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Abstract: The second edition of the expert consensus on pediatric nutrition was formed based on a global update of pediatric nutrition guidelines or consensus worldwide, the management of congenital heart disease, and the results of multi-center clinical nutrition research for congenital heart disease following the first Chinese consensus edition of 2016. The consensus was also shaped by the results of three discussion sessions and two questionnaires conducted by the 13-member collaboration group. This process was informed by both clinical guidelines and expert consensus. The quality of literature, both in English and Chinese, and the level of recommendations were evaluated using the Grading of Recommendations Assessment, Development, and Evaluations (GRADE) system.
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1  Introduction

Congenital heart disease (CHD) is one of the most common birth defects in children and carries one of the highest mortality rates, accounting for 0.4% to 1% of all live births [1]. Hemodynamic abnormalities can lead to insufficient bodily reserves, depleted supply, and increased demand. Malnutrition is prevalent in children with CHD, particularly when high-risk factors such as cardiac failure, pulmonary hypertension, and infection are present; these factors significantly impact surgical timing, clinical outcomes, and the child’s growth and development [2–4]. However, the nutritional screening, assessment, and intervention for children with CHD remain challenging in clinical practice. Therefore, there is an urgent need to employ evidence-based methodologies to develop new clinical expert consensus on nutrition support for CHD, ensuring it is scientific, effective, and suitable for implementation in China.

The 2016 edition has shown a positive impact and guidance for clinical practical application in the whole country. However, the nutrition intervention for CHD has progressed rapidly in recent years, and it is necessary to evaluate the results, renew consensus and share successful experiences for developing countries.

2  Methods

Besides the results of China’s multicenter research on clinical nutrition in CHD since 2016 [5], we adopted the internationally accepted Delphi program and used the CNKI, Wanfang, Weipu, China biomedical full-text database (SinoMed), PubMed, Embase and the Cochrane Center for Evidence-Based Medicine database for the study on a systematic search of the literature from 2016 to 2023 at national and international. Meanwhile, the search keywords were “congenital heart disease”, “nutrition”, “nutritional screening”, “nutritional assessment”, “nutritional support”, “nutritional preparations”, “breast milk”, “enteral nutrition”, “parenteral nutrition”, “nutritional complications”, “home care”, “catch-up growth”. The second edition of the consensus was finalized by three offline discussion sessions among CHD experts and nutrition experts in October 2021 (20 experts), June 2022 (36 experts), and February 2023 (66 experts), and two online two questionnaires surveys in July 2022 (36 experts) and March 2023 (66 experts) to vote on the content and opinions of the consensus recommendations, respectively.

The “Basic Concepts and Formulation Specifications of Clinical Guidelines and Expert Consensus” [6], Group of Cardiac Surgery in Pediatric Surgery Society of Chinese Medical Association, and Group of Pediatric Nutrition in Parenteral Enteral Nutrition Society of Chinese Medical Association organized the national experts related to CHD and pediatric nutrition on the basis of the 2016 version of the “Expert Consensus on Nutritional Support for Children with Congenital Heart Disease,” among screened the 49 questions posed, summarizing 6 main topics and 25 questions. The second edition of the consensus was finally formed after online and offline discussions, as well as combining China’s multi-center pediatric cardiac surgery clinical experience. This consensus uses the Grading of Recommendations Assessment, Development, and Evaluations (GRADE) system to assess the quality of evidence for evidence-based medicine and the level of recommendation opinions [7] (Table 1). Based on the content of the evaluation, the quality of the evidence was graded into four levels: high (A), moderate (B), low (C) and very low (D). Five downgrading factors-the methodological quality of the original study, imprecision, inconsistency, indirectness, and publication bias-and three upgrading factors-large effect size, dose-response relationship, and possible confounding factors (negative bias). Once the grading of the evidence was completed, the evidence was presented via an evidence summary (Table 1).
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This consensus has completed registration (registration number: PREPARE-2023CN049) with the International Platform for Registration and Transparency of Practice Guidelines (http://www.guidelines-registry.cn/).

3  Results and Discussions

3.1 Nutritional Screening-Assessment and Multidisciplinary Team (MDT) for Children with CHD

3.1.1 Nutritional Screening

Chronic malnutrition in CHD can lead to growth retardation and poor physical and neuropsychiatric development [7]. Early identification of risk factors for malnutrition such as low birth weight, prematurity, cardiac failure, pulmonary hypertension, poor feeding capacity, and other malformations [8] is essential for nutritional screening and targeted interventions for CHD. Nevertheless, the comprehensive and standardized management of CHD throughout an individual’s lifetime must include nutritional assessments for children with CHD, enhanced perioperative nutritional support, and effective nutritional management post-discharge. Screening for malnutrition risk is recommended to be performed by non-nutritional healthcare professionals within 24 h of admission, using nutritional screening tools such as STRONG Kids, STAMP, or the Chinese Pediatric Nutritional Screening Score (PNSS) [9] (Table 2). Those hospitalized for more than 2 weeks should be screened weekly, and further comprehensive nutritional assessment by a nutritionist was recommended for children screened at more than moderate risk or with a total score ≥2. Among other things, anthropometric measurements (weight, height/length, and head circumference) are recommended to be based on the World Health Organization (WHO) Child Growth Standard Curve (http://www.who.int/childgrowth/standards/en/) [10,11].
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3.1.2 Nutritional Assessment

(1) Target group: Children at moderate or higher risk of malnutrition on nutritional screening.

(2) Assessment content: Including medical history, nutritional history, feeding history, gastrointestinal function assessment, and physical measurements (height/length, weight, head circumference, mid-upper arm circumference, and skinfold thickness, etc.), laboratory indicators (total protein, prealbumin, retinol-binding protein, C-reactive protein, hemoglobin, electrolytes, etc.), and monitoring of micronutrients (calcium, iron, etc.) and vitamins (folic acid, B12, etcetera), when necessary; Physical measurements still refer to WHO standards, and Fenton 2013 (http://ucalgary.ca/fenton/2013chart) is recommended for preterm infants.

(3) Assessment tools: Subjective Global Nutritional Assessment (SGNA) is recommended for nutritional assessment.

(4) Assessment personnel: Relevant nutrition professionals who have been trained in standardized procedures [12,13].

3.1.3 MDT in Nutritional Support

Perioperative nutritional risk assessment, intervention and post-discharge nutritional management of children with CHD require MDT to regularly address nutritional issues, provide advice, offer programs, and provide appropriate guidance. The MDT team generally consists of multidisciplinary professionals from cardiac surgery, cardiology, CCU (cardiac intensive care unit), clinical nutrition, nursing, pharmacy, rehabilitation, etcetera, and make an integrated individualized plan including nutritional risk screening, nutritional assessment, enteral nutrition (EN), parenteral nutrition (PN) programs, nutritional preparation configuration, gastrointestinal function monitoring and intervention, nutritional knowledge education and post-discharge nutritional management [14]. Henceforth, multidisciplinary collaboration can standardize diagnosis and treatment, promote the effect of nutritional support in children with CHD, and improve the outcome.

Recommendation 1:

(1) Nutritional risk screening should be performed within 24 h of admission for hospitalized children with CHD, and children hospitalized for more than 2 weeks should be reassessed once a week, and those who are screened for moderate or higher risk of malnutrition need to be further evaluated for comprehensive nutritional assessment by a nutritional professional. The STRONG Kids, STAMP and PNSS tools are recommended for nutritional screening, and the Subjective Global Nutritional Assessment (SGNA) is recommended for nutritional assessment. Physical measurements recommend WHO’s Standardized Growth Curve for Children, and Fenton 2013 is recommended for preterm infants.

(Level of Evidence: B; Strength of recommendation: Strong).

(2) MDT of cardiac-related physicians, nursing, nutrition, pharmacy, rehabilitation, and other multidisciplinary personnel will be responsible for the nutritional management of patients with CHD, including the entire process of nutritional risk screening, nutritional assessment, nutritional supportive therapy, and post-discharge nutritional management.

(Level of Evidence: B; Strength of recommendation: Strong).

3.2 Perioperative Energy Requirements of Children with CHD

The daily energy expenditure of children with CHD (especially the complex and critical type) is increased compared with normal children, and malnourished children who need to catch up with growth in postoperative rehabilitation and discharge from the hospital, need to be supplemented with additional energy in order to meet the actual requirements. MDT should be involved in the whole process of nutritional management, including the assessment of swallowing ability, feeding ability, and therapeutic activities, such as gastroesophageal reflux [15,16].

3.2.1 Energy Measurement

During the perioperative period of CHD, there are significant changes in the body’s energy requirements at different stages [17]. Some studies reported an indirect energy meter to detect resting energy expenditure (REE), hence, to individualize and guide the postoperative energy requirements [18]. If conditions do not permit this, the Schofield formula (Table 3) or the WHO formula can also be used to estimate energy requirements [19]. The selection of clinical energy measurement formulas needs to be individualized according to the actual nutritional status of children with CHD.
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3.2.2 Stable Energy Requirements

The stabilization period of preoperative disease refers to the period of relatively stable conditions before surgery and discharge from the hospital. The preoperative energy requirements of some children are higher than those of normal children, but they tend to have insufficient intake. The energy requirements of most children return to the normal level in the first week after surgery [20], and then they enter into the phase of catching up with the growth, and the subsequent energy requirements are also higher than those of normal children in the same age group. Due to food-specific kinetic effects and fecal losses, the EN recommendation is higher than the PN recommendation, and the PN calorie recommendation is usually 70%–80% of the EN. PN calorie recommendation for stable neonates is 70–90 kcal/(kg.d) for term infants and 80–100 kcal/(kg.d) for preterm infants; the EN calorie recommendation is 105–130 kcal/(kg.d), 110–135 kcal/(kg.d) for preterm infants, and up to 150 kcal/(kg.d) for some ultra-low birth weight infants [21]. PN calorie requirements during the stabilization period of infants and toddlers are shown in Table 3 [22].

When EN is insufficient, PN supplemental calories are calculated by the following algorithm: PN required calories = (1 − EN intake calories/EN recommended calories) × PN recommended calories: 
PN={1−ENaENb}×PNc

PN: PN required calories; a: intake calories; b: recommended calories; c: PN recommended calories.

3.2.3 Postoperative Critical Care Period Energy Requirements

During the postoperative critical care period of CHD, an excessive energy supply carries an increased risk of complications [21,22]. The main goal of this phase is to maintain hemodynamic stability rather than to improve nutritional status, energy supply should not exceed REE, calories are gradually increased to 1.3 times REE after stabilization, and further increased during the recovery phase, the recommended PN calorie requirements for the corresponding phase [21,22] are shown in Table 4.
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3.2.4 Post-Hospitalization Energy Requirements

During postoperative rehabilitation, a daily energy intake of 140–150 kcal/kg (actual body weight) or 110–120 kcal/kg (ideal body weight) is sufficient to meet the normal growth requirements of children 0–36 months of age with CHD in order to provide additional calories for “catch-up” growth. A daily energy intake of 140–150 kcal/kg (actual body weight) or 110–120 kcal/kg (ideal body weight) is sufficient for normal growth in children aged 0–36 months. When the growth assessment reaches the normal curve, the energy supply is returned to that of a normal child of the appropriate age.

Recommendation 2:

(1) Daily energy consumption of children with CHD is higher than that of normal children, and energy demand fluctuates greatly at different stages of the perioperative period; during the stabilization period, the energy supply can be supplemented according to the energy supply of normal children of the corresponding age, and energy intake should not exceed the REE of the corresponding age during the critical stage; calories gradually increase to 1.3 times of the REE after stabilization, and then increase further during the recovery period.

(Level of Evidence: B Strength of Recommendation: Strong).

(2) During the perioperative of CHD, if possible, dietitians may measure REE with an indirect energy meter to provide individualized energy requirement and when conditions are not available, the Schofield or WHO estimation formula can be used to estimate the energy requirement.

(Level of Evidence: A; Strength of recommendation: Strong).

3.3 Nutritional Support for Children with CHD

Children with CHD generally do not have congenital gastrointestinal malformations, while gastrointestinal function is affected by cardiac failure, intraoperative gastrointestinal ischemia-reperfusion injury, vasoactive drugs, and other impacts caused by dysfunction or obstacles. However, it is generally reversible, and gastrointestinal function improves correspondingly after the improvement of cardiac function status. Oral feeding is preferred for nutritional support in children with CHD, and EN via the naso-gastric (or jejunal) tube is recommended for those with dysphagia or gastroesophageal reflux [23], which helps to maintain the integrity of the gastrointestinal tract, increase secretion to promote gastrointestinal motility, reduce the incidence of infection, decrease postoperative complications, and shorten the length of hospitalization [23]. If EN cannot meet energy requirements partially supplemented by PN [23]. The amount of rehydration fluid should be matched with the cardiac function, the amount of fluid input and output should be relatively balanced, and the amount of input should be strictly controlled in some children with special types of CHD (e.g., Fontan) after surgery.

3.3.1 EN

Indications, Relative Contraindications, and Contraindications

(1) Indications: 1) Preoperative preserved intestinal function can be given EN; 2) If postoperative day withdrawal of ventilator assistance, EN can be started 6 h after extubation; 3) If the postoperative day did not withdraw the ventilator assistance, hemodynamic stability, there is no contraindication to EN, EN can be started on the first postoperative day (within 24 h).

(2) Relative contraindications: 1) Postoperative hemodynamic instability: such as epinephrine greater than 0.1 µg/kg/min [24]; Dopamine/dobutamine dose greater than 5 µg/kg/min, milrinone greater than 0.5 µg/kg/min, and the inability to reduce the dosage suggests that the child’s hemodynamics is unstable; 2) Delayed closure of the chest, ECMO, VAD support, tracheal intubation in the early stage (within 6 h).

(3) Contraindications: 1) Severe gastrointestinal dysfunction: such as massive gastrointestinal bleeding, complete intestinal obstruction, necrotizing enterocolitis (NEC), high-flow enterocutaneous fistula, etc.; 2) Organic lesions of the gastrointestinal tract: such as the combination of uncorrected congenital esophagus, gastrointestinal malformations.

EN Routes and Methods

Appropriate EN was selected based on a comprehensive evaluation of the child’s age, cardiopulmonary function, with or without ventilator-assisted respiration, aspiration pneumonia, comorbidities, and duration of EN [25]. The commonly used EN routes are listed in Table 5, and tube feeding methods are listed in Table 6.
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Formula Selection

Breast milk is the best optimal food for infants and breastfeeding should be encouraged [26,27]. Preterm and very low birth weight infants are prone to feeding intolerance, and colostrum oral immunity treatment (OIT) is feasible [28]. Breast milk additives can be used to increase energy density in feeding-tolerant preterm infants [26,27]. If breastfeeding is insufficient, EN formulas should be selected according to age, disease state, gastrointestinal function, current feeding status, and the presence of food allergies (Table 7). Adult EN formulations can be selected for children over 10 years of age. Medium-chain fatty acid-enriched formulas are advised for postoperative children with developed chylothorax disease, and short peptide semi-essential formulas are selected for children with cow’s milk protein intolerance [17]. EN formulas with a high energy density can be selected for children with fluid limitations, and processed and stored using aseptic techniques [29].
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EN Volume and Advanced Protocols

To start EN in a perioperative CHD period should follow the protocols of gradual increase in volume, acceleration, and concentration, specifically from low concentration to high concentration, adjusting the volume first and then adjusting the concentration, and not adjusting the volume and concentration at the same time. Nourishing type (micro) feeding can be used in the critical stage, with small amounts and multiple times or micro-pump micro-input, which can effectively prevent intestinal mucosal atrophy, maintain intestinal integrity, improve intestinal micro-ecology, and promote gastrointestinal dynamics. Nutritive feeding can be started if there is no contraindication to EN in 6–24 h after surgery, 12–24 ml/(kg.d) intermittent infusion by nasogastric tube is recommended. It can be changed to continuous infusion (0.5–1.0 ml/(kg.h)) if intolerance is not tolerated, and nourishing feeding is not included in the target calories.

Neonatal feeding volume and rate refer to neonatal tube feeding dosage and addition rate as shown in Table 8. The addition of complementary foods in children of appropriate age should avoid the perioperative period, and the additional time can be delayed by 1–2 months compared with that of normal children appropriately, with the same types of food. Children with CHD usually have limited fluid requirements, and an increase in the calorie density of the formula may be considered, with the final target amount calculated in calories.
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EN Complications, Prevention and Intervention [23,30]

Mechanical, respiratory, gastrointestinal, and metabolic complications can occur due to EN (Table 9), which should be prevented and treated in the context of the specific situation and characteristics of the CHD.
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Recommendation 3:

(1) Breast milk is the preferred choice for EN in children with CHD. Colostrum OIT is feasible for preterm and very low birth weight children, and breast milk additives can also be used to increase energy density if necessary. For children who do not have breastfeeding conditions (if age below 1 year) or have special needs, appropriate nutritional preparations, and routes should be selected according to the condition of the child and the function of the gastrointestinal tract (for details, see Table 7).

(Level of Evidence: A; Strength of Recommendation: Strong).

(2) Preseved preoperative intestinal function can be given EN, and EN should be started as early as possible after preoperative surgery to exclude contraindications. EN is mainly given by oral feeding, and children with cardiac failure and low suction ability are fed by a mixture of oral + tube feeding, and all of them can be fed via naso-gastric tube or naso-duodenal feeding under special circumstances, and appropriate EN should be selected on the basis of assuring the number of feedings.

(Level of Evidence: B; Strength of Recommendation: Strong).

(3) Perioperative EN should follow the protocol of a gradual increase in volume, acceleration, and concentration, adjusted according to age, cardiac function, and other factors. Nourishment-type feeding can be used in the critical stage, and the principle of small amount and multiple times or micro pumping micro input can be used. Causes of feeding intolerance should be actively investigated, or the preparation of formula should be adjusted.

(Level of Evidence: B; Strength of Recommendation: Strong).

3.3.2 PN

When EN is not feasible or the supplement of EN is insufficient in children with CHD, PN should be used on time [22].

Indications and Relative Contraindications [31]

(1) Indications: Firstly, EN is preferred, and if the amount of EN is insufficient, PN should be supplemented promptly in patients with CHD. Specifically, for neonates who receive less than 70% of the required EN for 3 consecutive days, and for children who receive less than 50% of the required EN for 3 consecutive days, timely supplementation with PN is recommended [22].

(2) Relative Contraindications: 1) Severe disturbances of water-electrolyte and acid-base balance; 2) Patients with hepatic and renal failure, and coagulation dysfunction.

PN Routes

(1) Central venous catheter (CVC);

(2) Peripherally inserted central catheter (PICC);

(3) Peripheral venous catheter (PVC).

The route of PN support should be determined by the number of days of infusion and the osmotic pressure of the nutrient solution formulation. For PN support exceeding 2 weeks, the use of a PICC is recommended. For PN support lasting 7 to 14 days, the use of a CVC or PICC is advised. For PN support less than 7 days, the use of a PVC or CVC is recommended. When the osmolality of the nutrient solution formulation exceeds 900 mosm/L, the CVC or PICC route is recommended [32].

PN Formulations

(1) Amino acids: PN formulation for children requires more essential amino acids, and it is recommended to use pediatric-specific amino acids for children under 3 years old [21]. The recommended amount of amino acids for neonates: it can be started within 24 h after birth (except for those with renal insufficiency), and the starting dosage is 1.5~2.0 g/(kg.d), which can be increased to 3 g/(kg.d) for full-term infants and 3.5 g/(kg.d) for preterm infants.

(2) Fat emulsions: Children are advised to use novel fat emulsions that are not solely derived from soybean oil [33]. The recommended dosage of fat emulsion is less than 3 g/(kg.d) for children and less than 4 g/(kg.d) for neonates. Administration can begin within the first 24 h after birth. For preterm infants, start with 1.0 g/(kg.d) on the first day, and increase to up to 3 g/(kg.d) from the second to the seventh day. During rapid growth phases, the total amount should not exceed 4 g/(kg.d). During PN, blood triglyceride concentrations should be routinely monitored and the dose should be reduced if they exceed 227 mg/dL in infants or 400 mg/dL in older children. In cases of liver function abnormalities, the use of fat emulsions should be stopped or reduced. Fat emulsions should be used with caution in cases of total bilirubin >170 μmol/L (10 mg/dL), thrombocytopenia, respiratory failure, severe infections, and bleeding tendencies.

(3) Glucose: Stress hyperglycemia may occur during the postoperative critical period, and if the blood glucose is higher than 180 mg/dL, a “glycemic control strategy” should be adopted, including the application of insulin [22]. During PN, blood glucose levels should be maintained below 8.33 mmol/L. If levels exceed this threshold, the infusion rate should be gradually decreased. If hyperglycemia persists with an infusion rate of ≤4 mg/(kg.min), insulin at 0.05 IU/kg/d can be administered. Clinically, insulin dosages may be adjusted according to the individual patient’s response to treatment [34]. Recommended glucose dosage for neonates: initial glucose rate at 2.5~5 mg/(kg.min) and increase gradually at 1~2 mg/(kg.min), with the maximum dose not exceeding 12 mg/(kg.min). The glucose requirements for infants and young children with PN are shown in Table 10.
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(4) Others: The recommended amount of electrolytes for neonates is shown in Table 11 and for infants and young children in Table 12. It is recommended to use water or fat-soluble vitamins and trace elements specific for children [35].
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3.3.3 PN Complications, Prevention, and Intervention

Complications of PN support in CHD include catheter-related, infectious complications, metabolic complications, and organ dysfunction as shown in Table 13 [36].
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3.3.4 PN Monitoring and Start-Up or Wean-Off Timing

The PN monitoring is shown in Table 14, and the timing of PN on and off is individualized according to the degree of satisfaction with the EN supply [20].
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Recommendation 4:

(1) For children with CHD, PN should be supplemented when EN is not feasible or when the EN is insufficient. If neonates receive less than 70% of required EN for 3 consecutive days, or if children receive less than 50% of required EN for 3 consecutive days, or in cases where EN is completely contraindicated, PN is necessary.

(Level of Evidence: B; Strength of Recommendation: Strong).

(2) When PN is required for more than 2 weeks, the use of a PICC is recommended. For PN lasting 7–14 days, the use of a CVC or PICC is advised. For PN support less than 7 days, the use of a PVC or CVC is recommended. If the osmolarity of the nutrition solution exceeds 900 mosm/L, the use of a CVC or PICC is recommended.

(Level of Evidence: A; Strength of recommendation: Strong).

(3) For infants and young children under 3 years of age, PN formulations should include pediatric amino acids solution, water-soluble or fat-soluble vitamins, and trace elements. Routine monitoring of serum triglycerides is recommended during fat emulsion infusion.

(Level of Evidence: B; Strength of Recommendation: Weak).

(4) Mechanical, infectious, and metabolic complications must be monitored during PN. Attention should be given to the possibility of stress-induced hyperglycemia in critically ill children during glucose infusion.

(Level of Evidence: B; Strength of Recommendation: Weak).

(5) Monitoring of PN should focus on clinical signs and laboratory indicators, and the initiation and discontinuation of PN should be personalized.

(Level of Evidence: A; Strength of Recommendation: Strong).

3.4 Nutritional Support for Special Conditions

3.4.1 Nutritional Support for Postoperative Chylothorax

In addition to medicine, improving hemodynamics and reducing venous pressure, postoperative chylothorax in CHD requires strict dietary control. It is recommended to consume foods that are either non-fat or low in fat. For formula milk, varieties rich in medium-chain fatty acids are advised. Defatted Hippuric Milk (DHM) is a feasible and safe way of providing breast milk for newborn infants. Depending on the patient’s condition, supplementation with albumin and high-glucose fluids is suggested to reduce fat consumption [37,38]. Ensuring adequate electrolyte and vitamin supplementation is crucial for maintaining a balanced nutrient supply. In the case of postoperative chylothorax, when the chyle output is ≤20 ml/kg/day, high medium-chain triglycerides (MCT) and low long-chain triglycerides (LCT) diet should be given for 1 week. If the chyle output remains ≤10 ml/kg/day, then the high MCT and low LCT diet should be continued for 6 weeks, starting from the initial occurrence of chylothorax post-surgery. In situations where postoperative chylothorax output is ≥20 ml/kg/day, total parenteral nutrition (TPN) combined with octreotide treatment should be administered for 7–10 days. If there is no reduction in chyle output, surgical intervention followed by continued total parenteral nutrition combined with octreotide should be carried out for another 7 days.

3.4.2 Nutritional Support in Extracorporeal Life Support (Including ECMO/VAD)

For patients under ECMO/VAD support, it is recommended to measure REE through an indirect calorimeter to provide individualized guidance for energy requirements. If the circumstances do not permit such measurements, refer to the recommended energy levels during the perioperative critical phase of CHD, as detailed in Table 4. During support, the body’s protein requirement increases. Nutritional supply can be estimated at 100~120 kcal/kg-d for calories and 3 g/(kg.d) for protein. Near-infrared gastrointestinal blood flow monitoring can be utilized for gastrointestinal function assessment during ECMO/VAD support. It is essential to initiate EN promptly after achieving hemodynamic stability, adhering to a protocol of gradual increase in volume, acceleration, and concentration. The reasonable goal is to achieve two-thirds of EN nutritional target in the first week of critical illness, with PN supplementing any deficit in EN [21,39]. Gastrointestinal motility is a common complication during nutritional support and should be considered to be assisted by gastrointestinal prokinetic agents. To safeguard the membrane lung, the use of fat emulsions is not recommended. If indeed necessary, it is advised to administer these emulsions through a dedicated intravenous line, ensuring a steady and continuous infusion over a period of 12 to 24 h per day [40].

3.4.3 Impact of Vasoactive Drugs on Nutritional Support

Following CHD surgery, the use of postoperative anesthesia and sedative medications can lead to decreased gastrointestinal motility. If hemodynamic stability is achieved, the dosage of vasoactive medications should be reduced as soon as possible until discontinued [41,42]. Early EN is recommended for children who maintain hemodynamic stability under vasoactive drug support and have no specific gastrointestinal contraindications.

3.4.4 Perioperative Nutritional Support for Specialized CHD

Fontan Nutritional Support

Protein-losing enteropathy (PLE) is one of the most challenging complications encountered in patients with single-ventricle physiology following Fontan palliative care. Nutritional management of PLE should take into account the disorder’s impact on gastrointestinal function, diarrhea, and malabsorption. A high-protein diet (≥2 g/(kg.d)) and a low-fat diet (≤25% of caloric intake) with medium-chain triglyceride supplementation are recommended to minimize the amount of intestinal protein loss and improve nutritional status [43]. Additionally, a low-fiber, low-salt diet should be considered. Adjustments to the gut microbiota and maintenance of electrolyte balance are important, along with supplementation of albumin, immunoglobulins, and fat-soluble vitamins. In cases of severe diarrhea, fasting and provision of parenteral nutrition are advisable to rest the gastrointestinal tract and reduce lymphatic flow, thereby facilitating mucosal repair.

Nutritional Support for NEC

Patients with ductus arteriosus-dependent CHD or CoA/IAA and preterm and newborn infants experience inadequate gastrointestinal perfusion and ischemia, which increases the risk of NEC. Breast milk exerts a protective effect on the infant’s microbiome. During the early stages of administering minimal EN through a micro-pump, the judicious addition of probiotics may help in reducing the risk of NEC [44,45]. Once NEC is diagnosed, EN should be discontinued and replaced with PN. Once abdominal symptoms have subsided, indicated by the absence of vomiting, abdominal distension, and signs of peritonitis such as high abdominal muscle tone, and with at least two consecutive negative occult blood tests, no red blood cells or pus cells present in the stool, and no evidence of pneumatosis intestinalis on an abdominal flat plate X-ray, trophic feeding can be initiated. This involves starting with small, frequent feeds or micro-pump infusion, and gradually transitioning to full EN support. The osmolarity of the EN formula should be carefully controlled to ensure it remains within appropriate limits.

Nutritional Support for Dysphagia

In individuals associated complications like cleft lip and palate anomalies, extended reliance on mechanical ventilation, damage to the recurrent laryngeal nerve post-surgery, and dysfunctional epiglottis can cause coughing, dysphagia, and elevated feeding risks. Regular evaluations of the vocal cords, employing nasogastric tube feeding, or using specialized nipples can offer significant benefits to these patients. The involvement of an MDT, encompassing rehabilitation specialists and nursing staff, is pivotal in providing targeted swallowing rehabilitation and feeding advice, which can effectively improve their nutritional status.

Recommendation 5:

(1) For postoperative chylothorax, strict dietary control is required, with non- or low-fat foods recommended. For formula milk, varieties rich in medium-chain fatty acids are advised. In the case of postoperative chylothorax, when the chyle output is ≤20 ml/kg/day, high medium-chain triglycerides (MCT) and low long-chain triglycerides (LCT) diet should be given for 1 week. If the chyle output remains ≤10 ml/kg/day, then the high MCT and low LCT diet should be continued for 6 weeks, starting from the initial occurrence of chylothorax post-surgery. In situations where postoperative chylothorax output is ≥20 ml/kg/day, TPN combined with octreotide treatment should be administered for 7–10 days. If there is no reduction in chyle output, surgical intervention followed by continued total parenteral nutrition combined with octreotide should be carried out for another 7 days.

(Level of Evidence: B; Strength of Recommendation: Strong).

(2) Patients with ECMO/VAD support refer to the recommended energy levels during the perioperative critical phase of CHD. During support, protein supply can be estimated at 3 g/(kg.d) Once hemodynamic stability is achieved, early initiation of EN should be prioritized. The reasonable goal is to achieve two-thirds of EN’s nutritional target in the first week of critical illness, with PN supplementing any deficit in EN.

(Level of Evidence: B; Strength of Recommendation: Weak).

(3) When patients are combined with NEC, enteral nutrition EN should be discontinued and replaced with PN. Once abdominal symptoms have subsided, indicated by the absence of vomiting, abdominal distension, and signs of peritonitis such as high abdominal muscle tone, and with at least two consecutive negative occult blood tests, no red blood cells or pus cells present in the stool, and no evidence of pneumatosis intestinalis on an abdominal flat plate X-ray, trophic feeding can be initiated. This involves starting with small, frequent feeds or micro-pump infusion, and gradually transitioning to full EN. The osmolarity of the EN formula should be carefully controlled to ensure it remains within appropriate limits.

(Level of Evidence: B; Strength of Recommendation: Weak).

(4) For children who have dysphagia, routine vocal cord evaluation and nasogastric tube feeding or special pacifier feeding are recommended. The involvement of an MDT, encompassing rehabilitation specialists and nursing staff, is pivotal in providing targeted swallowing rehabilitation and feeding advice, which can effectively improve their nutritional status.

(Level of Evidence: B; Strength of Recommendation: Weak).

3.5 Nutritional Management of CHD throughout the Lifecycle

Nutritional support is one of the most important aspects of the lifecycle management of CHD, which covers the continuous management from birth, infancy, adolescence to adulthood. In addition to the perioperative nutritional management, which is of high concern, attention should also be paid to preoperative nutritional management, post-discharge nutritional management, developmental period of adolescents aged 12~18 years old, and adult nutritional management, thus forming a nutritional support and management covering the whole life cycle.

3.5.1 Preoperative Nutritional Management

Children with preoperative CHD face nutritional risks after birth. The ESPEN Clinical Nutritional Guidelines for Surgery recommends that children with moderate or severe malnutrition should be given preoperative nutritional support for a certain period in non-emergency situations [46]. The duration of preoperative nutritional support should be determined based on the severity and urgency of the condition. Preoperative nutritional support should primarily consist of EN. For children with heart failure, a combination of oral feeding and fine nasal-gastric tube feeding can be adopted.

3.5.2 Post-Discharge Nutritional Management

The first 1~6 months after discharge is an important stage for children to catch up with the growth in weight and height. Children who have undergone satisfactory deformity correction and receive standardized nutritional guidance reach the nutritional status of their age-matched peers by 12 months after surgery. The joint outpatient service of cardiology and pediatric health care or clinical nutrition departments is crucial for guiding and managing post-discharge nutritional support.

3.5.3 Nutritional Management in Adolescence and Adulthood

The adolescent stage, from 12 to 18 years old, is the most optimal time for relay management from childhood to adulthood. During this period, patients should maintain appropriate exercise and adequate nutritional support, especially the supply of high-quality protein foods. For patients who continue to experience malnutrition and have undergone multiple surgeries, it is critical to conduct thorough nutritional assessments and provide comprehensive nutritional support and management through an MDT approach. As they enter adulthood, patients should maintain a healthy lifestyle, avoiding overeating and excessive obesity to prevent additional strain on the heart.

Recommendation 6:

Nutritional management of the whole life cycle of CHD covers preoperative nutritional management, perioperative nutritional management, adolescence, and adulthood. The first 12 months post-discharge is a critical period for catch-up growth in children who have had satisfactory deformity correction. It is recommended to carry out a joint outpatient service involving the cardiology department and the pediatric health care department or the clinical nutrition department.

(Level of Evidence: B; Strength of Recommendation: Strong).

4  Conclusion

This consensus refers to the latest evidence-based methodology of nutritional screening, assessment and intervention to produce a new clinical expert consensus on nutritional support for CHD, which is scientifically effective and suitable for China. Moreover, it helps children to recover and catch up with their growth and development, and the majority of the recommendations have received widespread agreement. Further large-sample, multi-center studies are needed to obtain more evidence-based methodology, while more consensuses should be reached to develop and promote the nutritional support guidelines for children with CHD.
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Table 11: Recommended daily electrolyte requirements for neonatal PN with CHD

Electrolyte (mmol/(kg.d)) Premature baby Full-term baby
Na 2.0~3.0 2.0~3.0
K 1.0~2.0 1.0~2.0
Ca 0.6~0.8 0.5~0.6
P 1.0~1.2 1.2~1.3
Mg 0.3~0.4 0.4~0.5

Note: In general, no potassium supplementation should be given within 3 d of birth unless there is evidence of hypokalemia.
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Table 1: GRADE system quality of evidence and strength of recommendation grading

Levels

Definition

Level of evidence
High quality (A)

Medium quality (B)

Low quality (C)

Extremely low
quality (D)

There 1s a high degree of confidence that the estimated effect value 1s close to
the true effect value and that further research 1s unlikely to change the
credibility of the estimated effect value

Medium confidence in the estimated effect value, the estimate is likely to be
close to the true value, but there is still a possibility that they are not the same
and that further research could change the confidence in the estimated effect
value

There 1s a limited degree of confidence in the estimated effect value: the
estimated value may be quite different from the true value. Further research is
very likely to change the confidence in the estimated effect value

There is little confidence in the estimated effect value, and the estimate 1s likely
to be quite different from the true value. Any estimate of the effect value 1s
highly uncertain

Strength of recommendation

Highly recommendation Clearly show that the benefits of the intervention outweigh the harms or the

(grade 1)

Weak recommendation

(grade 2)

harms outweigh the benefits

Uncertainty about the benefits and disadvantages or evidence of both high and
low quality shows comparable advantages and disadvantages
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Table 3: Schofield-formula for calculation of REE (kcal/d)

Age

Male

Female

0-3 years
3—10 years
10—18 years

59.5 x (weight/kg) — 30
22.7 x (weight/kg) + 504
17.7 x (weight/kg) + 658

58.3 x (weight/kg) — 31
22.3 x (weight/kg) + 486
13.4 x (weight/kg) + 692
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Table 8: Neonatal congenital tube feeding dosage and rate of addition

Birth Interval  Starting dosage Speed of Final feeding
weight (g) time (ml/(kg.d)) addition (ml/(kg.d)) (ml/(kg.d))
<750 @h*®  <10*¥1W 15 150
750~1000  q2h*° 10 15~20 150
1001~1250 q2h™* 10 20 150
1251~1500 q3h 20 20 150
1501~1800 q3h 30 30 150
1800~2500 q3h 40 40 165

>2500 g4h 50 50 180

Note: * Continuous feeding with breastmilk is not recommended because it may cause layering of breastmilk.
® This can be gradually transitioned to q2-3h starting at every 1 ml/12 h.
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Table 6: Common tube feeding patterns in children with CHD

Methods Indications Notes
Deduction  Oral/nasogastric tube feeding patients with  focus on the injection speed
basically normal gastric emptying
Gravity drip Patients who could not tolerate bolus The infusion rate could not be guaranteed,
injection but used mfusion pump and complications due to changes in the rate
unconditionally were monitored
Intermittent Children with gastroesophageal reflux, Each infusion should be administered slowly
drip delayed gastric emptying, and high-risk over a period of 30 min—2 h
factors for pulmonary aspiration
Continuous Gastroesophageal reflux, delayed gastric If gastric retention is large, it is necessary to
infusion emptying, insufficient gastrointestinal slow down the rate of feeding or the rate of
motility, and malabsorption were mtolerant increase in feeding
to intermittent infusion
Mixed Adaptation to the drip method was gradually According to the amount of gastric retention,
infusion excessive to mtermittent infusion dynamic return to instillation, or excessive

injection
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Table 13: Common PN complications, prevention, and intervention

Complications

Preventive and intervention

Mechanical

Catheter obstruction, catheter displacement,
thrombosis, puncture injury, catheter fracture

Infectious
Catheter-associated bloodstream infection

Metabolic
Electrolyte secretion disorder (ESD)
Refeeding syndrome

Hyperglycemia or hypoglycemia
Lipid metabolism abnormality

Metabolic bone disease

Hepatobiliary complication

Strictly follow the principles of PICC placement and
care, operated by trained and qualified healthcare
personnel; X-ray radiography to determine catheter
position after puncture; routine flushing of the tube with
saline and heparin

Strictly execute aseptic operation and strengthen catheter
care; in case of unexplained fever or suspected catheter-
related infection, apply broad-spectrum antibiotics
through the vein rapidly after blood culture is drawn, and
switch to sensitive antibiotic treatment after the pathogen
is clarified; remove the catheter for catheter culture

Correct the disorder and remove the cause of the disease

Gradually increase the nutritional supply for those who
have been fasting for a long time or are severely
malnourished

Monitor blood glucose and stabilize glucose rate

Monitor blood lipid level, if high blood lipid occurs,
should reduce or suspend the use of fat emulsion

Reasonable supplementation of vitamins, calcium,
phosphorus, and magnesium, appropriate exercise,
monitoring of bone density, and vitamin D levels

Regularly monitor liver function, and start EN as much as
possible, those who have developed liver function

impairment or need PN for a long time are recommended
to choose fat emulsions not from a single soybean source
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Table 4: Recommended calorie [kcal/(kg-d)] during different stages of the perioperative period for PN

Age Stable period Postoperative critical period Postoperative recovery period
0-1 year 60-65 45-55 75-85
1-7 years 55-60 4045 65-75
7-12 years 40-55 3040 55-65
13—18 years 2540 20-30 30-55
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Table 9: Common tube feeding complications and prevention measures

Complications Possible causes Prevention measures
Mechanical
Feeding tube Not flushing the feeding tube in time Rinse the feeding tube in time
obstruction
Feeding tube Operation error, improper fixation Reasonable fixed and marked, close
displacement monitoring
Mucosal The feeding tube diameter is too thick, the For long-term feeding, colostomy was used
erosion material is too hard, and the indwelling time and high quality feeding tube with an
is too long appropriate diameter was selected
Respiratory
Dyspnea The tube feeding was too fast and the Adjust the infusion rate
stomach was overdistended
Aspiration Excessive speed of infusion, improper Gastroesophageal reflux was treated
pneumonia position during infusion, neurological actively, semi-decubitus position was
impairment, loss of pharyngeal reflex, selected, jejunal feeding was performed,
weakness of the lower esophageal sphincter, infusion rate was adjusted, and feeding tube
excessive diameter of the feeding tube, position was prevented
gastric retention, and placement of the
catheter above the junction of the stomach
and esophagus
Gastrointestinal
Diarrhea Too fast infusion, hypertonic solution Slow down the infusion rate, change the
formulation, addition of a hypertonic agent formula, determine the feeding tube
to the formulation, displacement of the position, anti-infection, etc.
gastric tube into the small intestine,
disturbed gastric emptying, intolerance to
liquid diet, hypoalbuminemia, secondary
infection, or antibiotic-associated enteritis
Emesis Excessive perfusion rate, delayed gastric ~ Gastric emptying can be enhanced by right-
emptying, dysfunctional gastric emptying, sided recantation or reclining and
gastroesophageal reflux, catheter placed gastrointestinal motility medications
above the junction of stomach and
esophagus
Constipation Insufficient dietary fiber and fluid intake, Increase fluid intake, use of non-soluble
bedridden inactivity, and physiological cellulose and softener
dysfunction
Metabolic
Dehydration  Concentrated formulations, inadequate fluid Timely fluid replacement
intake, and increased fluid loss
Electrolyte Overhydration or underhydration, diarrhea, Correct the disorder and remove the cause
disturbance  renal insufficiency, refeeding syndrome,
insulin insufficiency
Refeeding Refeeding in patients with severe The nutrient supply was gradually increased
syndrome malnutrition or prolonged fasting in patients with long-term fasting or severe

malnutrition
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Table 7: Selection of EN preparations for children aged 0 to 10 years with CHD

Typology Subtype Formulation characteristics Suitable population
Ordinary energy 0-10 years
density
Whole protein ~ High energy 1.0 kcal/ml; Ideal protein-to-energy ratio; 0~1 years/weight <9 kg;
formula density 60% whey protein; Enriched with MCT, normal gastrointestinal
(Infant) LCP; Added FOS/GOS and nucleotides; function; fluid restriction
Safe osmolality
High energy 1.5 or 1 kcal/ml; Contains MCT and 1~10 years; normal
density FOS/GOS; Safe osmolality gastrointestinal function;
(Children) fluid restriction
Semi-elementary Short Free amino acids + short peptides; 0~12 months, limited
formulations peptide Enriched with MCT, LCP; Enriched with digestion and absorption
(Infant) glutamine; Lactose-free; Low osmolality
Short Short pure peptide; Enriched with MCT; Restricted digestion and
peptide Lactose-free; Low osmolality absorption in children
(Children) 1-10 years of age
Elemental Free amino Free amino acid formula; Enriched with  Restricted digestion and
formulations acid MCT absorption
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Table 2: Commonly used nutritional screening tools for hospitalized patients with CHD

Screening Content of the screening

tools

Value of a
score (Score)

Score/Risk level

STRONG Severity of disease

Kids

STAMP

PNSS

Decreased nutritional intake
Weight reduction

Subjective clinical evaluation
Anthropometry

Nutritional intake

Risk of disease

Risk of disease

Nutritional intake
Anthropometry

0, 2
0, 1
0, 1
0, 1
0,1,3
0,2,3
0,2,3
0, 1
0,1,2
0,1,2,3

0 point: Low risk
1-3 points: Medium risk
4-5 points: High risk

0—1 points: Low risk
2-3 points: Medium risk
4 or more points: High risk

The total score of disease risk + nutritional
intake + anthropometry >2 points
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Table 10: Recommended amount of intravenous glucose infusion for infants and children with CHD (g/kg.d)

Age Day 1 Day 2 Day 3 Day 4
1~3 year(s) 6 8 10 12~14
3~6 years 4 6 8 10~12

>6 years 3 5 8 <10
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Table 5: Common routes and indications for EN support in children with CHD

Routes

Indications

Notes

Oral feeding

Nasogastric
tube (NG)

Nasoduodenal
tube (NJ)

Orogastric
tube (OG)

Normal swallowing function and ability
to consume adequate energy and
nutrients orally

Patients with short-term (<4 to 6 weeks)
and no risk of aspiration

Those prone to aspiration; delayed
gastric emptying; severe esophageal
reflux; severe cleft palate

Premature infants or those with posterior
nasal aperture atresia

In patients with severe pulmonary disease,
rapid Infusion should be avoided to cause
gastric hyperinflation and diaphragmatic
elevation resulting in respiratory distress

Gastroscopic tube placement or blind insertion
(application of pro-gastric drugs prior to tube
placement can help improve the success rate
of blind insertion)

In patients with severe pulmonary disease,
rapid Infusion should be avoided to cause
gastric hyperinflation and diaphragmatic
elevation resulting in respiratory distress
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Table 12: Recommended daily electrolyte requirements for PN in infants and children with CHD

Age Na K Ca P Mg
mmol’kg.d mmol/kg.d mg(mmol)kgd  mg(mmol)kgd  mg(mmol)kg.d
0~6 month(s)  2.0~4.0 2.0~4.0 32 (0.8) 14 (0.5) 5(0.2)
7~12 months 2.0~4.0 2.0~4.0 20 (0.5) 15 (0.5) 4.2 (0.2)
1~13 year(s) 2.0~4.0 2.0~4.0 11 (0.2) 6 (0.2) 2.4 (0.1)
14~18 years 2.0~4.0 2.0~4.0 7 (0.2) 6 (0.2) 2.4 (0.1)
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Table 14: PN monitoring

Event Week 1 Post-stabilization
Intake Energy (kcal/(kg.d)) qd qd

Protein (g/(kg.d)) qd qd
Clinical Skin elasticity, fontanelle qd qd
symptoms  Jayndice, edema qd qd
Growth Weight qd~qod biw~tiw
parameter  Head circumference qw qw

Body length qw qw

Fluid In and out qd qd

balance

Laboratory Blood count biw~tiw qw~biw

test Blood Na, K, Cl Biw (or 1d after qw (or 1d after adjustment of
adjustment of electrolyte dosage)
electrolyte dosage)

Blood Ca biw qw

Blood P, Mg qw pm

Trace element pm pm (Hepatic and renal insufficiency,
long-term use of PN)

Liver function qw qwW~qow

Renal function qw qwW~qow

Total plasma triglycerides, qw pm

total cholesterol*

Blood glucose qd~qid prm (After formula adjustment or
clinical signs of hypoglycemia or
hyperglycemia)

Urine sugar (when blood as above as above

sugar monitoring is not

possible)

Central Oozing bid~tid bid~tid
vein

Catheter Swelling of limbs bid~tid bid~tid
monitoring - Skin color bid~tid bid~tid

Note: *Infusion of fat-emulsion-containing nutrient solutions should be suspended for 6 h prior to specimen collection for lipid
determination.





