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Nutritional support for children during critical illness: ESPNIC Clinical Recommendations

Question 1: In critically ill children, should nutritional status be assessed and what is the optimal method to assess nutritional status?
Defining malnutrition in the critically ill child is challenging, and studies that have reported prevalence of malnutrition and associations with outcome have used various parameters, making comparison difficult. Being undernourished upon PICU admission, defined according to static anthropometric parameters, has a high prevalence, ranging from 12 to 55%.1-5 This varies depending on the underlying condition and primary diagnosis, country, level of income and nutritional status indices used. Being undernourished upon PICU admission is associated with suboptimal outcomes: increased mortality, length of stay, ventilation duration, hospital acquired infections and suboptimal cardiovascular function.1-3,6-16 The prevalence of overweight and obesity varies too, depending on the respective overall population prevalence and the impact of obesity on PICU outcomes (e.g mortality, length of stay) remains unclear with contradictory results.2,6,17-21 Loss of muscle mass also occurs during critical illness, but insufficient data is available to assess its relationship to PICU acquired weakness.22-25 Currently no evidence exists that the (nutritional) treatment should be different in critically ill children who are assessed as (at risk for becoming) undernourished. Based on the evidence and expert opinion we therefore recommend an overall nutritional assessment to be systematically performed upon and during PICU admission to allow for a risk assessment of impaired outcomes and to integrate nutritional status evolution during PICU stay as a core outcome in future trials. 

Recommendation 1.1: The assessment of nutritional status is recommended in critically ill children at admission and throughout their PICU admission (Strong consensus) SIGN recommendation Grade GCP

It is proposed that nutritional status assessment should not solely rely on a static assessment at admission but should include a longitudinal assessment until full recovery. A holistic definition of PICU malnutrition, combining severity, chronicity, aetiology, mechanisms of nutrient imbalance, and its impact on outcomes has been published.26,27 Several techniques, such as biological markers (e.g. albuminemia), bioelectric impedance spectroscopy analysis, CT scanning, DEXA, and MRI have been proposed in assessing nutritional status, but have not shown to be clinically useful in the PICU setting.28-30 Muscle thickness ultrasound assessment has been found to be a reproducible surrogate of muscle mass assessment in critically ill children, but the distinction between muscle mass and fat mass loss remains challenging.24,31 No nutritional risk score is validated in critically ill children.32,33 Anthropometric measurements can be considered in the PICU setting, while taking into account fluid overload, which impacts the accuracy of weight. Mid upper arm circumference may be a good surrogate to assess nutritional status, as it is less affected by fluid overload. Height cannot be accurately measured according to World Health Organization guidelines in the critically ill child. However, PICU healthcare training improves nutritional status assessment based on anthropometric measurements.34 Based on expert opinion and international recommendations, we recommend that anthropometric measurements such as weight for height/length or body mass index, or mid upper arm circumference z-score should be used to assess acute malnutrition, whereas height for age can be used to diagnose chronic malnutrition. These should all be expressed as z-scores for age and gender, according to validated references and cut off values. 

Recommendation 1.2: It is recommended to perform anthropometric measurements on admission and regularly during admission, and to express these measurements in z-scores, including weight, height/length, mid upper arm circumference and in young children head circumference (Strong consensus) SIGN recommendation Grade GCP

Question 2: In critically ill children, when should enteral nutrition be commenced and how should it be increased? 
EN remains the preferred route for feeding the critically ill child. The definition of early EN varies between initiation of EN within 6, 24 or 48 hours of PICU admission.35-39 We identified one RCT and 20 prospective and retrospective observational studies. Overall, ability for early EN was associated with improved outcome.37-42 The small RCT in critically ill children examined early (6-24 hour) vs late EN (>24 hour) on length of PICU stay, and found no statistically significant difference in outcomes, but a trend to improved survival in the early feeding group.43 They did demonstrate it was feasible to feed children within 24 hours of PICU admission with few adverse effects and feeding complications. A retrospective cohort study found that receiving 25% of the cumulative caloric goal of EN in the first 48 hours in PICU was associated with a reduced mortality.41 
Cohort studies show early enteral feeds (<24 hrs) can be safely initiated within 24 hours in critically ill children, including even those with single ventricle cardiac physiology.5,35,44,45 Early enteral feeds may improve nutritional delivery particularly when used in conjunction with locally adapted feeding protocols.44-47 However, in critically ill children, expected impairment of gut perfusion remains a main barrier to early enteral feeding.48-51 In general, in the absence of absolute contraindications (e.g. (suspected) necrotizing enterocolitis (NEC), bowel ischemia) we recommend starting EN within 24 hours in PICU. 

Recommendation 2.1:    It is recommended to commence enteral nutrition within 24 hours of admission unless contraindicated (Strong consensus). SIGN recommendation grade D

Advancing feeds in a stepwise fashion has been shown to be an effective way to initiate and advance nutritional support until the goal rate of feed or until the goal volume is achieved.5,44,52 This is discussed further in the recommendation around feeding protocols (Question 14: Recommendation 14.1) A consistent and formal method of advancing feeds (via a protocol) has been of most value in high risk groups of critically ill children. Based on studies and expert opinion, we recommend using a feeding protocol with a stepwise algorithm to advance enteral intake. 

Recommendation 2.2:    It is recommended to increase enteral nutrition in a stepwise fashion until delivery goal is achieved using a feeding protocol or guideline (Strong consensus). SIGN recommendation grade D

Question 3: In critically ill children on hemodynamic support (vasoactive medications, extracorporeal life support ECLS) does enteral feeding compared to no enteral feeding affect outcomes?   
Children and infants on hemodynamic support may experience non-severe gastrointestinal complications, but this should not necessarily prevent enteral feeding.53 The splanchnic perfusion of hemodynamically unstable critically ill children is at risk, with impaired gut perfusion and impaired intestinal barrier function.54,55 EN under these circumstances may be perceived to be potentially harmful with the risk of intestinal ischemia and bacterial translocation, leading to increased risk of gastrointestinal complications such as bowel ischemia, perforation, NEC and sepsis due to bacterial translocation.56 However, the risk in term neonates and children is not as high as that seen in preterm infants, who have extreme gut immaturity, so data from preterm neonates should not be extrapolated to the PICU population. Furthermore, EN may even be protective from gastrointestinal complications.57 The search identified 19 publications relevant to this question, primarily in neonates on ECLS, infants post-cardiac surgery (Norwood Procedure) and some with circulatory shock on vasoactive medications. Most are cohort and retrospective studies with a high risk of bias. We were able to pool the results on mortality of two observational studies in a meta-analysis, which showed that the introduction of enteral nutrition, as compared with no enteral nutrition, in children on mechanical and/or pharmaceutical hemodynamic support was associated with lower mortality (OR 0.37, [95%CI 0.17-0.82]) (Metanalysis 1; supplementary file 6).61,64 Two specific higher-risk neonatal groups have been studied more extensively. The first is neonates on ECLS, the second, neonates before and after congenital heart surgery. Four small single centre studies examined enteral nutrition in neonates on ECLS.58-61 Findings showed that EN improved gut hormone profiles, did not modify the intestinal barrier, and did not increase adverse outcomes such as sepsis. Two retrospective studies involving older children on ECLS found no increase in adverse outcomes in children receiving enteral nutrition.62,63 One study found an association towards improved survival in those capable to receive more EN.62 Based on these studies and expert opinion, we recommend starting early EN in neonates and children who are stable on ECLS.

Recommendation 3.1: Early enteral nutrition is recommended in term neonates who are stable on ECLS. (consensus) SIGN recommendation grade D

Recommendation 3.2: Early enteral nutrition is recommended in children who are stable on ECLS (strong consensus) SIGN recommendation grade D

Three studies evaluated the safety and tolerance of enteral feeding of children receiving vasoactive drugs (inotropes/vasopressors).64-66 One study reported gastrointestinal (GI) side effects in 30% of the study population, resulting in interruptions to EN in 70%. A retrospective cohort study of children fed post-pyloric, also found a higher rate of GI complications in shocked (30%) vs non-shocked (9.5%) children.66 Another cohort study however found no difference in GI complications in children receiving vasoactive medications.64
[bookmark: _heading=h.gjdgxs]Ten studies identified were performed with infants prior to or after congenital heart surgery. Four of these studied infants after stage one surgery for hypoplastic heart syndrome (HLHS), although specific use and dosing of inotropes and/or vasopressors were not reported in all studies.36,44,67,68 Based on expert opinion, we felt these studies did contribute to the evidence for question 3. One small RCT involving 15 infants was identified, examining early feeding after infant congenital heart surgery. This trial compared early (within 4-6h) trophic feeds with no enteral feeding for first 48 hours. They reported a shorter duration of mechanical ventilation (p=0.05) without a difference in GI complications in the fed group, concluding that it was both safe and feasible to enterally feed these infants early with trophic feeds.69 Four studies were identified which investigated the impact of an enteral feeding protocol, predominantly with a before and after design, in infants with single ventricle physiology.36,44,67,70 The discussion regarding the role of feeding protocols can be found in Q14. In these studies identified, enteral feeding did not increase GI complications, mortality or incidence of NEC.68,70-73 All studies used a protocol to guide EN advancement. It was suggested that providing EN in these infants may actually be protective for the development of NEC.36,67 Based on expert opinion, we recommend early EN for neonates and children who are stable on vasoactive drugs and/or after cardiac surgery. The role of (trophic) enteral nutrition to protect the intestinal tract (eg. stress ulcer prophylaxis) was beyond the scope of the search. No recommendation however, can currently be made on how best to monitor gastrointestinal perfusion in infants and children on hemodynamic support. Limited new research suggests that splanchnic oximetry (gut near infrared spectrometry) may be beneficial in addition to usual clinical and biochemical parameters.74

Recommendation 3.3: Early enteral nutrition is recommended in term neonates who are stable on pharmaceutical hemodynamic support (consensus) SIGN Grade GCP 

Recommendation 3.4: Early enteral nutrition is recommended in children who are stable on pharmaceutical hemodynamic support (strong consensus) SIGN recommendation Grade D

Recommendation 3.5: Early enteral nutrition is recommended in children after cardiac surgery (consensus) SIGN recommendation Grade C

Question 4: In critically ill term neonates with umbilical arterial catheters and/or PGE1 infusions,  does enteral feeding impact on adverse events? 
As discussed mentioned, term neonates comprise around 32% of the PICU population, and this is higher in cardiac intensive care units.75 The use of umbilical arterial (UAC)  is related to organisational practice, yet having these lines in situ impacts on clinicians’ willingness to feed enterally.76 There is no research in term infants with venous catheters, but a randomised trial and a prospective observational study in preterm infants showed that the presence of a UAC did not negatively affect mesenteric blood flow during feeding or the risk of NEC.77,78 Therefore, as it is unlikely that enteral feeding in term neonates with a UAC would pose more risk than in a preterm infant, based on these studies and expert opinion we recommend considering EN in critically ill term neonates with umbilical arterial catheters. 

Recommendation 4.1: Enteral nutrition should be considered in term neonates with umbilical arterial catheters (strong consensus) SIGN recommendation grade GCP 

Having an open ductus arteriosus (DA), causes run off to the lower pressure pulmonary circulation, thus reducing the amount of blood perfusion of the gut and increasing the risk of intestinal ischemia.80 Prostaglandin infusion (PGE1) is used to maintain patency of the DA, in neonates with critical duct-dependant congenital heart disease and is perceived to increase the risk of GI complications.81 There are no trials comparing enteral feeding to not feeding in neonates receiving therapeutic PGE1, but a number of cohort studies, including a very large study of 6710 neonates, have shown it to be feasible and safe, without increased risk of NEC.82 We recommend to consider EN in these term neonates, if they can be managed in a critical care unit with access to adequate observation and monitoring of systemic and gut perfusion to detect GI complications early.

Recommendation 4.2: Enteral nutrition should be considered in critically ill term neonates on PGE1 infusion if managed in a critical care unit with adequate observation and monitoring (strong consensus) SIGN recommendation grade D

Question 5: In critically ill children what are their energy requirements?
During the different phases of critical illness there is a considerable risk for an energy imbalance. Critically ill children can present with a variety of metabolic states categorized as hypometabolic (measured resting energy expenditure [MREE], <90% of predicted), normal metabolic (MREE, 90%–110% predicted), and hypermetabolic (MREE, >110% predicted). Both under and over nutrition are associated with worse outcomes.83,84 Currently, studies investigating energy intake in critically ill children have focused primarily on the achievement of a positive nitrogen balance as outcome measure.85-88 A systematic review, which included nine studies on enteral and parenteral energy intake, and a longitudinal observational study with 74 ventilated critically ill children on EN found a similar amount of minimum energy intake (±57 kcal/kg/d) to equilibrate nitrogen balance.89,90 Another observational study found a slightly higher intake of 66 kcal/kg/d on day 5 to be associated with a positive nitrogen balance.91 However, currently no studies have investigated whether a positive nitrogen balance impacts outcome in PICU. Observational studies do suggest a positive association between the adequacy of energy intake and improved outcomes in the PICU population.41,83,84 Two studies found that an intake respectively of more than 66.7% and 80% of the estimated energy goal were significantly associated with a reduced mortality in critically ill children receiving mechanical ventilation.41,84 A multicentre observational study in critically ill children showed an association between a higher enteral achievement of caloric goals (>66.7%) and a reduced 60-day mortality.84 These studies did not take the phase of illness into account. In the acute phase, energy production pathways are altered and alternative substrates are used, with endogenous energy production providing a substantial part of requirements. In this period, therefore, the risk of caloric overfeeding is increased, which is increasingly being recognized to impair clinical outcome. A retrospective cohort reported a prolonged PICU and hospital length of stay in children who received more calories than their measured REE (>110% of MREE) as compared with children who received a caloric intake 90-110% of MREE.83 In a large international, multicentre PEPaNIC (Paediatric Early versus Late Parenteral Nutrition in Critically Illness) RCT withholding parenteral nutrition (PN) until day eight, as compared with starting PN early (<24 hrs) when EN was insufficient, and thus accepting significantly lower caloric intakes during the first week, decreased nosocomial infections and accelerated recovery.92 Current evidence does not support achievement of 100% or more of energy goals during the acute phase of critical illness. Based on strong consensus of expert opinion, we recommend once the child is past the acute phase of critical illness, clinicians should take into account the energy debt accumulated during the first phase, the energy needed for physical activity, rehabilitation and growth and energy requirements increase.93

5.1. In the acute phase, energy intake provided to critically ill children should not exceed resting energy expenditure (strong consensus) SIGN recommendation Grade C

5.2. After the acute phase, energy intake provided to critically ill children should account for energy debt, physical activity, rehabilitation and growth (strong consensus) SIGN recommendation Grade GCP

Question 6: In critically ill children, what is the most accurate method of determining or predicting energy expenditure?
In critically ill children, determining their accurate energy expenditure is important in order to be able to prescribe an optimal energy intake in the different phases of illness. Estimating energy expenditure by equations still lack accuracy.85,94-105 MREE by indirect calorimetry (IC) remains the most accurate method. However, it is time-consuming, only available in a minority of PICUs and feasible in a limited number of critically ill patients.106,107 Despite these practical constraints and the instability of resting energy expenditure (REE) in mechanically ventilated patients, it seems reasonable to consider IC measurements beyond the acute phase of illness. 

6.1 Measuring resting energy expenditure using a validated indirect calorimeter should be considered to guide nutritional support in critically ill infants and children after the acute phase (strong consensus) SIGN Grade GCP

In the absence of IC measurement, clinicians frequently estimate REE by using predictive equations. Numerous equations are published for critically ill children but, as mentioned above, still lack accuracy.94,108,109 Multicentre surveys demonstrate that the equations most commonly used in PICUs are the equations of Schofield using weight110 and the equation of the World Health Organisation developed111 for healthy children.112,113 A recent systematic review analysed 22 observational studies that compared REE estimated by predictive equations with MREE by IC in critically ill children on mechanical ventilation.114 The majority of equations underestimated and/or overestimated MREE. The equations of Schofield and the tables of Talbot were the least inaccurate although they predicted REE within ±15% of MREE in only approximately 50% of cases. Based on these data we currently recommend using the Schofield equation using weight. A simplified equation which uses the measured volumetric carbon dioxide production was developed in critically ill children on mechanical ventilation.109 Currently, this method has been found to be accurate only in children weighing more than 15kg but might be able to replace prediction equations.115-117

6.2 The Schofield equation (for age and gender and using an accurate weight) is recommended to estimate resting energy expenditure (strong consensus) SIGN recommendation Grade C

Question 7: In critically ill children, what are the macronutrient requirements?
The macronutrients (carbohydrates, lipids, proteins/amino acids) are the building blocks of cells and organs and have specific functions during health and disease. However, they also contribute to the energy intake and thus cannot be described without taking into account the role of energy during critical illness which was described in Q6. It is now accepted that during critical illness, the caloric and macronutrient requirements evolve with the patients’ phase of illness. The effect on clinical outcome of timing, dosing target and route of these individual macronutrients as well as the optimal balance in which they should be provided have not been studied extensively. 

7.1 What is the recommended glucose intake?
Carbohydrates provide approximately half (40-60%) of the caloric intake in normal diets. Glucose, as the main representative of the carbohydrates, is utilized by all cells. Based on observational studies and expert consensus the recommended glucose intake should take into account 1) the evolving energy requirements dependent on the phase of illness, 2) the balance between avoiding hypo- and hyperglycemia as well as glucose variability, and 3) glucose administered outside nutrition (e.g. with medication). There is no literature on different levels of enteral glucose intake in relation with outcome in the PICU. Data on the timing and dosing therefore are primarily based on studies with parenteral glucose intake. During the acute phase the patient is most at risk of energy overfeeding and endogenous glucose production can cover a substantial part of energy requirements and maintain glucose levels.118 Moreover, critically ill children often develop insulin resistance during the acute phase, which increases the risk of hyperglycemia.119 During the following stable and recovery phases, these issues will resolve and more glucose intake can be provided. 
Hyperglycemia during paediatric critical illness has been consistently associated with impaired outcome.120-122 Both the definitions of normoglycaemia, and the role of insulin therapy and tight glucose control fall outside these current recommendations. Two RCTs using stable isotope techniques showed that a parenteral glucose intake of 2.5 mg/kg/min (3.6 g/kg/day) versus 5.0 mg/kg/min (7.2 g/kg/day) in critically ill post-surgical infants safely lowered high glucose levels, without causing hypoglycemia or affecting protein metabolism.123,124 In the PEPaNIC (Paediatric Early versus Late Parenteral Nutrition in Critically Illness) RCT, withholding PN during the first week was clinically superior, but increased the incidence of hypoglycaemia (9.1% in Late-PN group versus 4.8% in Early-PN group).92 Two year follow-up of this RCT found that withholding PN did not negatively affect survival, health status, anthropometrics and neurocognitive development, and actually showed improvement in certain areas of neurocognitive development.125 Nonetheless, a secondary analysis of this trial found that a higher daily glucose intake up to day 3 was associated with a lower likelihood of acquiring new infections.126 Although a higher intake of glucose was associated with a protective effect, a higher blood glucose level was an independent risk factor for new infections. This apparent discrepancy might be explained by a role for insulin sensitivity in relation with outcome. Based on these studies and on expert consensus we recommend the titration of glucose intake to avoid both hypo- as well as hyperglycaemia, and to provide lower glucose intake during the acute phase of critical illness.

Recommendation 7.1: (Parenteral) glucose provision should be sufficient to avoid hypoglycemia but not excessive to prevent hyperglycemia (strong consensus) SIGN recommendation Grade D

7.2 What is the recommended lipid intake?
Currently no studies exist looking at different amounts of (par)enteral lipids and the effect on the outcomes of critically ill children. There is insufficient evidence to make any recommendations on the optimal timing and dosing of lipid intake in the PICU. No studies have investigated the effect of different amounts of enteral lipid intakes, and therefore all recommendations are based on studies with parenteral lipid intake. Generally, lipids contribute to 25 to 50% of non-protein calories to the recommended nutritional intake. Furthermore, lipids provide essential fatty acids (EFAs) and help with the delivery of the lipid soluble vitamins A, D, E, and K. Deficiency in essentially free fatty acids is avoided by providing enough energy intake coming from lipid sources. A deficit of EFAs can occur within 10 days without any intake of lipids, or without long chain fatty acids and just medium chain triglycerides. In the PEPaNIC RCT, withholding PN, and thus parenteral lipid intake, during the first week reduced the incidence of new infections and the duration of PICU dependency.92 However, a secondary analysis of this trial showed that a higher daily lipid intake from day 4 to day 7 in the PICU was associated with earlier live PICU discharge.126 No significant associations were found between lipid intake and the likelihood of acquiring new infections, or the likelihood of earlier (live) weaning from mechanical ventilation. This secondary analysis did not separate the effects of enteral versus parenteral lipid intake. Once critically ill children require (supplemental) PN, intravenous lipid emulsions should be an integral part of PN.127 Based on the maximal lipid oxidation in infants the (parenteral) lipid intake should not exceed 3 g/kg/day.127 Whether lipid clearance during critical illness is reduced is not clear, but monitoring triglycerides with adjustment of lipid intake is argumentative. 
Most studies concerning the composition of lipid emulsions have been performed in populations outside the PICU, mainly in (preterm) infants and neonates, children with intestinal failure on long-term PN, and in adults. Only one small RCT has examined the effect of different lipid emulsions in PICU patients, which showed no difference in clinical outcomes, except lower TNFα levels with composite lipid emulsions compared with a pure soy oil lipid emulsion.128 Composite lipids emulsions have more inflammation modulatory properties and anti-oxidative effects than pure soy oil lipid emulsions, and may be more suitable for critically ill patients.127 They are reported to reduce cholestasis and liver dysfunction, reduce mortality and liver transplantation. Recent adult guidelines recommend the use of mixed lipids emulsion with olive, fish oil and MCT particularly for surgical patients.129,130 Given that a lipid is required as part of PN, and based on research in adults, neonates and children with long term PN outside of the PICU, our expert opinion is that the use of composite lipid emulsions (soybean oil and fish oil, and/or MCT and/or olive oil) in critically ill children is recommended. 

 Recommendation 7.2: When parenteral nutrition is used, composite lipid emulsions with or without fish oil should be considered as the first-choice treatment (consensus) SIGN recommendation Grade GCP

7.3 What is the recommended protein/amino acid intake?
Proteins consist of chains of amino acid, which composition is the most important aspect from a nutritional perspective. Amino acids are the main structural and functional building blocks for all cells and organs. When amino acids cannot be utilized, they are oxidized, protein has a definite but small part in energy supply. The gut utilises a significant amount of amino acids (splanchnic uptake) which varies in between the different amino acids and with age.131 Thus, parenteral amino acid requirements are lower than those in children being enterally fed. Protein/amino acid requirements are currently not possible to determine at the patient bedside. During physiological circumstances, protein intake which avoids a negative protein balance can be considered a minimal requirement. During critical illness, protein synthesis and breakdown are both increased several folds, with a negative whole body protein balance. Furthermore, several pathways and signalling functions, outside the protein building function of amino acids, might be upregulated, whereas clearance mechanisms (e.g. renal function) may be impaired. Thus, protein/amino acid requirements in critically ill children should not be deduced from healthy children. Currently no studies exist looking at different amounts of protein/amino acid intake in relation with (functional) outcome in critically ill children. There are, however, several studies using protein balance as an outcome.87,132-135 These studies show that higher protein/amino acid intakes improved protein/nitrogen balance in critically ill children. High protein intake studies (up to 3.1 g/kg/day) found that despite the protein balance being more positive, protein breakdown was also increased.132,136,137 Furthermore, one RCT showed that with such high protein intakes, lipolysis and endogenous glucose production also increased.133 A systematic review showed that a protein intake of 1.5 g/kg/day (with the provision of 57 kcal/kg/day) was required to achieve a positive protein balance.89 Interestingly, this intake corroborated the findings of a cohort study in critically ill children who were ventilated for more than 72 hours.90 

Recommendation 7.3a: For critically ill infants and children on enteral nutrition a minimum enteral protein intake of 1.5 g/kg/d can be considered to avoid negative protein balance (consensus)  SIGN grade B

During physiological circumstances an optimal protein intake with sufficient amounts of energy, in combination with exercise are essential prerequisites for muscle protein anabolism. The loss of lean body mass with its associated worse outcomes, are hallmarks of critical illness and caused by increased protein breakdown.138 However, increasing amounts of protein intake do not increase muscle synthesis rates due to anabolic resistance, and have not shown to be able to prevent or treat loss of lean body mass during critical illness.139 Currently, no studies have shown that early or high protein/amino acid intakes, or the achievement of positive protein balance, improve clinical outcomes in the PICU. A small pilot trial has recently shown safety and feasibility of such trial.140 Observational studies suggested that a higher protein intake is associated with improved outcome in PICU.141,142 The largest study found an association between insufficient protein intake (intake <60% adequacy of prescribed; 1.14 g/kg/day) in the PICU and increased mortality.141 However, lower nutritional intake was associated with higher severity of illness.141 A secondary analysis of the PEPaNIC study reported that a higher total daily amino acid intake up to day 5 in PICU was associated with an increased likelihood of acquiring new infections, and higher total amino acid intakes during the first week were also associated with a lower likelihood of earlier live weaning from mechanical ventilation and a lower likelihood of early live PICU discharge.126 Sensitivity analyses also showed that higher enteral amino acid intakes increased the likelihood of acquiring new infections. An increased risk of harm was associated with early amino acid administration, even at low doses and gradually increased up to a median of 1.15 g/kg/day for patients weighing up to 10 kg, 0.83 g/kg/day for patients weighing 10–20 kg, and 0.75 g/kg/day for patients weighing more than 20 kg.126 Thus the optimal timing, dose and composition of an optimal amino acid mixture for critically ill children remains unclear, but high doses appear harmful during the acute phase of critical illness. This requires future trials to investigate no or low protein intakes.  
Regarding enteral amino acid intake there are some considerations to take into account. Whereas enteral protein intake in critically ill children is highly influenced by the digestion rate and absorption, parenteral amino acid intake is directly available. Bypassing the intestines and liver, and thus the splanchnic uptake, lowers the total amino acid requirement in parenterally fed children, but can cause significant differences in the availability of specific amino acids.131 Furthermore, the intake of the individual parenteral amino acids is rather variable depending on the amino acid solutions used. Amino acid solutions are based on the convenience of adequate solubility and stability.143 Although the optimal amino acid composition for PN is uncertain, specific paediatric amino acid solutions are recommended. No recommendation on the quality and type of enteral protein in critically ill children can be made. 

Recommendation 7.3b: There is insufficient evidence available to support the use of additional protein/amino acid intake during the acute phase of illness (consensus)  SIGN grade D

Question 8: In critically ill children, do different feed formulas (polymeric vs. semi-elemental feed, standard vs. enriched formula) impact on clinical outcomes?

There is a paucity of evidence comparing different feed formulations in critically ill children.  Despite the lack of evidence, based on expert opinion, we recommend to use human milk as first choice if available in neonates and infants. If not, a standard polymeric formula should be used. In older children, a standard polymeric feed is first choice, again based on expert opinion. In infants and children who are intolerant of breast milk or conventional formulations, specialised formula milk may be indicated. 

8.1 Polymeric feeds should be considered as first choice for enteral nutrition in most critically ill children, unless there are contraindications (Strong consensus). SIGN recommendation Grade GCP

It is often challenging for critically ill children to receive their predicted nutritional requirements. Aside from the inability to deliver sufficient amounts of enteral intake to these children, they are often fluid restricted, exacerbating this.144-146 Furthermore, their critical illness often requires significant amounts of medications (adding to their fluid volume load) and further reducing the amounts of nutrition able to be delivered. The use of ready to use nutrient-energy dense formula can improve caloric and protein intake in fluid restricted patients. A protein and energy dense formula might provide larger amounts of nutrients, however the osmotic load of energy enhanced feeds should not exceed 400-450 mOsm/kg water as there is otherwise a risk of osmotic diarrhoea. Two RCTs in infants after congenital heart surgery were reviewed which compared enriched with standard enteral nutrition.147,148 One RCT described more weight gain in infants who received energy and protein enriched formula (1 kcal/ml) in comparison with standard formula (0.67 kcal/ml) despite a higher incidence of gastrointestinal intolerance.147 The other found no differences in length of stay, duration of ventilation, mortality or infection in infants who received enriched breast milk as compared with standard breast milk.148 No meta-analysis was possible on these two studies because of the different baseline feeding regiment (infant formula versus breast milk) but also because of insufficient reporting of the data distribution (missing confidence intervals of continuous value outcomes such as length of stay). Based on these studies and expert opinion we recommend consideration of the use of energy and protein enriched formula in children unable to receive nutritional targets due to fluid restrictions.

8.2 Protein and energy-dense formulations may be considered to support achievement of nutritional requirements in fluid-restricted critically ill children (Strong consensus). SIGN recommendation Grade B

Although no clear definition of nutritional intolerance exists, it is a widely used argument for the difficulties in feeding critically ill children.149 Hydrolysed peptide formulations, containing casein, whey and soya protein hydrolysates may be useful for infants with disaccharide or whole protein intolerance. Elemental formulations containing essential and nonessential amino acids may also be used in infants and children with whole protein intolerance. These feeds have a high osmolality, and a gradual introduction with monitoring of electrolyte and micronutrient status might be considered.
One prospective cohort study evaluated factors associated with the use of peptide-based formulations as first-line enteral feed prescription in critically ill children where enteral feeds were commenced within the first 48 hours of PICU admission.150 They found that physicians’ decision to use peptide-based formulation was greater in malnourished children, children who required fasting for more than 48h and children on α-adrenergic drugs. The use of peptide-based formulation was also associated with higher mortality and prolonged duration of invasive ventilation and intensive care stay, which might indicate the use in the more severely ill patient. Thus, a high selection bias in this study prevents strong conclusions. Based on expert opinion, we recommend considering peptide-based formulas in children for whom polymeric formulation is contra-indicated or poorly tolerated.

8.3 Peptide-based formulations may be considered to improve tolerance and progression of enteral feeding in children for whom polymeric formulation is contra-indicated or poorly tolerated (Strong consensus). SIGN recommendation Grade GCP

Question 9: In critically ill children, does pharmaconutrition (glutamine, lipids and/or micronutrients) impact on clinical outcomes?
Pharmaconutrition is defined as the use of nutrients in supraphysiological amounts to impact on metabolic pathways such as immunomodulation. Although there has been considerable interest in the immune modulating effects of specific nutrients, there remains a paucity of data in critically ill children.151-154 In children, the use of glutamine remains largely undefined with paucity of data regarding the benefits of glutamine as a pharmacological agent in paediatric critical illness.154 Conflicting results with respect to the benefits of glutamine supplementation have been reported in preterm infants, infants with gastrointestinal disease and surgery, burns and malnutrition.155-160 In children, two randomized studies investigated solely glutamine supplemented PN157,158; one observational study investigated solely glutamine enteral supplementation ; two randomized studies investigated a supplemental pharmaconutrition enteral cocktail (including glutamine)153-155. Two studies found a positive effect of enteral glutamine supplementation in the mediation of inflammation153,155. However, no impact on clinical outcomes was found. The specific impact of glutamine cannot be delineated from the impact of other nutrients in these studies. A meta-analysis including the two solely parenteral glutamine supplementation randomized studies showed no reduction in mortality (OR 0.75 [95%C 0.09-6.00]) or the occurrence of new infections (OR 1.47 [95%CI 0.89-2.43]) (Meta-analysis 2 and 3; supplementary fil 6). In conclusion, there is at present insufficient evidence to recommend the routine use of glutamine supplementation in paediatric critical illness. Immune enhancing diets containing pharmaconutrients including zinc, selenium, vitamin C may modulate the release of proinflammatory mediators. However, no effect on clinical outcomes including length of PICU stay, mortality and morbidity have been demonstrated. A small randomized trial which compared an enteral feed containing arginine, glutamine, omega 3 fatty acids and antioxidants (vitamin C, selenium and zinc) compared to a standard enteral feed in PICU patients found no difference in inflammatory mediators, secondary infections, duration of mechanical ventilation, length of stay or mortality rates.153 An RCT on the use of Zinc supplementation in critically ill infants found no difference in lung injury score length of hospital stay, and duration of mechanical ventilation. Zinc supplementation did not prevent infection in critically ill children, but supplementation may benefit those who are found to be deficient, particularly during the rehabilitation phase.161 Vitamin D deficiency in PICU setting is prevalent and associated with greater illness severity, multiple organ dysfunction, and mortality.162 Vitamin D deficiency is common amongst critically ill children, particularly those in northern latitudes, and should be monitored in at risk groups; such as breastfed infants and children with chronic disease.162 A previously published meta-analysis found the average 25(OH) vitamin D levels to be significantly lower in critically ill children than in healthy children with an association with culture positive sepsis, and increased mortality.162 Another RCT examined the effect of vitamin D supplementation in critically ill children with thermal injuries and found no significant differences in serum vitamin D levels between groups; although >10% of patients had low 25 (OH)D levels at the point of discharge.163 There is some evidence suggesting vitamin D supplementation could be beneficial in critically ill children found to be deficient, but no evidence regarding pharmaconutrition.

Recommendation 9.1: There is insufficient evidence to recommend the use of pharmaconutrition in critically ill children. (Strong consensus) SIGN recommendation Grade B

Question 10: In critically ill children, does continuous feeding compared to intermittent bolus gastric feeding impact on outcomes? 
Enteral gastric feeding can be delivered by different methods, either continuously (via a pump), intermittently (via pump over a defined time period) or bolus (usually via gravity in a syringe). There are few studies to determine the best method. The studies retrieved compared the delivery of gastric feeds either continuously with a feeding pump or as two or four hourly bolus feeding with a syringe (by gravity) or feeding pump respectively.164-166 A meta-analysis of two small RCTs showed no differences in the tolerance of gastric feeding in terms of diarrhea (OR 1.06, [95% CI 0.30-3.73]) or vomiting (OR 1.11, [95% CI 0.41-3.01]) when comparing continuous feeding and intermittent/bolus feeding (Meta-analysis 4 and 5; supplementary file 6). One small RCT suggested that energy goals may be achieved faster when children were fed continuously.166 In children with congenital heart disease undergoing stage 1 corrective surgery (Norwood/Hybrid) there was no significant difference in growth parameters when comparing bolus feeds, with a combination of continuous and bolus feeding in the short term, but there was no long-term follow-up.167 Both adult critical care studies and studies in preterm infants (<1500g) have shown mixed results regarding feeding method and no superiority of either method.168 Therefore, no recommendations can be made for either method, and the choice of feeding regimen used may consider the nursing time (and staffing) taken to deliver the feed, equipment (feeding pumps) available and the clinical condition of the child. 

Recommendation 10.1: There is no evidence to suggest that either continuous or intermittent/bolus feeds are superior in delivering gastric feeds in critically ill children (Strong consensus) SIGN recommendation Grade B

Question 11: In critically ill children, does gastric feeding compared to post-pyloric feeding impact on clinical outcomes?
Most intensive care units feed children via the gastric route as standard practice. Only three small RCTs have compared gastric with post-pyloric feeding in critically ill children and all found no significant difference in Ventilator Associated Pneumonia (VAP), pulmonary aspiration or in the percentage of energy goals achieved.169-171 A meta-analysis of two of these RCTs showed no difference in the risk of aspiration (OR 1.57, [95%CI 0.19-12.99]) when comparing post-pyloric with gastric feeding (Meta-analysis 6; supplementary file 6).169,170 In addition, post-pyloric feeding often failed because of failure to place the post pyloric tube. Based on the evidence and expert consensus we recommend gastric feeding as a first choice of method to feed critically ill children. 

Recommendation 11.1: Gastric feeding is as safe as post pyloric feeding in the majority of critically ill children (consensus) SIGN recommendation Grade C

Recommendation 11.2: Gastric feeding is not inferior to post pyloric feeding in the majority of critically ill children (consensus) SIGN recommendation Grade D

There are, however, subgroups of PICU patients that have an increased risk of aspiration (non-invasive ventilation), during weaning of ventilation or require frequent fasting for procedures or surgery (e.g. severe burns) in which post-pyloric feeding has been shown to be feasible.172 The feasibility of post-pyloric feeding has also been shown in critically ill children after cardiac surgery and in children with shock.66,73 A systematic review with meta-analysis in adult critical care pooled data from 14 trials involving 1109 patients showed that post-pyloric feeding was associated with lower rates of VAP compared to gastric feeding, with lower quality evidence showing post-pyloric feeding could increase the total nutritional intake delivered to the patient.173 Post-pyloric feeding is feasible in critically ill children and can be considered in children with a high risk of aspiration, or to reduce periods of fasting for procedures (e.g. burn patients).172,174

Recommendation 11.3: Post-pyloric feeding can be considered for critically ill children at high risk of aspiration or requiring frequent fasting for surgery or procedures (consensus) SIGN recommendation grade GCP

Question 12: In critically ill children does routine Gastric Residual Volume (GRV) to guide enteral feeding  impact on outcomes?
The frequent and routine practice of GRV measurement is common in PICUs internationally, yet the validity of this practice is not supported, and the practice is being increasingly questioned in paediatric critical care.175 The doubts around validity relate to both the measurement of GRV, which has been shown to be inaccurate, and the lack of any evidence for the arbitrary thresholds used to determine the level of acceptability of the volume.176,177 Only one small retrospective comparison study in paediatric critically ill children has been undertaken, which has shown no harm (VAP or NEC) from not measuring GRV routinely.178 However, evidence from adult and neonatal intensive care suggests that not routinely measuring GRV may increase the achievement and speed of reaching energy targets without increasing the risk of adverse events (VAP, NEC). 149,179-181 

Recommendation 12.1: Routine measurement of Gastric Residual Volume in critically ill children is not recommended (Strong consensus) SIGN recommendation Grade D

Question 13: In critically ill children, do prokinetics impact on clinical outcomes?
Despite the widespread use of prokinetic agents to improve feed tolerance in critically ill children, no evidence exists to support their effectiveness on relevant clinical outcomes in the critically ill child.113,154 The only RCT available failed to show improvement of post pyloric tube placement using intravenous erythromycin as prokinetic doses, but reported the cardiovascular safety of its use.182 In the adult ICU setting prokinetic agents (i.e. metoclopramide and erythromycin) may reduce the risk of developing high residual volumes and increase the success of post pyloric tube placement, but failed to show significant impact on mortality, length of stay, and pneumonia.183 No studies which applied to the question were retrieved. Therefore, we cannot recommend the use of prokinetic agents in critically ill children to improve gastric emptying and feeding tolerance. 

Recommendation 13.1: There is insufficient evidence to support the use of prokinetics in critically ill children to improve gastric emptying and feed tolerance (Strong consensus) SIGN recommendation Grade GCP

Question 14: In critically ill children, when should Parenteral Nutrition (PN) be started?
EN is first choice and considered superior over PN. However, the provision of EN to critically ill children can be challenging, and is often insufficient to meet predicted energy needs. In more than half of PICUs worldwide, PN is initiated within 48 hours after admission to PICU.112 Only one study, investigating the timing of (supplemental) PN in paediatric critical care exists. The PEPaNIC RCT revealed that withholding PN during the first week in PICU, when EN was insufficient, was clinically superior to providing supplemental PN within the first 24-48 hours.92 Not using PN during the first week in PICU reduced the incidence of new infections and accelerated recovery. Children in both randomisation arms received EN when possible equally and were provided intravenous micronutrients. A secondary analysis showed that the early administration of amino acids, and not glucose or lipids, were associated with the harm caused by early PN.126 Furthermore, withholding PN during the first week decreased the direct medical costs for hospitalisation in critically ill children, beyond the expected lower costs for withholding PN.184 Sub-analyses of this trial showed that term neonates and children already acutely undernourished upon admission to the PICU also benefited from withholding PN during the first week.10,185 Withholding PN did increase the incidence of hypoglycaemia, especially in the term neonates. However, two year follow-up  demonstrated that withholding PN for one week did not negatively affect survival, anthropometrics, health status or neurocognitive development.125 Although the results of the PEPaNIC trial are consistent with some adult ICU trials186-188, the optimal timing of PN in the critically ill child is still not clear. 

Recommendation 14.1: Withholding parenteral nutrition for up to one week can be considered in critically ill term neonates and children when enteral nutrition is insufficient, independent of nutritional status, while providing micronutrients (consensus) SIGN recommendation grade B

Question 15. In critically ill children, does the use of a feeding protocols impact on clinical outcomes?
Feeding protocols or guidelines aim to produce simple written guidance enabling local clinical teams to deliver nutrition in a consistent manner. All thirteen studies (almost entirely before and after designs) and a previous systematic review found that the use of a protocol, as compared to no use of a protocol, improved the initiation of feeding, advancement of enteral feeding and reduces the time to achieve EN energy goals, in addition to reducing the GI complications (especially in high-risk patient groups).36,44,45,47,52,189-200 
Many studies investigating the use of a feeding protocol have focussed on high-risk neonates with single ventricle physiology, all demonstrating improved feeding outcomes and a reduction in the incidence of NEC both before and after surgical palliation.36,44,45  However, the five observational studies that could be pooled in a meta-analysis with the outcomes of mortality and NEC showed no difference between protocol and no protocol on mortality (OR 0.80 [95%CI 0.46-1.39]) (Meta-analysis 7; supplementary file 6). Three of these were in children with CHD and two in the general PICU population. Similarly, no differences were found when they were separated into the sub groups (CHD alone for mortality (OR 0.74 [95%CI 0.4-1.4] (Meta-analysis 8; supplementary file 6) or NEC (OR 0.46 [95%CI 0.17-1.29]) (Meta-analysis 9; supplementary file 6) or general PICU for mortality (OR 0.96 [95%CI 0.32-2.92]) (Meta-analysis 10; supplementary file 6) . Despite the lack of effect in the meta analysis, (due to the weak observational designs) but based on the eight studies and expert opinion, we still recommend the use of a protocol to guide enteral feeding in critically ill children, particularly in high risk groups such as CHD. Despite the simplicity of a protocol, a recent survey revealed that only around 30% of European PICUs has a written feeding protocol.76 

Recommendation 15.1: Enteral feeding protocols are recommended to improve time to initiation of EN and nutritional intake (Strong consensus) SIGN recommendation Grade C

Recommendation 15.2: Enteral feeding protocols are recommended for high-risk populations to improve nutritional intake and reduce adverse events (Strong consensus) SIGN recommendation Grade D
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