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Objective: This study aims to systematically review and summarize the evidence on early enteral nutrition (EEN)support for
Extracorporeal Membrane Oxygenation (ECMO)patients, Offer evidence-based guidance to healthcare professionals, including doctors
and nurses, to inform their clinical practices.

Methods: Using the “6S”evidence-based model, we searched multiple databases including UpToDate, Best Practice, Guideline
International Network (GIN), National Guideline Clearinghouse (NGC),Registered Nurses’ Association of Ontario (RNAO), Joanna
Briggs Institute (JBI), Evidence-Based Healthcare Center database, the Cochrane Library, PubMed, Embase, Web of Science, China
National Knowledge Infrastructure (CNKI), Wanfang Database, and Chinese Biomedical Literature Database (CBM). Aiming to find
evidence on early enteral nutrition support for adult patients with extracorporeal membrane oxygenation. The search included clinical
decisions, guidelines, systematic reviews, evidence summaries, and expert consensus. The time frame for the search was from the
inception of the databases to September 10, 2024.Two researchers evaluated the quality of the collected literature and extracted data
and summarized evidence from publications that met the quality criteria.

Results: We retrieved 13 relevant documents, consisting of 6 guidelines, 3 expert consensus papers, 2 clinical decision-making
articles, and 2 cohort studies. Through summarization and induction, a total of 26 best evidence pieces were obtained across five
aspects: the establishment of nutritional support plans; strategies and risk assessment for enteral nutrition; the implementation of early
enteral nutrition supplementation strategies; the amount and composition of nutrients reaching standard intake; and prevention of
enteral nutrition-related complications.

Conclusion: This study has summarized the evidence regarding early enteral nutrition support for adult patients with extracorporeal
membrane oxygenation (ECMO). It provides an evidence-based foundation for the practice of nursing and assists medical staff in
developing personalized nutrition management plans for enteral nutrition support in ECMO patients.
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Introduction
Extracorporeal Membrane Oxygenation (ECMO) is an advanced extracorporeal life support system widely used in the
treatment of patients with cardiopulmonary failure." Most patients receiving ECMO support are critically ill. As of
April 2024, the total number of adult lung resuscitation, heart resuscitation, and extracorporeal cardiopulmonary
resuscitation (ECPR) cases reported in the global ECMO patient registry by Extracorporeal Life Support Organization
(ELSO) is 131,036. The average mortality rate associated with these cases is between 30-40%.>

Patients supported by ECMO are critically ill, and in a state of high metabolic breakdown, with increased protein
metabolism, insulin resistance, and negative nitrogen balance. Inadequate nutritional support may lead to depletion of

energy reserves, muscle loss, and an increased risk of infection, thereby affecting the patient’s recovery and prognosis.

Journal of Multidisciplinary Healthcare 2025:18 1557—1569 1557
Received: 10 January 2025 © 2025 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 8 March 2025
Published: 17 March 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0006-4077-1063
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Guo et al

Most ECMO patients, due to coma, shock, electrolyte disorders, and related infections, are unable to eat orally or receive
parenteral nutritional support, and their nutritional needs change as the disease progresses. Therefore, Enteral Nutrition
(EN) is more in line with the nutritional needs of ECMO patients. EN can stimulate the secretion of gastrointestinal
hormones, prevent bacterial translocation, and maintain normal intestinal immune function, making it the preferred route
for nutritional intake.’

The European Society for Clinical Nutrition and Metabolism (ESPEN) has published nutritional guidelines for
critically ill patients,” and the Chinese expert consensus on enteral nutritional treatment for critically ill patients® both
recommend Early Enteral Nutrition (EEN) for ECMO-supported patients. It is suggested to initiate EN within 24 to
48 hours of ICU admission, which can help alleviate the problem of insufficient nutritional intake.® Additionally,
a retrospective study indicated that early enteral nutrition (EEN) is associated with a reduction in hospital mortality.”
Multiple guidelines and studies recommend implementing early enteral nutrition (EEN) for patients receiving extra-
corporeal membrane oxygenation (ECMO) treatment, but research on the current status and effectiveness of early enteral
nutrition in ECMO patients in China is still relatively limited. Especially in some intensive care units (ICUs), although
standardized feeding protocols for critically ill patients have been established, significant individual differences exist
among patients. To achieve optimal treatment outcomes, individualized nutritional support must be implemented.
Therefore, this paper systematically reviews the evidence related to early enteral nutritional support for ECMO patients
both domestically and internationally, and summarizes the relevant evidence, aiming to provide a reference for early
individualized enteral nutritional support for ECMO patients.

Materials and Search Methods

Formulation of the Research Question

The research question was formulated using the PIPOST model developed by the Shanghai Fudan University Evidence
based Nursing Center.® We formulated the research question using the PIPOST model (Population, Intervention,
Professionals, Outcome, Setting, Type of evidence). Compared to traditional frameworks such as PICO or SPIDER,
the PIPOST model was selected for its ability to address multidisciplinary clinical questions and enhance the applic-
ability of evidence in complex settings. “P” (population) refers to the target population of evidence use, which in our
study is adult patients supported by ECMO; “I” (intervention) refers to early enteral nutrition or nutrition supplementa-
tion and support; “P” (professional) represents the personnel who use the evidence, including nurses, doctors, dietitians,
patients and family members; “O” (outcome) refers to outcome indicators such as malnutrition, enteral nutrition
intolerance, diarrhea, and interruption of nutrient intake; “S” (setting) refers to the place where the evidence is applied,
such as intensive care units(ICU); “T” (type of evidence) refers to the type of evidence, such as clinical decision-making,
best practices, guidelines, evidence summaries, systematic reviews, expert consensus statements, and randomized
controlled trials.

Literature Search Strategy

Following the “6S” evidence model, a systematic search was conducted across various databases including UpToDate,
Best Practice, Guideline International Network(GIN), National Guideline Clearinghouse(NGC),Registered Nurses’
Association of Ontario(RNAO),Joanna Briggs Institute (JBI), Evidence-Based Healthcare Center database, the
Cochrane Library, PubMed, Embase, Web of Science, National Institute for Health and Care Excellence(NICE),China
National Knowledge Infrastructure(CNKI), Wanfang Database, CBM (Chinese Biomedical Literature Database), and
other clinical decision support systems, as well as the website of the Extracorporeal Life Support Organization (ELSO),
European Society for Clinical Nutrition and Metabolism(ESPEN), American Society for Parenteral and Enteral Nutrition
(ASPEN), European Society of Intensive Care Medicine(ESICM),and the German Society for Nutritional Medicine
(DGEM),Chinese Society for Parenteral and Enteral Nutrition(CSPEN).The search included all evidence related to early
enteral nutrition for ECMO patients, such as guidelines, expert consensus, clinical decisions, recommended practices,
evidence summaries, systematic reviews, and relevant original research. The English search terms were “extracorporeal
membrane oxygenation®* / ECMO / artificial membrane lung / Yeke Membrane / extracorporeal life support /
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extracorporeal life support therapy” and “early enteral nutrition / enteral nutrition / nutritional support / nutritional
therapy / nutrition / EEN / enteral feeding / force feeding / tube feeding / gastric feeding tube”, and “meta-analysis /
guideline / evidence / practical guidance / expert consensus / systematic review”. The search period was from the
inception of the databases up to September 10, 2024.

Inclusion and Exclusion Criteria

Inclusion Criteria

Studies involving adult ECMO-supported patients; research related to early enteral nutrition or nutritional supplementa-
tion and support; document types including guidelines, evidence summaries, recommended practices, systematic reviews,
and original research; language limited to Chinese or English.

Exclusion Criteria
Duplicated documents, research proposals or reports, incomplete content information, and evidence that did not pass the
quality assessment.

Criteria for Evaluating the Quality of Literature

Guidelines were evaluated using the Appraisal of Guidelines for Research and Evaluation II (AGREE II) system from
2012.° Expert consensus was assessed using the relevant quality assessment tools from the JBI Evidence-Based
Healthcare Center (2016).'® Systematic reviews were evaluated using the AMSTAR 2 (A Measure Tool to Assess
Systematic Reviews) tool.'""'* Evidence summaries, clinical decision-making tracing the original literature in the best
evidence summaries or clinical decision-making, the corresponding JBI Center for Evidence-Based Health Care-
recommended quality assessment tool was selected for quality assessment based on the type of original literature.'?

Process of Literature Quality Evaluation

Two appraisers with a research background in evidence-based nursing independently conducted the quality evaluation of
the selected literature. In cases where the two raters came to different conclusions about a piece of literature, a third
professional was invited to rate the piece and collaboratively decide on its inclusion or exclusion. When there were
conflicting conclusions from different sources of evidence, the appraisers followed the rule of prioritizing evidence-based
evidence, prioritizing high-quality evidence, and prioritizing the most recent published evidence. Guidelines were
evaluated by at least four professionals, and other literature was evaluated independently by two researchers with
evidence-based training, and in case of disagreements, a third researcher with a background in evidence-based medicine
made the decision.

Results

General Information of Included Literature
A total of 359 documents were retrieved, and 13 were included in the study, consisting of 6 guidelines,*'*'® 3 expert

21,22

19.2 .. .. . . 2324 .
consensus documents,”'?2% 2 clinical decision-making papers, and 2 cohort studies.”>** The process of literature

screening is depicted in Figure 1.

Basic Details of the Included Literature
Literature extraction and evidence grading results: We extracted the following details from the included literature:
Author, title of the article, year of publication, source, type, and topic. These details are shown in Table 1.

Results of Literature Quality Assessment

Results of Quality Evaluation of Guidelines
After comprehensively evaluating the quality of the articles in question, we utilized the AGREE II tool to conduct
a systematic assessment of the included guidelines, and the results are presented in detail in Table 2.
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Records identified from(n=359): ESICM
(n=15), ELSO (n=5), ESPEN (n=4), ASPEN (n=8),
PubMed (n=121), Embase (n=80), Web of Science

(n=43), Cochrane Library (n=9), CNKI (n=35),
Wanfang Database (n=21), VIP Database (n=4),
Reference Tracing (n=14)

Records removed before screening
(n=85):
-Duplicates (n=72)
-Automation tools: (n=0)
-Dmismatch: (n=13)

Records after
deduplication (n=274)

Excluded after title/abstract screening
(n=167):

- Irrelevant population (n=53)

- Irrelevant topic (n=114)

Full-text articles assessed
foreligibility(n=92)

Excluded full-text articles (n=79):
- Ineligible evidence type (n=45)
- No full-text access (n=12)

- Unrelated outcomes (n=22)

Included literature for analysis
(n=13)

Figure | Screening flow chart for literature.

Abbreviations: ESICM, European Society oflntensive Care Medicine; ELSO, Extracorporeal Life Support Organization; ESPEN, European Society for Clinical Nutrition and
Metabolism; ASPEN, American Society for Parenteral and Enteral Nutritio; CNKI, China National Knowledge Infrastructure; VIP, China Science and Technology Journal
Database.

This table visually shows the scores of each guideline across different dimensions. Through a comprehensive analysis
of these scores, it is possible to clearly understand the quality level of each guideline in key aspects such as scope and
purpose, stakeholder involvement, rigour of development, clarity of presentation, applicability, and editorial indepen-
dence. Judging from the overall score distribution, guidelines of different quality levels can be effectively distinguished.

Table | General Characteristics of Included Literature (n=13)

Included Literature | Publication Literature Topic Literature
Literature Source Year Type
Elke'* DGEM 2019 Clinical Nutrition in Critical Care Medicine Guideline
Tonna'® ELSO 2021 Management of Adult Patients on Venovenous Extracorporeal Membrane Guideline

Oxygenation (VV-ECMO)

McClave'® PubMed 2016 Guidelines for the Provision and Assessment of Nutrition Support Therapy in Guideline
Adult Critically 1ll Patients

(Continued)
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Table | (Continued).

Included Literature | Publication Literature Topic Literature
Literature Source Year Type
Berger'” ESPEN 2022 Micronutrient Guidelines Guideline
Singer'4 ESPEN 2023 Clinical Nutrition in the Intensive Care Unit Guideline
Wunderle'® ESPEN 2023 Nutrition Support Guidelines for Polymorphic Hospitalized Patients Guideline
Zhang et al® CMA 2022 Chinese Expert Consensus on Enteral Nutritional Treatment for Critically Il Expert
Patients in the Emergency Department consensus
Mi et al'® CMA 2021 Chinese Expert Consensus on the Prevention and Management of Common Expert
Complications in Enteral Nutritional Support for Critically Il Patients (2021 consensus
Edition)
Sun et al® CMA 2018 Chinese Expert Consensus on Clinical Practice of Early Enteral Nutrition for Expert
Critically Ill Patients consensus
David et al*' UpToDate 2024 Nutritional Support in Critically Ill Patients: Enteral Nutrition Best clinical
practice
guideline
Darryl et al* UpToDate 2024 Management of Venovenous Extracorporeal Membrane Oxygenation (V-V Best clinical
ECMO) practice
guideline
Gutierrez et al”® PubMed 2021 Outcomes Associated with Delayed Enteral Feeding After Cardiac Arrest Cohort
Treated with Venoarterial Extracorporeal Membrane Oxygenation and Studies
Targeted Temperature Management
Ohbe et al** PubMed 2018 Early Enteral Nutrition for Cardiogenic or Obstructive Shock Requiring Cohort
Venoarterial Extracorporeal Membrane Oxygenation: A Nationwide Inpatient Studies

Database Study

Abbreviations: DGEM, German Society for Nutritional Medicine; ELSO, Extracorporeal Life Support Organization; ESPEN, European Society for Clinical Nutrition and
Metabolism; CMA, Chinese Medical Association.

Table 2 AGREE Il Scores of the Included Guidelines (n=6)

Guidelines Scope Involved Preciseness Clarity of Applicability | Independence Number of Number of Recommendation
and Personnel of Guideline Presentation of Writing Domains/ Domains/ Level
Purpose Development Criteria Criteria
>260% >30%
Elke'* 77.77 69.66 71.24 46.29 54.16 7222 4 6 B
Tonna'® 85.18 64.81 66.66 62.96 69.44 80.55 6 6 A
McClave'® 79.62 62.96 54.86 53.70 62.50 69.44 4 6 B
Berger'” 83.33 70.37 70.83 68.14 66.66 63.88 6 6 A
Singer* 87.03 74.07 61.80 66.66 69.44 7777 6 6 A
Waunderle'® 81.48 64.81 76.38 57.40 54.16 60.32 4 6 B
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This provides valuable data support for the rational selection and reference of these guidelines in subsequent research,
practical applications, and other aspects.

Quality Assessment of Clinical Decisions

21,22

A total of 2 clinical decisions were included in this study, both from UpToDate, with a high overall quality and thus

included.

Quality Assessment of Expert Consensus and Cohort Studies

A total of 3 expert consensus papers were included, as well as 2 cohort studies. The inclusion of literature with
a complete study design and appropriate data analysis methods indicates a high quality of literature. The results are
detailed in Table 3 and Table 4.

Best Evidence Summaries

This study categorizes the evidence for enteral nutrition support into five aspects, specifically referencing the
following guidelines and consensus:Setting of Nutrition Support Plan for ECMO Patients: Refer to the recommen-
dations for multidisciplinary team collaboration in the study by Karpasiti et al;** Enteral Nutrition Strategy and Risk
Assessment: Refer to the nutritional risk screening process in the study by Al-Dorzi & Arabi;*® Implement the early
enteral nutrition supplementation strategy: According to the ESPEN guidelines on the timing and method of
initiation;* The target amount of nutrients taken in and the nutrient components: Combining ASPEN guidelines
and Chinese expert consensus on macronutrient and micronutrient recommendations;'’ Prevention of Enteral
Nutrition - related Complications: Integrating ELSO consensus and Chinese expert consensus on the management
of enteral nutrition-related complications.>'” Through summarization and induction, five aspects of enteral nutrition
support are ultimately obtained: establishing nutritional support plans, enteral nutrition strategies and risk assess-
ment, implementation of early enteral nutrition supplementation strategies, nutrient target quantity and composition
balance, and prevention of enteral nutrition-related complications. The classification into five aspects is meaningful
in covering the full-cycle needs of ECMO patient nutrition management, from plan establishment to complication
prevention, all referencing complementary recommendations from international guidelines and local consensus, as

seen in Table 5.

Table 3 Quality Evaluation Results of Expert
Consensuses (n=3)

ExpertConsensus | O | @ | ® | ® | ® | ®
Zhang et al® Yes | Yes | Yes | Yes | Yes | Yes
Mi et al'® Yes | Yes | Yes | Yes | Yes | Yes
Sun et al*® Yes | Yes | Yes | Yes | Yes | Yes

Table 4 Quality Evaluation Results of Cohort Studies (n=2)

Cohort Studies | @® | @ | ® ® ® || ® ® (D)

Gutierrez et al*® Yes | Yes | Yes | Unclear | Yes | Yes | Yes Yes Yes | Unclear | Yes

Ohbe et al** Yes | Yes | Yes | Unclear | Yes | Yes | Yes | Unclear | Yes Yes Yes
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Table 5 Summary of Evidence for Early Enteral Nutrition Support in Adult Patients with Extracorporeal Membrane Oxygenation (ECMO)

Category Evidence Content Evidence | Recommendation
Level Level

Setting of Nutrition Support Plan for I. It is recommended that a multidisciplinary nutritional management team be established to systematically assess and manage the nutrition of Level 5 B
ECMO Patients patients with ECMO, including intensivists, dietitians, perfusionists, and nurses specializing in ECMO."*

2. For patients at risk, a more detailed assessment and planning should be conducted to facilitate early and adequate nutritional treatment and to Level 5 B

determine quality outcome indicators.*
Enteral Nutrition Strategy and Risk 3. All ECMO patients who stay in the ICU for more than 48 hours should be considered to be at risk of malnutrition;* early enteral nutrition can, Level 4 B
Assessment to some extent, reduce the mortality rate of ECMO patients.23

4. It is recommended to use the Nutritional Risk Screening 2002 (NRS2002) and the Nutrition Risk in Critically Il (NUTRIC) score to conduct Level 5 B

nutritional risk assessments for ECMO patients.zo

5. It is recommended to adopt the Acute Gastrointestinal Injury (AGI) criteria to assess the gastrointestinal function of patients. If the AGI level is Level 5 A

grade |-ll, enteral nutrition (EN) should still be actively initiated. If the AGI level is grade IV, EN should be postponed. During the EN process,

a dynamic assessment of AGI should be carried out.

6. It is recommended to use the ICU aspiration risk assessment scale to evaluate ECMO patients, and it is suggested that enteral nutrition (EN) Level 5 A

should be administered through the postpyloric route, mainly the jejunum route.*'*%°

7. For ECMO patients using mechanical ventilation, indirect calorimetry should be used to measure energy expenditure.4 Level 5 A
Implement the early enteral nutrition 8. It is recommended to record the nutritional plans of ECMO patients every day.* Level 5 B
supplementation strategy 9. For adult ECMO patients who are unable to take food orally, early enteral nutrition (EN) should be initiated within 48 hours. Moreover, to Level 4 B

avoid overfeeding, it is not advisable to conduct full-dose EN for early ECMO patients. Instead, the target should be gradually achieved within 3 to

7 days after admission to the ICU. For those who have not reached 60% of the target feeding amount, it is recommended to supplement

parenteral nutrition.*'?

10. For patients with hemodynamic stability (mean arterial pressure > 65mmHg, norepinephrine <Iug/(kg ‘min) and in the process of dose Level 3 A

reduction), EN should be initiated as early as possible within 24 to 48 hours as appropriate.

I'1. It is recommended to place nasogastric or nasojejunal tubes for ECMO patients, with the gastric route being the preferred option. For Level | B

patients at high risk of aspiration or those who are intolerant to gastric EN despite the use of prokinetic drugs, postpyloric feeding is

recommended. The average feeding time is approximately 13 hours.**2°

12. The infusion rate is recommended to start at 10—-20 mL/h. If the gastrointestinal function can tolerate it, the speed can be gradually increased. Level 5 A

For severe ECMO patients, the infusion rate of carbohydrates in EN should not exceed 5 mg/kg/min.**

13. There is no need to provide supplemental parenteral nutrition in the first 7 days of ICU hospitalization.'® Level 4 B

(Continued)
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Table 5 (Continued).

Category Evidence Content Evidence | Recommendation
Level Level
The target amount of nutrients taken in and | 14. The initial caloric intake for ECMO patients should be 8—10 kcal/(kg day). For most stable patients, the goal is to reach 25-30 kcal/(kg day) Level 4 A
the nutrient components after one week (calculated based on ideal body weight).|6
I5. After the third day of ICU admission, energy intake should achieve 80-100% of measured Energy Expenditure (EE).* Level 3 B
16. The recommended protein requirement is 1.2 to 2.0 grams/(kg day); for obese patients (BMI 25-29.9 kg/m?), it should be increased to 2.0 to Level 5 B
2.5 grams/kg day.'®
17. For ECMO patients with intact or recovering gastrointestinal function, whole protein formulas are recommended; for those with Level 4 A
gastrointestinal dysfunction, peptide-based formulas are preferred.>'®
18. For every 1500 kcal of enteral nutrition (EN) per day, 1.5-3 mg of Vitamin B, at least 100 mg of Vitamin C, and at least 1000 IU (25 Level 5 B
micrograms) of Vitamin D should be provided.'”
*Note: Vitamin dosages should be adjusted based on the patient’s laboratory test results.
19. In ECMO patients with pressure ulcers, the addition of specific amino acids (arginine and glutamic acid) and calcium beta-hydroxy-beta- Level 4 A
methylbutyrate to enteral feeding can accelerate the healing of pressure ulcers.'®
20. For patients with acute respiratory failure, high-fat/low-carbohydrate formulations are not recommended. Formulas containing omega-3 fatty Level 5 A
acids are also not routinely recommended.”
21. For patients undergoing ECMO combined with CRRT (Continuous Renal Replacement Therapy), it is advised to provide standard feeding Level 3 B
(with an enteral nutritional formula containing approximately 40g of intact (non-hydrolyzed) protein per 1000 kcal) and to restrict fluids as
necessary.?'
Prevention of Enteral Nutrition - related 22. It is recommended that ECMO patients should be placed in a position with the head of the bed elevated at an angle of 30°- 45°, use sedatives Level 5 A
Complications as little as possible, receive continuous and slow enteral nutrition (EN) infusion, have the gastric residual volume (GRV) monitored once every
4 hours, and undergo continuous suction above the cuff of the artificial airway, etc.'>?°
23. For patients at risk of refeeding syndrome: It is recommended that the maximum target at the start of nutrition should be 40% - 50% of the Level 5 B
target calories.”
24. Early enteral nutrition will not increase the incidence of aspiration and intestinal intolerance in patients;23 it is recommended to optimize Level 4 A
analgesia, sedation, fluid status and reduce gastrointestinal irritation for patients with feeding intolerance or at high risk so as to improve the
tolerance of enteral nutrition.”
25. For patients with blood glucose higher than 10 mmol/L, it is recommended that intravenous infusion of insulin should be the first choice to Level 5 A
control blood glucose. The blood glucose should be measured at least once every 4 hours within the first two days after admission to the ICU.
When the blood glucose is difficult to control, a formula with a low glycemic index can be adopted.*®
26. It is recommended to use the Hart diarrhea scoring method to conduct diarrhea assessment; the temperature of the nutrient solution should Level 5 A

be adjusted to be close to body temperature. For elderly patients with diarrhea, the temperature of the nutrient solution should be maintained at
38-42°C. It is recommended to relieve diarrhea by changing the nutrition formula/plan, such as adding soluble fiber (20 g/L) to enteral nutrition
preparations. 19.20
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Discussion
Nutritional Risk Screening and Nutrition Plan Setting Before EEN Initiation in ECMO

Patients

During the implementation of ECMO, ECMO can cause changes in the patient’s hemodynamics and the exposure of
blood to the ECMO circuit, triggering the release of a large number of inflammatory factors, which increases the risk of
infection and coagulation dysfunction in ECMO patients. In this state of stress, the metabolic rate of the body is further
increased, leading to insulin resistance and negative nitrogen balance.”> To prevent patients from developing complica-
tions related to malnutrition, it is necessary to establish a multidisciplinary nutritional management team to system-
atically assess, set, and manage the nutritional plans for ECMO patients. Relying solely on a single nutritional
management model, such as one formulated only by physicians or dietitians, may not fully consider individual
differences, changes in condition, and physical status. A multidisciplinary nutritional management team can comprehen-
sively assess the patient’s condition from multiple perspectives and formulate a precise and comprehensive nutritional
management plan to provide patients with adequate nutritional treatment early on and to establish quality outcome
indicators.*

The guidelines suggest that the multidisciplinary nutritional management team should include intensive care physi-
cians, dietitians, perfusionists, and ECMO team members.' According to ELSO, ECMO team members include ECMO
physicians, interventional cardiologists, vascular surgeons, perfusionists, intensive care unit nurses, respiratory therapists,
and ECMO specialists. Among them, ECMO specialists are a special existence. They can be registered nurses (RN),
respiratory therapists (RT), or perfusionists, who have received special training in managing ECMO at the patient’s
bedside. Intensive care unit nurses, as registered nurses with unique skills in caring for critically ill patients, are bedside
nurses in some centers. In summary, through the close collaboration between the multidisciplinary nutritional manage-
ment team and the ECMO team, patient safety and quality of recovery in complex treatment environments are further

ensured.?’

Considerations for the Implementation of Enteral Nutrition in ECMO Patients
The guidelines published by ESPEN recommend that ECMO patients who have been in the ICU for more than 48 hours
be considered at risk of malnutrition.* Medical staff should place great importance on and conduct assessments and
monitoring of enteral nutrition to provide patients with scientific and effective nutritional support. However, for critically
ill patients requiring ECMO support, who often have multiple conditions and are in a state of coma and bed rest, it is not
suitable to solely use Body Mass Index (BMI) to assess nutritional status, nor can accurate recent weight loss and food
intake be obtained from the patients. Therefore, the American Society for Parenteral and Enteral Nutrition (ASPEN)
recommends using the Nutritional Risk in Critically Ill (NUTRIC) score for individualized nutritional assessment. It is
also recommended in to use the Acute Gastrointestinal Injury (AGI) criteria to assess gastrointestinal function;” if AGI is
at levels I to III, enteral nutrition (EN) should be actively initiated, and if AGI is at level IV, EN should be temporarily
postponed, with dynamic assessment of AGI during the EN process. In addition, during the period of ECMO support, it is
recommended to record the nutritional plan, urea to creatinine ratio, physical and cognitive function, blood sugar levels
(blood glucose levels, insulin dosage), electrolytes, liver function levels, and fluid balance parameters (central venous
pressure, intake and output) daily.**>2°

Furthermore, the guidelines* recommend that for ECMO patients on mechanical ventilation, indirect calorimetry
should be used to measure energy expenditure. The assessment and monitoring system for enteral nutrition plays a crucial
role in medical practice, helping medical staff to identify patients at risk of malnutrition early and accurately, ensuring
that patients receive timely and effective nutritional support, and promoting their recovery process. Moreover, grasping
the timing of initiating enteral nutrition is key to its proper implementation. The guidelines published by ELSO*® state
that once the clinical condition is stable, it is advocated to start enteral nutrition within 48 hours of ECMO support. Early
enteral nutrition support can promote intestinal motility in ECMO patients, improve blood perfusion in the digestive
tract, help maintain the integrity and barrier function of the intestinal mucosa, and reduce the incidence of hospital-
acquired infections.”® Currently, there are no prospective, randomized, controlled studies with large samples on the
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optimal timing of EN support for ECMO patients, but some observational studies have found that early enteral nutrition
is safe and effective.””*® Especially in the study by Lu et al,*' the proportion of patients successfully weaned from
ECMO in the early EN group (80.6%) was higher than that in the delayed EN group (48.3%). In terms of survival and
discharge, the early EN group had a survival rate of 52.8%, significantly higher than that of the delayed EN group.
Implementing early enteral nutrition support for critically ill ECMO patients can not only significantly promote the repair
and recovery of the gastrointestinal mucosa, effectively reduce the probability of gastrointestinal bleeding, but also
significantly reduce the risk of infection and mortality during hospitalization.

The methods of enteral nutrition infusion mainly include continuous infusion with a nutritional pump and intermittent
infusion, and the guidelines recommend the use of continuous feeding for ECMO patients.* The infusion rate should start
at 10-20 mL/h and can be gradually increased if gastrointestinal function tolerates it; the infusion rate of carbohydrates in
EN should not exceed 5 mg/kg/min.*> Therefore, for patients requiring ECMO support, given the rapid changes in their
condition, it is necessary for the multidisciplinary nutritional management team must adhere to comprehensive and
meticulous principles, assess the patient’s nutritional needs from multiple aspects and dimensions, and pay close attention
to the patient’s nutritional intake, regularly monitor changes in nutritional indicators, and adjust the route and speed of
enteral nutrition support promptly, on time according to the patient’s condition.

Assessment of Nutritional Intake and Balance of Nutrients to Ensure ECMO Patients’

Balanced Nutrition

In terms of nutritional components for early enteral nutrition support, it is suggested that the initial caloric intake for
critically il patients be 8—10 kcal/(kg-day)'® and for most stable patients, the goal is to reach 25-30 kcal/(kg-day) after
one week (calculated based on ideal body weight); the recommended protein requirement is 1.2 to 2.0 grams/(kg-day),
and for obese patients (BMI 25-29.9 kg/m?), it should be increased to 2.0 to 2.5 grams/kg-day. In addition to daily caloric
and protein intake, micronutrients are also crucial for critically ill patients. The European Society for Clinical Nutrition
and Metabolism (ESPEN) has published the ESPEN Micronutrient Guideline in 2024 to improve medical quality,
standardize the use of micronutrients, and promote the standardization and scientific nature of clinical decision-
making.'” It is recommended that all patients receiving medical nutrition therapy, under the premise of safety and
effectiveness, should be supplemented according to the results of vitamin laboratory tests, following the guidelines.
Specifically, for every 1500 kcal of enteral nutrition (EN) per day, 1.5-3 mg of Vitamin B1, at least 100 mg of Vitamin C,
and at least 1000 IU (25 pg) of Vitamin D should be provided. Laboratory tests are an important prerequisite to ensure
individualized supplementation, to avoid the risks of deficiency or excess.

Due to the severe condition of ECMO patients, who are connected to numerous medical devices and have limited
mobility, requiring long-term bed rest for treatment, the prolonged pressure on the skin can easily lead to pressure ulcers.
Improving the nutritional status of patients is a key aspect of preventing pressure ulcers, as good nutritional levels can
enhance the patient’s resistance and reduce the risk of pressure ulcers. The guidelines'® suggest that for ECMO patients
with pressure ulcers, adding specific amino acids (arginine and glutamic acid) and calcium beta-hydroxy-beta-
methylbutyrate to enteral feeding can accelerate the healing of pressure ulcers. By improving the nutritional status of
patients, the incidence of pressure ulcers in those with malnutrition can be reduced.

Timely Analysis and Management of Related Complications to Provide Strong Support

for Patient Recovery

An early, standardized, and safe feeding process will reduce the incidence of complications from enteral nutrition,
shorten the length of hospital stays, and improve the quality of life for patients. Studies have shown>? that interruptions in
enteral nutrition (EN) are common in critically ill patients, with feeding intolerance being a frequent cause. A systematic
review study indicates that early initiation of enteral nutrition for ECMO patients does not necessarily lead to gastro-
intestinal intolerance,”® and most cases of gastrointestinal intolerance can be effectively managed with prokinetic drugs.
Medical staff should strengthen the assessment of patients’ tolerance to nutrition to optimize clinical nutritional
outcomes.
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Additionally, the guidelines recommend” that for patients at risk of refeeding syndrome, the initial nutritional
goal should be 40% to 50% of the target caloric intake, and postpyloric feeding should be considered for patients
who are intolerant to feeding or at high risk, with optimization of analgesia, sedation, fluid status, and reduction
of gastrointestinal irritation to improve tolerance to enteral nutrition. Currently, there is no unified assessment tool
for enteral nutrition tolerance, and there is a lack of a standardized and authoritative evaluation system to
accurately determine the extent of patients’ tolerance to enteral nutrition, which requires further research. To

1920 the Hart Diarrhea Score is recommended for assessing

prevent feeding-related diarrhea in ECMO patients,
diarrhea, with the temperature of the nutritional solution for elderly patients with diarrhea maintained at 38
to 42°C.

In diabetic patients with poor glycemic control, feeding-associated diarrhea can be ameliorated by implementing
enteral nutrition in combination with continuous insulin infusion; changes in nutritional formulas/programs to
alleviate diarrhea, such as increasing the amount of soluble fibers (20 g/L) in enteral nutrition preparations, are
also recommended. Feeding-associated diarrhea can lead to a range of clinical problems, such as electrolyte
imbalance, fecal incontinence, and pressure sores, all of which can add to the patient’s healthcare burden.
Therefore, healthcare professionals must be highly responsible and perceptive in detecting feeding-related complica-
tions in a timely manner and take prompt and effective measures to provide strong support and safeguard the
patient’s recovery.

Conclusion

This paper systematically summarizes 26 key pieces of evidence on the management of early enteral nutrition in
adult ECMO patients, covering the development of a nutrition support plan, enteral nutrition strategies and risk
assessment, implementation of early enteral nutrition supplementation strategies, the amount and composition of
nutrients to meet targets, and measures to prevent enteral nutrition-related complications. Several studies have
shown that ECMO patients receiving enteral nutrition at an early stage do not significantly increase the incidence
of high levels of gastric remnants, intestinal intolerance, or serious abdominal complications, while making it
easier to achieve target feeding rates and contributing to a reduction in patient morbidity and mortality. Thus,
early enteral nutrition is a safe and effective intervention for ECMO patients, with a positive impact on their
prognosis.

However, there are still limited data on nutritional support for adult ECMO patients, and in particular, in-depth studies
on the correlation between nutritional support and patient prognosis are lacking. In addition, there may be differences in
the response to nutritional strategies between patients treated with VV-ECMO and VA-ECMO. Until more high-quality
data are available, it is recommended that treatment plans be developed based on existing nutritional guidelines for
critically ill patients with individualized needs. Meanwhile, future studies should focus on the differences in nutritional
strategies between VV-ECMO and VA-ECMO patients and their impact on prognosis, in order to further promote precise
nutritional management of ECMO patients.

This study only included publicly available literature in English and Chinese, and did not include research
literature in other languages, and thus may have some degree of geographic and cultural adaptation limitations. In
translating this evidence into clinical practice guidelines, it is recommended that healthcare professionals conduct
a structured and comprehensive assessment that includes factors such as the patient’s own nutritional needs,
gastrointestinal functional status, type of traumatic surgery, body immune status, level of sedation and analgesia,
and blood glucose level, in order to formulate nursing interventions and preventive and control programs that are
tailored to the individual situation. By applying the best evidence to guide clinical practice, patient outcomes can be
effectively improved.

Future studies should pay more attention to the effects of nutritional management practices under different medical
resource conditions, provide a basis for the development of more widely applicable clinical guidelines, and promote the
standardization and standardization of nutritional management of ECMO patients to further enhance the level of
treatment and quality of survival of critically ill patients. In addition, the effects of nurse-led nutritional assessment
and related studies on the prevention of feeding-related complications in ECMO patients should be further explored to
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provide higher-quality nursing services for critically ill patients and to help optimize and develop clinical nursing

practice.
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