PiCO 4a and 4b long rationales: Composition of IV-MFT (outside Na and Cl)
PICO 4a and 4b: 
What is the optimal composition of IV maintenance fluid therapy in acute and critically ill children (glucose, K, Ca, P, Mg, Vitamins and trace elements)?
· PiCO 4a: What is the optimal glucose content of IV maintenance fluid therapy in acute and critically ill children?
· PiCO 4b: What is the optimal composition of IV maintenance fluid therapy in acute and critically ill children (K, Ca, P, Mg, Vitamins and trace elements)?

PiCO 4a: IV-MFT Glucose content 
Background and pathophysiology 
Recommendations around glucose intake are usually based on the amounts required for the endogenous glucose production rate and maximal glucose oxidation capacity [1]. Few kinetic studies are available for glucose utilisation in infants and children, and even fewer during the acute phase of critical illness. Glycemia homeostasis depends mainly on energy and glucose intakes, body stores, and regulatory hormones (e.g. insulin and counter-regulatory hormones), which can all be altered to a degree in acute or critical illness [2]. Intravenous maintenance fluid therapy (IV-MFT) is usually indicated when enteral feeding/fluid intake is insufficient. The glucose provided in IV-MFT aims to compensate for the deficit in energy intakes and avoid hypoglycaemia. Conversely, hyperglycaemia may be an adverse effect of IVM-FT.
Insufficient intake of carbohydrates leads to carbohydrate store oxidation and then to lipolysis; lipid stores are then used as an alternative source of energy. The lipolysis metabolic pathways lead to ketone body production, which may be responsible for vomiting, especially in younger children. The glucose requirements during acute illness are affected by the release of stress hormones, such as cortisol, glucagon and catecholamines leading to insulin resistance and hyperglycaemia. During this acute phase of critical illness, numerous factors can affect glucose homeostasis such as stress-induced insulin resistance, electrolyte disturbances and persistent endogenous gluconeogenesis [3].
Over-delivery of glucose, particularly during critical illness, may increase lipogenesis leading to fat tissue accumulation and hepatic steatosis and results in hypercapnia due to lipogenesis-related endogenous carbon dioxide production [4, 5]. Consequently, close glucose monitoring in critically ill children is essential to prevent hypo- and hyperglycaemia [6]. 
In children and young people in hospital with IV-MFT, the UK NICE guidelines recommend that blood glucose should be measured at least every 24 hours, and more frequently in children with a risk of hypoglycaemia [7, 8]. They also recommend the use of isotonic IV fluid solution with 5-10% added glucose in term neonates aged 8 days or over, while highlighting that this glucose concentration may be too low for younger term neonates (NICE Guidelines 2020). 
The question of tight glucose control using prophylactic insulin infusion has been debated in different populations including critically ill adults, children, and very-low birth weight infants. RCTs have not shown any clear benefits in children, with a higher incidence of hypoglycaemia [9], and higher risk of mortality in very-low birth weight infants [10].
IV-MFT survey of current practice 
A recent international survey on IV-MFT practices in acute and critically ill children [11], showed glucose provision in IV-MFT was considered important, with 46% always and 46% often prescribing glucose in IV-MFT. However, the age at which glucose was no longer considered mandatory in IV-MFT was very heterogeneous (large inter-quartile range of responses), with a median age of 12 years (IQR: 4.8-16). This shows the considerable variation in current practices as a result of the absence of clear recommendations. 
Adult IV-MFT recommendations
There is no evidence to support the use of glucose containing IV-MF in adult critically ill patients.
Published recommendations in other pediatric settings (outside the scope of the current guidelines)
Few nutritional guidelines for paediatric populations mention glucose intake. The European Society of Paediatric and Neonatal Intensive Care (ESPNIC) recommends that parenteral glucose provision in critically ill children should be sufficient to avoid hypoglycaemia but not excessive to prevent hyperglycaemia (Grade D recommendation) [6]. The nutrition guidelines for critically ill neonates of the European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) suggest theoretical glucose needs during different phases of critical illness in the preterm infants and term neonates [12]. These experts also recommend that in case of hyperglycaemia, an insulin infusion should be initiated if glucose levels remain > 10 mmol/L (180 mg/dL) despite reasonable adaptation of the glucose infusion rate, i.e. ~ 4 mg/kg/min (6 g/kg/d) in preterm infants and around 3 mg/kg/min (4 g/kg/d) in term neonates. The ESPGHAN guidelines on paediatric parenteral nutrition recommend parenteral glucose is also provided for newborns, infants and children according to body weight and phase of illness [13]. In the perioperative setting, a European consensus (2011) recommends the use of glucose 1 to 2.5% solutions to avoid hypoglycaemia, lipolysis or hyperglycaemia [14].
Results of the literature search, paper critical appraisal and meta-analysis 
Our literature search identified several studies assessing the impact of IV-MFT glucose on clinical outcomes in children. However, most studies had to be excluded and only four studies comparing different glucose IV-MFT intakes were able to be included; three randomised controlled trials (RCTs)  [15–17] and one observational study [18]. Two blinded cross-over RCTs, using stable isotope techniques, compared a glucose infusion providing 2.5 mg/kg/min (3.6 g/kg/day) versus 5.0 mg/kg/min (7.2 g/kg/day) in critically ill infants admitted to PICU after surgery [15, 17]. In the group receiving 5 mg/kg/min, patients were hyperglycaemic while in the groups receiving low glucose infusion, blood glucose concentrations were lower, but without causing hypoglycaemia or affecting protein metabolism. The authors concluded a reduced glucose infusion safely reduced hyperglycaemia, while maintaining normoglycaemia with increased endogenous glucose production. Although both studies used a rigorous methodology, they were very small with eight and eleven children included respectively, and these were only examined within the first 24 hours after PICU admission. 
More recently a non-blinded RCT in 130 children admitted to PICU after elective surgery was undertaken [16]. Sixty patients, (mean age: 56 ± 48 months) received IV-MFT containing 3.3% glucose (glucose/saline 1/3: 51 mEq/L sodium and 33 g/L glucose) and 70 patients (mean age: 71 ± 50) received IV-MFT with 5% glucose (glucose/saline 5/0.9%: 154 mEq/L sodium and 50 g/L glucose). There was no statistical difference in the mean glucose levels or in the incidence of hyperglycaemia measured on PICU admission, and 8, 24, and 48 hours following admission. The authors concluded that the use of fluids with 3.3% glucose in the post-operative period after general surgery maintains glucose levels in a similar range to patients receiving fluids with 5% glucose, with no difference in the incidence of hyperglycaemia. However, this study has some methodological weaknesses, especially the use of different maintenance fluid solutions (hypotonic versus isotonic) and no record of actual glucose intake during the study period. 
[bookmark: _heading=h.gq6j0dnys0m3]Lex et al. conducted a retrospective cohort study in paediatric patients following cardiac surgery [18], with the aim of characterizing the role of insulin and glucose content of maintenance fluid on the clinical outcomes of children undergoing cardiac surgery, and developed propensity score model to compare outcomes of children below 20 kg receiving 5% or 10% dextrose maintenance infusions. A total of 298 patient pairs were matched. In the 10% dextrose group, the incidence of pulmonary complications (13.09% vs. 22.5%, p < 0.01), low cardiac output (17.11% vs. 30.9%, p < 0.01), and severe infections (10.07% vs. 20.5%, p < 0.01) was higher than in the 5% dextrose group, and the duration of hospital stay [days, 16.4 (13.1–21.6) vs. 18.1 (13.8–24.6), p < 0.01] was longer. They claimed lower glucose content was associated with lower occurrence of adverse events. However, there are methodological concerns, particularly as the authors only recorded the prescribed glucose concentration , not the actual glucose intake received by the patients. In conclusion, these four studies compared different glucose concentrations or rates in children admitted in PICU after surgery. Martinez Carapeto et al., reported there was no difference in the incidence of hyperglycaemia between the use of glucose containing IV-MFT at 3.3 vs 5% [16]. In the study of Lex et al 2014, outcomes in the group receiving 5% glucose versus 10% glucose were superior with regards to combined outcome, low cardiac output syndrome, pulmonary complications, severe infection, and total number of days in hospital [18]. De Betue et al. and Verbruggen et al. showed lower blood glucose concentrations, with no hyperglycaemia or hypoglycaemia in the groups receiving 2.5 mg/kg/min (3.6 g/kg/day) glucose versus 5.0 mg/kg/min (7.2 g/kg/day) glucose [15, 17]. Overall, these results suggest that children receiving lower glucose intake during critical illness have improved outcomes with better glucose control.
Volume of evidence, Applicability, Generalisability, Consistency and Clinical impact 
Using the SIGN grading, the blinded RCTs [15, 17] were considered to have a low risk of bias. The non-blinded RCT and observational study included in the current analysis were graded with a high risk of bias [16, 18]. These four single-center-studies were conducted in Europe (Spain, The Netherlands, and Hungary) and included a total of 745 children admitted after surgery in PICU. Despite the relatively high number of patients included, the generalisability of the results is limited due to the specific population and the number of studies included. Two of the four studies did not record the actual glucose intake in the patients, limiting any conclusions about the optimal glucose intake. In addition, different concentrations or intake of glucose were assessed, which did not allow us to pool the data. However, the findings of these studies including those of well-conducted RCTs are consistent in showing that higher glucose intake can lead to an increased risk of hyperglycaemia, while a lower intake of glucose did not cause hypoglycaemia, and may confer benefits on clinical outcomes. 

Future studies are required to  assess the impact of glucose intake or concentrations on clinical outcomes in children, in different age groups and presenting with different clinical conditions with different severity of illness, to enable extrapolation of the results to broader populations such as neonates and/or non-critically ill children. If a glucose concentration in IV-MFT is studied, the total glucose intake received by patients must be recorded. The feared risk of hypo- (or hyper-) glycaemia is related to the absolute value of glucose administration; it is influenced by both the IV-MFT infusion rate (which depends on fluid restriction policies) and the IV-MFT glucose concentration. Thus, it is difficult to recommend an ideal glucose concentration for IV-MFT solutions.  There is also a need to determine the age at which glucose intake in IV-MFT is no longer essential in children, and from what age hypoglycaemia and ketone body-related vomiting are no longer problematic.
Considering the available evidence, it was not possible to provide recommendations about a precise amount of glucose intake or glucose concentrations in IV-MFT. However, glucose levels should be monitored daily and glucose in IV-MFT should be given in amounts to prevent hypoglycaemia or hyperglycaemia in acutely and critically ill children, especially as during critical illness, glucose requirements in children are often reduced and both hypo- and hyperglycaemia are deleterious. 
A child’s body stores, metabolic stress intensity (insulin resistance, counterregulatory hormone release), age, and fluid allowance must all be taken into consideration when prescribing the IV-MFT infusion rate and its glucose concentration in children. For example, in a child presenting with a low severity disease, a 5% glucose concentration is commonly prescribed with a standard infusion rate. In case of severe fluid restriction requirements, the glucose concentration may need to be increased, but if there is a concomitant significant metabolic stress.
Recommendations
In acutely and critically ill children, glucose provision in intravenous maintenance fluid therapy should be considered in sufficient amount and guided by blood glucose monitoring (at least daily) to prevent hypoglycaemia. GCP
In critically ill children, glucose provision in intravenous maintenance fluid therapy should not be excessive and guided by blood glucose monitoring (at least daily) to prevent hyperglycaemia. Grade B

PiCO 4b: IV-MFT composition: Potassium (K), Magnesium (Mg), Phosphate (P), Calcium (Ca), Vitamins & Trace elements
1. Background and pathophysiology 
A patient’s electrolyte (K, P, Mg, Ca) and micronutrient (vitamin and trace-element) homeostasis depends on their body stores, on intakes and losses and on various clinical conditions that may impact on nutrient redistribution (oxidative stress, acidosis, etc.). All these parameters need to be considered when prescribing IV-MFT. The kidney plays a major role in electrolyte balance; thus caution must be exercised in the case of renal impairment. All these nutrients play key metabolic roles, and an imbalance may lead to severe (or even life-threatening) consequences.
Certain clinical conditions may further increase the risk of developing a severe imbalance of these nutrients such as refeeding syndrome, thermal injuries, cardiac, renal, and liver disease [19]. During the acute phase of illness, maintaining fluid and electrolyte homeostasis requires an understanding of the signs, symptoms, and appropriate treatment modalities. 
Parenteral nutrition may be considered when enteral intake does not cover the child’s need for several days [6]. The provision of all electrolytes and micronutrients is mandatory in parenteral nutrition as it implies medium- to long-term intravenous nutrient supply to prevent nutrient deficiencies [20]. IV-MFT is prescribed for short term supplementation in general. If enteral nutrition still cannot fulfil nutrient requirements after a few days of IV-MFT, parenteral nutrition may be considered. Consequently, the need to systematically supplement IV-MFT with K, P, Mg, Ca, and micronutrients is questionable as deficits are unlikely to occur in a few hours or days. The treatment of electrolyte and micronutrient deficiencies related to specific conditions is outside the scope of this question.
IV-MFT survey of current practice
In a recent international survey on IV-MFT practices in acute and critically ill children [11] electrolyte provision practice showed a large variability which may be due to the absence of recommendations to guide clinical practice. Respondents stating potassium was frequently (but not systematically) prescribed in IV-MFT; with calcium, magnesium and phosphate less commonly prescribed.  Micronutrients were perceived to be rarely supplemented in IV-MFT. 
Adult IV-MFT recommendations 
There is no evidence to support routine IV-MFT supplementation of electrolytes such as potassium, magnesium, calcium and phosphate in adult critically ill patients. Although potassium supplementation in IV-MFT of 1-2 mmol/kg body weight is commonly prescribed to critically ill adults, with intermittent replacement for low levels as required.
Published recommendations in other paediatric settings (outside the scope of the current guidelines)
In the paediatric intraoperative setting IV-MFT, balanced isotonic solutions with the addition of 1-2,5 % glucose are recommended [14]. There is no evidence for the need to supplement potassium, magnesium, calcium and phosphate in IV-MFT.
Results of the literature search, paper critical appraisal and meta-analysis
Our literature search did not identify any eligible study that assessed the impact of electrolytes in IV-MFT on clinical outcomes in critically or acutely ill children, other than chloride and sodium which are addressed in other research questions. Some studies did assess the impact on electrolyte supplementation, but electrolytes were not used as systematic maintenance but rather as specific additions to treat deficiencies.
Volume of evidence, Applicability, Generalisability, Consistency and Clinical impact 
Consequently, no evidence-based recommendations can be made.
For potassium, most experts in the guideline group report a usual addition in IV-MFT of 0.5 to 3 mmol/kg/d which is consistent with the 2018 ESPGHAN parenteral nutrition guidelines and historical recommendations from Holliday and Segar (2 mmol/100kcal/d) [21, 22]. It is unlikely this is essential for very short term IV-MFT. For other nutrients such as magnesium, calcium and phosphate and micronutrients, supplementation in short term IV-MFT is probably not useful. In any case, close monitoring of serum electrolyte levels (including K, Ca, P and Mg) will guide the prescription of all these nutrients, to early detect deficiencies. If prolonged IVM-FT is required, parenteral nutrition may be indicated and should provide all these nutrients in recommended daily amounts [20].
Recommendations 
In acutely and critically ill children, there is insufficient evidence to recommend routine supplementation of magnesium, calcium, and phosphate in intravenous maintenance fluid therapy. GCP
In acutely and critically ill children, an appropriate amount of potassium should be considered and added to intravenous maintenance fluid therapy, based on the child's clinical status and regular potassium level monitoring to avoid hypokalemia. GCP
In acutely and critically ill children, there is insufficient evidence to recommend routine supplementation of vitamins and trace elements in intravenous maintenance fluid therapy, in the absence of signs of deficiency. GCP
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