Additional file 1.
Care Bundles of Enteral Nutrition Management in Patients with Stroke

Based on the evidence of the “Nursing practice guidelines for enteral nutrition in patients with stroke”, we aim to improve the nutritional status and reduce gastrointestinal complications in patients with stroke. This study will pool 12 recommendations from 2 systematic reviews and 82 RCTs (Table S1) to form 6 care bundle interventions in enteral nutrition (EN) in patients with stroke. The care bundles include (1) establishing a nurse-led multidisciplinary team in EN management for patients with stroke; (2) applying a quality management index system for EN in stroke patients; (3) forming standardised feeding pathways and modalities; (4) establishing an EN monitoring scheme; (5) providing individualised EN preparation; and (6) preventing and controlling EN complications.

Table S1 Nursing practice guidelines for enteral nutrition management in patients with stroke
	S/N
	Recommendations (Level of Evidence and Strength of Recommendation)

	1
	Establish a multidisciplinary team for nutritional management, which includes neurologists, neurological nurses, dietitians, rehabilitation therapists, etc. (1B)a

	2
	Establish a three-dimensional index system of structure, process, and outcomes to manage the quality of EN in patients with stroke. (GPS)b

	3
	Use the Nutrition Risk Screening 2002 (NRS2002) to screen nutritional risk in patients with stroke. (1B)

	4
	Use the Sapienza Global Bedside Assessment or Bedside Clinical Assessment tool to screen dysphagia in patients with stroke. (1A)

	5
	Choose the EN route based on factors such as nutritional risk, swallowing function, level of consciousness, expected feeding duration, and risk of complications in patients with stroke. (GPS)

	6
	Apply continuous feeding in EN in acute and severe cases. (1A)

	7
	Regular monitoring gastric residual volume (GRV) is not recommended, except in cases where there is a high risk of aspiration by mistake or feeding intolerance. (2B)

	8
	When it is necessary to evaluate GRV, select the syringe retraction method and, if available, ultrasound monitoring. (2D)

	9
	For those who do need to monitor GRV, it is not recommended to set a GRV threshold to guide EN. (1C)

	10
	Infuse warmed EN solution. (1C)

	11
	When using EN, raise the head of the bed ≥ 30° if the patient’s condition permits (1a), then continue to maintain the original position for more than 30 min after receiving EN (2D).

	12
	Improve the patients' gastrointestinal function by abdominal massage (1B), abdominal hot compress (2D), and early bed active and passive exercise modalities (2D).


Note: aThe level of evidence and strength of recommendation strictly follow the GRADE systems. bGPS: For issues without direct evidence or only included in qualitative studies, recommendations based on expert consensus are formed through the Delphi method and expert seminars and set as a good practice statement.

Before intervention

1. Establish a nurse-led multidisciplinary team in EN management for patients with stroke

The multidisciplinary team mainly involves nurses, physicians, dietitians, and rehabilitation therapists. The nurses are the main executors and direct observers of EN management for patients with stroke as they are in the closest contact with the patients. The physicians provide diagnosis and treatment plans. The dietitians are responsible for the assessment of nutritional status and management of an individualised nutrition care plan. The rehabilitation therapists develop rehabilitation exercise plans for the patients. The program promotes patient-centered multidisciplinary management of EN through multidisciplinary consultation and nurse-led management. The roles and responsibilities of the multidisciplinary team members are detailed in Table S2.

Table S2 Roles and responsibilities of multidisciplinary team members in enteral nutrition management for patients with stroke
	Roles
	Responsibilities

	Nurses
	Continuous supervision is provided to ensure successful implementation of care bundle.

Promptly screening patients for nutritional risk and dysphagia.

Determination of the EN route and method for gastrointestinal parameter monitoring of the patients in collaboration with physicians.

Assessment of gastrointestinal symptoms and GRV, and keeping daily records of all procedures and complications of EN.

Identification and implementation of preventive measures for EN complications.

	Physicians
	Assessment of the change in patients condition according to the vital signs, changes in physical signs and auxiliary examination.

Determination of the EN route and method for gastrointestinal parameter monitoring of the patients.

Improvement of nutritional measures, such as albumin supplementation, maintenance of water, electrolyte, and acid-base balance, on the basis of EN records.

Identification and implementation of preventive measures for EN complications in collaboration with nurses.

	Dietitians
	Nutritional assessment and development of effective measures to improve nutritional status in patients.

Provision of individualised EN formulations that meet the calorie and formula needs of patients.

Adjustment of EN formula and dose according to EN records.

Ensuring adequate nutrition and energy for patient during rehabilitation.

	Rehabilitation therapists
	Evaluation of patients’ motor function and establishment of rehabilitation plans for patients.

Participating in the determination of exercise methods to prevent EN complications based on EN records.


2. Application of a quality management index system for EN in stroke patients

The quality control of EN in patients with stroke is carried out from three dimensions—structure, process, and outcomes. The index system is established to guide the implementation of the program and supervise the quality.

Structural dimension: refers to evaluating the organisational framework, human, and material resource allocation of the EN care bundles. To ensure that the EN care bundles are feasible in all hospitals. The researchers will regularly evaluate the structural indicators before and during the implementation of the program.

Process dimension: refers to evaluating the clinical performance of the EN care bundles. To ensure that patients have direct or indirect access to care services, we should pay attention to the clinical implementation rate of each intervention in the care bundles. During the implementation of the program, the researchers carry out regular and random checks on process indicators.

Outcome dimension: refers to evaluating the effects of cluster EN intervention in clinical application. The Nutritional status, gastrointestinal complications, and disease outcomes are assessed weekly after admission and on discharge day. Specific indicators are shown in Table S3.

Table S3 Quality management index system of enteral nutrition in patients with stroke
	Dimension
	Indicators
	Evaluation period

	Structure
	Training implementation rate of EN program in the department
	Before implementation, and at Weeks 1,4,8, 16

	
	Qualified rate of EN knowledge/skill assessment of the executors
	

	
	Role composition of the multidisciplinary team
	

	
	The ratio of EN infusion pump to beds
	

	
	The ratio of EN warmers to beds
	

	Process
	The implementation rate of Nutritional risk screening
	At Weeks 1,4,8,16, and random

	
	The implementation rate of swallowing screening
	

	
	The risk assessment rate of aspiration
	

	
	EN initiation rate within 48 h
	

	
	The proportion of critical patients receiving continuous EN
	

	
	The proportion of GRV monitoring in general patientsa
	

	
	The proportion of GRV monitoring in at-risk patientsb
	

	
	The implementation rate of individualised EN formulation
	

	
	The implementation rate of bedside elevation
	

	
	The implementation rate of warmed EN solution infusion
	

	
	Abdominal massage rate
	

	
	Abdominal hot compress rate
	

	Outcomes
	Feeding intolerance rate
	Daily, weekly during implementation, and on the day of discharge

	
	Aspiration pneumonia rate
	

	
	Rate of achievement of nutrition intake goals
	

	
	BMI
	

	
	Serum pre-albumin (PA)
	

	
	Serum albumin（ALB）
	

	
	Calf circumference of healthy side and affected side
	

	
	Ability of daily living
	

	
	Mortality
	

	
	Length of stay
	


Note: aPatients without a high risk of aspiration or feeding intolerance. bPatients with high aspiration risk or feeding intolerance.

Early enteral nutrition (within 48 h)
1. Formation of standardised feeding pathways and modalities

1.1 Choose the appropriate feeding approaches

1.1.1 Assessment contents

Choosing appropriate feeding approaches for stroke patients requires comprehensive nutritional risk screening, nutritional status assessment, swallowing screening, and taking into account the expected feeding duration and patient condition.

NRS 2002 is used for nutritional risk screening in patients with stroke. Once the score is greater than or equal to 3 points, the patient is considered to have nutritional risk and should be referred to a nutritionist for nutritional status assessment. Swallowing screening assesses neurological symptoms, water swallowing test, and oxygen saturation monitoring in sequence. First, neurological symptom assessment includes (1) consciousness assessment: disturbance of consciousness or Glasgow Coma Scale (GCS) scores less than 13 points; (2) neuromuscular assessment: asymmetry or paresthesia of the face, tongue, larynx, or jaw; and (3) speech function assessment: dysarthria or dysphonia. Any abnormality suggests neurological symptoms. Second, the water swallowing test is applied to assess swallowing function. Patients will be asked to drink 30 ml of warm boiled water by themselves. Patients experience choking, throat clearing or sound quality changes within 2 min after drinking water, suggesting abnormal swallowing. Finally, oxygen saturation monitoring will be used. Compared with the resting state, the oxygen saturation of patients decreases by more than 5% during the period of drinking water and 2 min after drinking water. These assessments should be carried out in sequence. If there are abnormal items, the screening will be terminated immediately, and the patient will be forbidden to eat or drink by himself.

1.1.2 Selection basis

(1) Patients with good nutritional status and no dysphagia are treated with a regular diet.

(2) Patients with malnutrition or inadequate daily energy attainment rate at admission and without dysphagia are treated with oral nutritional supplements.

(3) For critical patients with severe dysphagia at admission, it is recommended to start EN as soon as possible (within 48 hours).

(4) Nasogastric tube (NGT) feeding is preferred in patients receiving EN. Nasojejunal tube (NJT) is recommended for patients with upper gastrointestinal dysfunction or intolerance to nasogastric feeding and patients at high risk of aspiration according to the Risk Assessment Table for Early EN Aspiration in Severe Patients. Percutaneous endoscopic gastrostomy (PEG) is recommended for (a) patients in the stable clinical stage and receiving EN > 28 d, (b) mechanical ventilation > 48 h, (c) patients who need but cannot tolerate NGT feeding, and (d) patients who cannot swallow safely in the next 2–3 weeks. The selection pathway of EN is shown in Figure S1.
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| ® Neurological symptoms assessment: includes consciousness assessment, neuromuscular assessment, and speech

function assessment. Any abnormality suggests neurological symptoms.
® Water swallowing test: patients experience choking, throat clearing or sound quality changes within 2 min after
drinking water suggests abnormal swallowing.
® Oxygen saturation monitoring: Compared with the resting state, the oxygen saturation of patients decreases by
i more than 5% during the period of drinking water and 2 min after drinking water.
'\ Note: the assessments above carry out in sequence. Once there are abnormal items, dysphagia will be diagnosed.





Figure S1 The standardised feeding pathways and modalities
1.2 Choose appropriate feeding methods

Patients with acute or severe stroke should be fed with continuous EN. The EN pump should be used to pump all the nutrients needed for the day at a low feeding rate, without interruption as much as possible.

Establish an EN monitoring scheme

2.1 Patients without a high risk of aspiration or feeding intolerance will not be routinely monitored for GRV but will be given EN based on their gastrointestinal symptoms.

(1) If the patients do not show any gastrointestinal symptoms (such as vomiting, reflux, abdominal distension, diarrhea, etc. ), gradually increase their total feeding amount to the target value, increase the input speed, or keep the speed constant after the target speed is reached.

(2) In the case of gastrointestinal symptoms, it is suspected that the patients may be intolerant to EN feeding and should be treated according to the following priority order under the premise of satisfying their nutritional intake: (a) maintain the current rate and total volume of EN, use gastrokinetic drugs or reduce the concentration of nutrient solution as well as nutrient ratios; (b) slow down the EN speed or reduce the total volume of EN; (c) suspend or delay EN feeding; (d) stop intragastric feeding and change to postpyloric feeding or supplementary parenteral nutrition; (e) perform gastrointestinal decompression according to the patients’ condition; and (f) adopt the treatment measures at the next level in the case of ineffective treatment measures at the previous level.

2.2 Patients with a high risk of aspiration or feeding intolerance should be routinely monitored daily for GRV.

(1) Time and frequency of GRV monitoring: (a) Patients receiving intermittent feeding should stop feeding for ≥ 3 hours, and then GRV should be checked; (b) GRV should be measured every 2–8 hours or when necessary in patients receiving continuous feeding.

(2) Methods of GRV monitoring: in EN patients, GRV is measured by routine clinical measurement methods (aspirating the entire gastric contents from the stomach using a 50 mL syringe or gravity drainage via a nasogastric tube, oral gastric tube, or percutaneous endoscopic gastrostomy tube), ultrasonic measurement methods or Brix value measurement methods. The ultrasonic measurement method can be selected for auxiliary verification if resistance is met while withdrawing the syringe plunger or if the results of the clinical routine measurement method and the clinical symptoms do not match.

(3) For patients with a high risk of aspiration or feeding intolerance and routinely monitor GRV, in addition to gastrointestinal symptom assessment, the feeding regimens should also be adjusted based on GRV monitoring results: if GRV is less than 250 ml, maintain the original speed, closely monitor and handle complications related to feeding intolerance; if GRV is 250 ml or more, the feeding speed should be adjusted to 20–30 ml/h, and gastrokinetic drugs are prescribed, then GRV should be assessed every 6 hours, and complications related to feeding intolerance should be continuously monitored; if GRV is 250 ml or more after administration of gastrokinetic drugs, EN should be suspended immediately, and complications related to feeding intolerance should be closely monitored and handled. See Figure S2 for details.
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® Clinical routine measurement method: aspirate the entire gastric contents from the stomach using a 50 mL syringe or gravity drainage via a
nasogastric tube, oral gastric tube, or percutaneous endoscopic gastrostomy tube.
® Ultrasonic measurement method: this method can be selected for auxiliary verification if resistance is met while withdrawing the syringe

plunger or the results of clinical routine measurement method and the clinical symptoms do not match.

® Brix value measurement method: the volume of gastric contents will be measured.




Figure S2 The enteral nutrition monitoring scheme

Provide individualised EN preparation
The multidisciplinary team will identify the special nutritional needs of patients and provide individualised EN formulations through evaluations of their biochemical indicators, comorbidities, and gastrointestinal function (Table S4). On the basis of individualising formulas to meet patients' unique needs, the total daily energy supply is determined by the daily activity coefficient and the basic metabolic energy consumption calculated by the modified Schofiled formula to provide individualised EN formulations that meet the calorie and formula needs of patients.

Table S4 Individualised enteral nutrition formulations
	Evaluation contents
	Specific disease states
	Formulation selection
	Dosage standard

	Biochemical indicators,

Comorbidities, and gastrointestinal function
	Hyperglycemia
	Low sugar formula
	(1) Calculate the basal metabolic energy consumption of patients according to the modified Schofiled formula;

(2) Determine the daily activity coefficient (1.2 for sleep or sedentary, 1.5 for light activity, 1.5 for moderate activity, and 1.75 for vigorous activity);

(3) Total daily energy supply = basal metabolic energy consumption × activity coefficient

	
	Hyperlipidemia
	Low fat formula
	

	
	Hypoproteinemia
	High protein formula
	

	
	Water intake restriction
	High energy density formula
	

	
	Constipation
	Add of soluble or mixed fiber formula
	

	
	Diarrhea
	Predigested short peptide diluted formula
	


During intervention

Prevention and control of EN complications

To prevent EN complications, the head of the bed should be elevated at least 30° during EN as long as the patient’s condition permits, and the patient should maintain the position for more than 30 min after EN. EN solution should be warmed prior to infusion. To promote gastrointestinal motility, measures such as abdominal massage and abdominal hot compress can be adopted. The prevention and control measures of EN complications are shown in Table S5.

Table S5 Prevention and control measures of enteral nutrition complications

	Measures
	Key points
	Implementation time

	Infusion of warmed EN solution
	Install a uniform heater at the end of the feeding tube, and set the temperature at 37–40℃.
	During EN

	Feeding position
	Except for special conditions such as low cranial pressure, the head of the bed should be elevated at least 30° during EN and patients should maintain the position for more than 30 minutes after EN.
	During EN

	Abdominal massage
	Abdominal massage includes four movements, including stroking, patting, kneading, and vibrating, each of which is approximately 5 min. The total massage time is approximately 20 min.

Stroking: With the iliac crest line, bilateral pelvis, and groin as the boundary, the palms overlap the abdomen and massage clockwise to stimulate the vagus nerve.

Patting: patting with the four fingers in the direction of the ascending colon, transverse colon, and descending colon to promote gastrointestinal motility.

Kneading: kneading the ascending colon from the bottom up and the descending colon from the top down.

Vibrating: vibrate the abdominal wall by tapping it with palms to alter the abdominal pressure and induce mechanical and reflex actions of the gastrointestinal tract.

Massage should go from light to heavy. If the patients feel discomfort during the process, stop massage immediately.
	2–3 times a day, during 9:00–11:00, 13:00–15:00, and 19:00–21:00, respectively.

Every 3–5 days, the multidisciplinary team makes decisions to maintain or adjust the massage protocol based on patients’ gastrointestinal symptoms.

	Abdominal hot compress
	Use soft and thermal compresses such as warm water-moistened cotton towels, heated far-infrared bioceramics (wrapped in towels), or heated cumin salt packets (wrapped in towels) to warm patients' abdomen. Hot compress for 20–30 min at a time. Pay attention to replacing the hot compress in time. Keep the skin temperature of the compressing area at 40–45 ℃ and no more than 50 ℃ for elderly individuals.
	2–3 times a day, during 9:00–11:00, 13:00–15:00, and 19:00–21:00, respectively.

Every 3–5 days, the multidisciplinary team makes decisions to maintain or adjust the hot compress protocol based on patients’ gastrointestinal symptoms.


