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Background: French (2014) and American (2017) pediatric guidelines recommend starting enteral nutrition (EN) early in pediatric intensive care. The aims of this study were to compare the applicability of the guidelines in the pediatric intensive care unit (PICU) and to identify risk factors of non-application of the guidelines.

Methods: This retrospective, single-center study was conducted in a medical–surgical PICU between 2014 and 2016. All patients from 1 month to 18 years old with a length of stay >48 h and an exclusive EN at least 1 day during the PICU stay were included. The outcome variable was application of the 2014 and 2017 guidelines, defined by energy intakes ≥90% of the recommended intake at least 1 day as defined by both guidelines. The risk factors of non-application were studied comparing “optimal EN” vs. “non-optimal EN” groups for both guidelines.

Results: In total, 416 children were included (mortality rate, 8%). Malnutrition occurred in 36% of cases. The mean energy intake was 34 ± 30.3 kcal kg−1 day−1. The 2014 and 2017 guidelines were applied in 183 (44%) and 296 (71%) patients, respectively (p < 0.05). Following the 2017 guidelines, enteral energy intakes were considered as “satisfactory enteral intake” for 335 patients (81%). Hemodynamic failure was a risk factor of the non-application of both guidelines.

Conclusion: In our PICU, the received energy intake approached the level of intake recommended by the American 2017 guidelines, which used the predictive Schofield equations and seem more useful and applicable than the higher recommendations of the 2014 guidelines. Multicenter studies to validate the pediatric guidelines seem necessary.
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WHAT IS KNOWN

• Malnutrition is frequent and a source of high morbi-mortality in the pediatric intensive care unit (PICU).

• Early adequate nutritional therapy is recommended.

• The application of recent pediatric nutritional guidelines has not been previously studied.



WHAT IS NEW

We found that energy intake in the PICU approached the intake recommended by the American 2017 guidelines, which used the predictive Schofield equations and seem more useful and applicable than the higher recommendations of the 2014 guidelines.



INTRODUCTION

The prevalence of malnutrition at pediatric intensive care unit (PICU) admission is high (30–50%) and associated with a longer period of mechanical ventilation and higher rates of mortality and nosocomial infections (1–4). In the PICU, oral nutrition was most often impossible. The European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) suggested the use of enteral nutrition (EN) support in critically ill children (5). However, the evaluation of the nutritional status and optimal energy requirements for children in the PICU remains challenging. Early (first 24–48 h) EN is recommended, and optimal nutrition should be attained at the end of the first week of hospitalization (6, 7). If indirect calorimeter was not available, energy requirements can be estimated in the PICU using predicted equations or nutritional guidelines based on healthy children (8, 9).

Several previous studies have shown that the levels of energy intake in the PICU were less than those estimated by equations and have identified risk factors of the non-application of nutritional guidelines (10–12). In the past few years, the French Society of Anesthesia and Intensive Care Medicine (2014) and the American Pediatric Nutrition Group (2017) published guidelines for nutrition support in the PICU (6, 7). However, no study has evaluated or compared the applicability of these two guidelines in the PICU.

The aims of the present study were to (1) compare the applicability of the 2014 and 2017 guidelines and (2) identify risk factors of the non-application of both these guidelines in the PICU.



METHODS

This retrospective, single-center study was conducted in a medical–surgical PICU between October 2014 and December 2016. All patients aged from 1 month to 18 years with a length of stay >48 h and an exclusive EN for at least 1 day during the PICU stay were included. The exclusion criteria were: (a) patients with PICU length of stay <48 h; (b) no exclusive EN during the PICU stay; (c) oral nutrition exclusively; (d) parenteral nutrition exclusively; (e) contraindication to EN (digestive surgery, occlusive syndrome, and bowel ischemia); and (f) missing data.

The data collected (ICCA, Philips®) were: diagnosis at admission, Pediatric Index of Mortality 2 (PIM2) score, hemodynamic failure (defined by use of vasopressor agents), invasive or non-invasive ventilation, sedation (defined by use of hypnotic and morphinic agents), paralytic agents, length of PICU and hospital stay, and mortality at 60 days (D60). The daily EN energy intake was calculated during the first 10 days in PICU (considered as the acute phase in our study). The following EN data were collected: time to initiate, volume (in milliliters per hour), energy (in calories per milliliter), interruption and feeding intolerance (defined by vomiting or diarrhea as more than three liquid stools per day), and constipation (need for a laxative or intrarectal treatment).

Nutritional status was determined using the z-score weighted for age (13). Malnutrition included underweight (z-score <-2) and overweight (z-score >2). Malnourished and normo-nourished patients were compared.

The energy requirements differed between the two guidelines (Supplementary Table 1) (6, 7). Firstly, for each patient, both guidelines were considered as “applied” if the patient received more than 90% of the recommended energy intake, considering his age classification, at least 1 day during the hospitalization (10). Secondly, energy intakes were considered as “satisfactory enteral intake” if they were ≥60% of the energy recommended by the 2017 guidelines by the end of the PICU stay (maximum 1 week) (7).

Risk factors of the non-application of the guidelines were studied using groups: “optimal EN vs. non-optimal EN” in the 2014 and 2017 guidelines, respectively. EN was considered to be optimal if the cumulative enteral energy intakes were ≥90% of the recommended energy intakes for each guideline for at least half of the PICU stay, as used in the study of de Menezes at al. (10).

Quantitative variables were expressed as means (standard deviation) in the case of normal distribution or medians (interquartile range, IQR) otherwise. Normality of distributions was assessed using histograms and the Shapiro–Wilk test. Categorical variables were expressed as numbers (percentage). The association between the potential risk factors and the status regarding the application of the guidelines (non-optimal EN vs. optimal EN) was assessed using Student's t test or Mann–Whitney U test (according to the distribution) for continuous variables and chi-squared test for categorical variables. Variables with p < 0.1 in bivariate analysis were considered candidates for the multivariable model according to their clinical relevance as risk factors of the non-application of guidelines in the literature. These variables were included in a multivariable logistic regression. For each continuous predictor, the log-linearity assumption was assessed using the restricted cubic spline functions. The collinearity between the predictors was also examined with a maximum level for the variance inflation factor fixed at 2.5. Odds ratios for the risk of non-application of the guidelines were computed using 95% confidence intervals. Data were analyzed using the SAS software package, release 9.4 (SAS Institute, Cary, NC).

The study protocol was approved by the French Ethics and Legal committees (CER-SFP 2017-068, DEC20-220).



RESULTS


Population Description

Of the 531 eligible patients, 416 were included (33, 47, 12, 11, six, and six patients were excluded according to criteria a, b, c, d, e, and f, respectively), with a median age of 14.5 months (IQR = 4–60). The median time taken to obtain the target energy intakes was 3 days (IQR = 1–4). The median time to initiate EN was 24 h (IQR = 7–48). Feeding intolerance occurred in 195 patients (47%) (Table 1).


Table 1. Demographic and clinical characteristics of the population.
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At PICU admission, 151 patients (36%) were malnourished: 127 underweight (30%) and 24 overweight (6%). Mortality rate at D60 was statistically increased in malnourished patients compared to normo-nourished patients (16 vs. 4%, p < 0.001), without differences in the median length of stay (5 vs. 6 days), PIM2 score (2.2% vs. 2.3%), and time to initiate EN (22 vs. 24 h).



Comparison of Guidelines

The mean enteral energy intakes were 34 ± 30.3 kcal kg−1 day−1 and represented 45% of the recommended energy intakes for the 2014 guidelines and 66% for the 2017 guidelines according to each age classification (p = 0.03). The 2014 and 2017 guidelines were applied (>90% of the recommended energy intake at least 1 day) in 183 (44%) and 296 (71%) patients, respectively (p < 0.05). Following the 2017 American guidelines, enteral energy intakes were considered as “satisfactory enteral intake” (>60% recommended energy intakes at the end of the first week in PICU) for 335 patients (81%).



Risk Factors of Non-application of Guidelines

Enteral nutrition was optimal (defined as cumulative enteral energy intakes ≥90% of the recommended energy intakes for each guideline for at least half of the PICU stay) for 88 patients (21%) for the 2014 guidelines and 161 patients (39%) for the 2017 guidelines (p = 0.003). For each guideline, there was no difference between optimal EN and non-optimal EN for 2014 and 2017, respectively, for mortality at D60 (p = 0.07 and p = 0.12), or length of stay (p = 0.16 and p = 0.81). For both guidelines, time to initiate EN was significantly longer in the non-optimal EN compared to the optimal EN group (24 vs. 10 h and 29 vs. 11 h, respectively; both p < 0.001).

In the multivariate analysis, hemodynamic failure was a risk factor of non-application of the guidelines for 2014 [odds ratio (OR) = 5.3, 95% confidence interval (CI) = 1.1–28.4] and 2017 (OR = 2.7, 95% CI = 1.1–7.5). Previous chronic cardiac disease was a protective factor of non-application of the guidelines for 2014 (OR = 0.5, 95% CI = 0.3–0.9) and 2017 (OR = 0.5, 95% CI = 0.3–0.9). For the 2017 guidelines, chronic digestive disease was a protective factor (OR = 0.6, 95% CI = 0.4–0.9) (Table 2).


Table 2. Univariate and multivariate analyses for optimal and non-optimal application of the 2014 and 2017 EN guidelines.
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DISCUSSION

This study is the first examining the applicability and risk factors of the non-application of two national guidelines in the PICU. In our 416 children (mortality rate, 8%), 36% of patients were malnourished at PICU admission. The mean enteral energy intakes (34 kcal kg−1 day−1) represented 45 and 66% of, respectively, the 2014 and 2017 guidelines' recommended energy intakes. The 2014 and 2017 guidelines were, respectively, applied to 44 and 71% of patients. Following the 2017 American guidelines, enteral energy intakes were considered as “satisfactory enteral intake” for 81% of patients. Hemodynamic failure was an independent risk factor of the non-application of both guidelines, whereas cardiac and digestive antecedents were protective factors.

Many studies have previously shown that the application of nutritional recommendations was difficult in the PICU, regardless of the previous guidelines used (10–12, 14). In the American prospective study by de Menezes et al., in the PICU (n = 207 children), only 20.8% of the population had energy intakes >90% of the target [estimated with World Health Organization (WHO) equations] (10). Moreover, Kyle et al. observed (n = 240 children) that the energy intakes were >90% of the energy intakes recommended by the Schofield equations for 40% of all patient-days in the PICU (11).

ESPHGAN guidelines provided a clinical guide of EN in pediatric patients (5), but basal metabolism was probably altered in critically ill patients and estimation of the optimal energy requirement was not provided (4, 15). The energy requirements differed between the two guidelines (Supplementary Table 1). The 2017 recommended energy intakes were lower than those of the 2014 guidelines (6, 7). The 2014 guidelines were based on the Apports Nutritionnels Conseillés reference, which is used in France to assess the nutritional status of the healthy population (8). The 2017 guidelines recommended energy intakes using the Schofield equations and were closer than the energy intakes measured by indirect calorimetry in the PICU (9, 16). In other words, the 2017 guidelines seem to be more accurate for establishing the nutritional targets for patients in the PICU. Several authors previously recommended a decrease in the target energy intakes, described as “autophagy,” in the acute phase in critically ill adults and children (14, 15, 17). Then, the 2017 guidelines recommended to target energy intakes equal to or >60% as estimated by predictive Schofield equations at the end of the first week in the PICU (7), closer than the recent adult recommendations (70% of the energy expenditure in the acute phase) (18). According to this threshold, “satisfactory enteral intake” occurred in 81% of the patients in our study.

In our study, hemodynamic failure was a risk factor of the non-application of both the 2014 and 2017 guidelines, as described in pediatric (WHO guidelines 1985, n = 84) (12) and adult (n = 2,410) patients (19). According to these studies, the definition of hemodynamic failure varies: vasopressor agents used, scoring system, or the lactate level increased (12, 20). Moreover, the 2017 adult nutritional guidelines recommend delaying EN when an uncontrolled shock with an increased lactate rate exists (21). In 2020, ESPNIC (European Society of Pediatric and Neonatal Intensive Care) suggested to start EN early in children who were stable on vasopressor agents (22).

In our study, chronic cardiac and digestive diseases were protective factors of the non-application of nutritional guidelines. As shown by de Menezes et al., malnutrition was more important in cases of chronic cardiac or digestive disease, and malnutrition was a protective factor of the non-application of the 2017 guidelines (10).

Our study had several limitations. Firstly, it was a single-center study. The population was heterogeneous (severity of illness, length of stay in the PICU, etc.), but comparable to those in previous pediatric studies (10, 11). Secondly, the applications of the guidelines were compared in a retrospective sample using a period of study at the beginning of the 2017 guidelines. However, the energy intake was probably somewhat independent of the guidelines because no EN protocol was used in our unit at that time. Thirdly, we did not compare the energy intake with the measured energy requirements in our study (indirect calorimetry or carbon dioxide production) (18) because these methods were not routinely used.

In our PICU, the received energy intake approached the level of intake recommended by the American 2017 guidelines, which used the predictive Schofield equations. They therefore seem more useful and applicable than the 2014 guidelines. Multicenter studies to validate the pediatric guidelines seem necessary.
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