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Abstract 
 

Objectives: Optimal nutrition is associated with positive outcomes in critically ill children. In 
2017, the Society of Critical Care Medicine (SCCM) and the American Society of Parenteral 
and Enteral Nutrition (ASPEN) updated guidelines for nutritional support for this population. 
However, implementation of these guidelines may be delayed due to caregiver bias and 
clinical barriers. We aimed to assess our practice against the recommendations of the ASPEN 
guidelines, hypothesizing that caregiver bias and clinical factors may hinder their 
implementation in our Pediatric Intensive Care Unit (PICU). 

Methods: We focused on two ASPEN recommendations: 1) feeding within 48 hours (48H) of 
admission and 2) meeting two-thirds of estimated caloric requirements after seven calendar 
days. All children aged one month to sixteen years admitted to our PICU from July 2017 to 
January 2020 were eligible. Using a retrospective chart review, nutritional and clinical data 
were collected at the time of admission, at 48H, and 7 calendar days after admission. 

Results: A total of 533 patients were included. After 48H of admission to the PICU, 402/533 
(75.4%) patients received feeding. The following factors were associated with not reaching 
nutritional goals at 48H: invasive ventilation support, inotropic and vasoactive support, and 
extracorporeal life support. After 7 days, 95/118 (80.5%) received two-thirds of caloric needs. 
At 7 days, the main obstacle to meeting caloric goals was invasive ventilation. 

Conclusion: In a representative tertiary PICU, barriers to meeting ASPEN nutritional 
recommendations included hemodynamic instability or invasive ventilator support, especially 
within the first 48H of admission. 

 
Key words:  nutritional support, critically ill children, ASPEN guidelines, early enteral 
nutrition 
 
What is known:  

• Optimal nutrition is associated with improved outcomes in critically ill children 
• Enteral nutrition should be initiated within 48H after admission in to a Pediatric 

Intensive Care Unit 
• Optimal nutrition is a fundamental goal in pediatric intensive care, but a 

significant number of patients do not receive defined energy needs  
What is new: 

• Enteral or per oral feeding is often delayed in patients on vasopressors or 
requiring invasive mechanical ventilation. 

• Invasive mechanical ventilation is associated with not reaching nutritional goals  
• Increased awareness that patients on mechanical ventilation are at risk for sub-

optimal nutrition is a first step toward implementing practices to improve early 
nutritional management of these patients.  
 

 
 
Introduction 
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Optimal nutrition is associated with positive outcomes in critically ill children (1). Malnutrition 
and macronutrient deficits during critical illness have been associated with increased risk of 
morbidity, prolonged PICU length of stay (LOS), and mortality (2, 3). Overfeeding can also be 
deleterious in critically ill children (4, 5) by increasing breathing work and potentially 
prolonging the need of invasive mechanical ventilation (IMV).  

In recent years, the number of reports on the role nutritional support in the PICU have been on 
the rise. The American Society of Parenteral and Enteral Nutrition (ASPEN) updated their 
guidelines in 2017 in collaboration with the Society of Critical Care Medicine (SCCM)(6). 
These guidelines focused on a mixed population of critically ill children aged > 1 month and 
< 18 years, admitted to PICU for medical, surgical, or cardiac disease, and with a LOS > 2 
days. In turn, in 2020, the section for metabolism, endocrinology and nutrition (MEN) of the 
European Society for Pediatric and Neonatal Intensive Care (ESPNIC) published the first 
European position statement and guidelines on nutritional support for critically ill children (7).  

In addition, in 2018, ESPGHAN published guidelines on pediatric parenteral nutrition in 
which PICU patients were discussed in the ‘special patients section (26) in an approach quite 
similar to the ASPEN guidelines. The key distinction is in the handling of energy intake  after 
the acute phase. While the ASPEN guidelines focus on avoiding deficits, the ESPGHAN 
guidelines suggest a more proactive approach by increasing energy intake to promote 
recovery and growth in the stabilization phase.  

Either way, optimizing nutrition should be a major management goal in the PICU. Despite 
available recommendations on the type and timing of nutritional support in critically ill 
infants and children, deterioration related to nutritional deficits is still an early and frequent 
problem in PICU (8).  

Achieving adequate caloric and protein intake in critically ill children is challenging. While 
enteral nutrition (EN) remains the preferred route for nutrient delivery(6), several  barriers to 
meeting optimal nutritional goals have already been described. These include fluid restriction, 
respiratory or hemodynamic instability, gastrointestinal paresis and critical care procedures 
which cause frequent feeding interruptions 10–12. 

The goals of this study were to test the hypothesis that in our PICU the 2017 ASPEN 
guidelines were often not met owing to caregiver assessment, with hemodynamically unstable 
patients or patients requiring ventilatory support most likely not to meet nutritional needs 
owing to complex and competing medical problems. Our first aim was to determine the 
percentage of patients meeting two major ASPEN recommendations: i) introduction of per 
oral or enteral nutrition within 48H of PICU admission and ii) meeting two thirds of estimated 
energy requirements within 7 calendar days of PICU admission. Our secondary aim was to 
identify practices in our unit associated with not implementing one or both guidelines. The 
rationale for selecting these two recommendations from the ASPEN guidelines was because 
these are simple outcomes to identify, with 48H in our study is a surrogate for the acute phase, 
and D7 for the stabilization phase.  

Methods  

Study design and participants 
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For this quality improvement study, we used a retrospective chart review of electronic 
medical records. This study met the criteria for a quality improvement project and, in line 
with institutional policy, was exempted from ethical committee review.  

All children aged 1 month to 16 years admitted to our PICU with a LOS of more than 48H, 
from July 2017 to January 2020, were enrolled in this study. Data collection was initiated 
immediately after guideline publication and before the SARS CoV2 pandemic in order to 
have a representative sample. Children under one month and older than 16 years of age were 
excluded.  

Our PICU is a multidisciplinary unit, and as such manages medical, surgical and cardiac 
patients. Patients were grouped according to underlying disease into three broad categories: 
surgical, medical and cardiac.  Surgical patients included all surgical cases admitted in our 
PICU for emergency or elective surgery, or cardiac surgery. Medical patients were defined 
patients with any kind of medical condition. Cardiac intensive care patients were defined as 
all pre and post operative cardiac patients. 

Exclusion criteria: Patients having undergone abdominal surgery which could be a 
contraindication to-or delay EN were excluded from the 48H analysis. Patients with metabolic 
diseases requiring a specific diet were excluded from all time-points.    

Admission 
The following data were collected at the time of PICU admission: demographics, weight and 
height, nothing by mouth status, nutrition therapy: feeding by mouth (meals, expressed breast 
milk, formula, supplements), EN, parenteral nutrition (PN) and presence of a naso- (or 
oro)gastric tube, type of respiratory support (e.g. IMV, non-invasive ventilation (NIV), 
continuous positive airway pressure (CPAP) and high-flow nasal oxygen therapy (HFNC)), 
type of extracorporeal life support (ECSL) (e.g. extracorporeal membrane oxygenation-
ECMO), renal replacement therapy, albumin dialysis with molecular adsorbent recirculating 
system -MARS)), inotropic and/or vasoactive support.  
 
We used World Health Organization (WHO) AnthroPlus software to calculate z-scores for 
anthropometric data collected at admission(9) (10) (11). These packages include functions to 
calculate z-scores using the WHO Child Growth Standards for children aged between 0 and 
60 months or the WHO Growth References for school-aged children and adolescents and 
provide results for the indicators: height-for-age, weight-for-age and body mass index-for-
age.  
 
Relevant laboratory data were used to calculate the Pediatric Logistic Organ Dysfunction 
score (PELOD2). The Pediatric Index of Mortality (PIM II)) was calculated using the 
calculator available on the ESPNIC website (https://espnic-online.org/Education/Professional-
Resources/Paediatric-Logistic-Organ-Dysfunction-2-Score-Calculator ). PELOD score was 
calculated at PICU admission, after 48Hand also after seven days. PIM score was only 
performed at the time of PICU admission.   
 

Forty-eight hours (48H)  from  PICU admission 
Each patient was evaluated at 48H of admission to PICU, at which point a limited data set 
was collected: nothing by mouth status, nutrition therapy: feeding by mouth, EN, PN and 

https://espnic-online.org/Education/Professional-Resources/Paediatric-Logistic-Organ-Dysfunction-2-Score-Calculator
https://espnic-online.org/Education/Professional-Resources/Paediatric-Logistic-Organ-Dysfunction-2-Score-Calculator
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presence of gastric tube, type of respiratory support, type of ECLS, inotropic and/or 
vasoactive support and PELOD score. 

The goal was achieved when nutritional support was started within the first 48H of admission 
to the PICU, in the absence of any contraindications(6). Feeding was defined as per oral (po) 
nutrition (milk or meals depending on age) or EN via nasogastric tube.  

Seven days (D7) from PICU admission 

Patients were evaluated at the seventh calendar day of PICU hospitalization (D7), at which 
time point the same variables were collected as at 48H. In addition, percentage of caloric goal 
was calculated by our nutrition physicians and dieticians using a simplified equation 
commonly used in our unit at that time and based on weight for height in hospitalized 
patients(12) (i.e. between 0-10 kg : 100 kcal/kg/d, - 10-20 kg : 1 000 + 50 kcal/kg/d and > 20 
kg : 1 500 + 20 kcal/kg/d). The goal was achieved at D7 when the total calories intake (oral / 
enteral / parenteral) reached at least two thirds of requirements in the first week(6). Dietary 
intake was assessed semi-quantitatively at bedside. Only nutritive sources of calories are 
included in our goal.  

Change in practice over time 

We analyzed the percentage of patients reaching nutritional goals from 2017 to 2020 as a 
measure of changing practice over time.  

Statistical analysis 

With a total sample size of 530 patients at 48H and 400 patients reaching nutritional goal, we 
calculated an effect size of Cohen's d=0.29 with a power of 80% and an alpha of 0.05. 
 
Variables were examined for outliers. Missing data were imputed using the predictive mean 
matching method. Patient characteristics were described using median and quartiles 1 and 3 
for continuous variables, and counts and percentages for categorical variables. Simple 
comparisons (non-adjusted) of patient characteristics were made between those with 
nutritional goal achieved and not achieved at 48H, as well as after 7 days. These comparisons 
were performed using Chi-squared tests or Fisher's exact tests, as appropriate, for categorical 
variables, and with Mann-Whitney U tests for continuous variables. Multiple logistic 
regression was used to analyse whether the barriers to meeting nutritional goals at 48H 
included NIV, IMV, ECLS or inotrope support. P-values below 0.05 were considered 
statistically significant. No correction for multiple testing was applied. Descriptive analyses 
were performed, using Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA, USA) 
and descriptive and inferential statistics were conducted using the R software (R Foundation 
for Statistical Computing, Vienna, Austria). 
 
 
Results  
 
Patient characteristics 
Five hundred and sixty-seven (567) patients aged 1 month – 16 years who were admitted in 
PICU between July 2017 and January 2020 were assessed for entry into the study. Thirty-four 
patients were excluded at 48H: nine for metabolic disease, seven for abdominal surgery, and 
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eighteen for liver surgery with biliary-enteric anastomosis which delays EN according to our 
center standard of care. At D7, only the 9 patients with metabolic disease were still excluded 
from the analysis. Five hundred and thirty-three patients (533), with a median age of 2.6 years 
were included in the study (Table 1). PICU LOS ranged from 2 to 70 days, with a median of 4 
days [IQR:3-7 days].   
 
48H from admission 
Patient characteristics were reassessed 48H after admission. Patient characteristics are 
summarized in Table 1. A total of 172 patients required respiratory support (including IMV, 
NIV, CPAP and HFNC) (32%), nearly a quarter (24%) required inotropic and/or vasoactive 
support and 3% were on any type of extracorporeal support.  
 
Of 533 children, 402 children (75,4%) benefited from initiation of nutrition (oral and/or EN) 
within 48H of admission and 121 patients were still nil by mouth, 16 of whom had nutrition 
prescribed but not administered without any obvious reason. The median time to initiate EN 
in PICU was 24 hours (IQR: 1 – 48H). Sixty five percent of patients (n=349/533) received 
oral nutrition, 15% (n=82/533) early EN (EEN) and 4% (n=21/533) both. One hundred and 
thirty-one (131/533) patients were unable to feed by mouth, 78% (n=102/131) of which were 
not started on EN.  
 
Fourteen patients received PN within the first 48H. Six (6/14) were receiving respiratory 
support (6/6 under IMV), one patient required inotropic and/or vasoactive support, and none 
were on extracorporeal support. Two patients (2/14) were able to eat by mouth. All of them 
had contraindications to EN as assessed by clinical evaluation, 6/14 underwent liver 
transplantation, 1/14 had gastrointestinal bleeding, 6/14 had an ileus and 1/14 had suspicion of 
intestinal infection. 
 
D7 from admission 
Of 533 patients enrolled into the study, 118 (22%) were still in PICU seven days after 
admission. Their characteristics are summarized in Table 1. Nearly 50% of patients still 
required ventilation support (54/118), 21% (25/118) were on inotropic and/or vasoactive 
support and 8% (10/118) on any ECLS.  
 
At D7, 80.5% (95/118) of patients met the ASPEN recommendation on receiving at least 2/3 
of calories needs. Fifteen of the patients who were still in the PICU after 7 days received 
exclusive PN, while 39/118 were on exclusive EN. In total, 40 patients received PN at D7. 
The median timing of PN initiation in PICU was 4 days (IQR: 0.75 – 6.9 days). Of the 14 

patients who received early PN within 48H of admission, 5 were still in PICU after 7 days and 
still receiving partial or total PN. Seven (7/118) patients received no enteral, parenteral or oral 
nutrition: 2 of them were admitted for acute respiratory distress syndrome, and the other 
underwent cardiac surgery. All were under invasive ventilation and one under ECMO.  
 
Factors associated with delayed enteral feeding at 48H or insufficient caloric intake at 
D7  
Factors hypothesized to influence the timely initiation of feeds were analyzed at both 48H and 
D7. The following factors were associated with not reaching nutritional goals at 48H: IMV 
(75/131, p<0.001), inotrope support (52/131, p<0.001), and ECLS of any type (14/131, 
p<0.001). Noninvasive ventilation support (i.e., NIV, CPAP, HFNC) 48H from admission 
was not an obstacle to implementing ASPEN recommendations (p= 0.39). Variables analyzed 
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are summarized in Table 2. Among patients receiving EEN, 60/82 were on ventilatory support 
(IMV n=20 and NIV n=40). 
 
A logistic regression analysis was conducted using the surgical intensive care patient 
population as the reference group due to its clinical representativeness (Table 4) and a 
sensitivity analysis was conducted where the same model was conducted on complete data 
(see supp 2). All results were consistent between both models except for invasive mechanical 
ventilation at 48H which was statistically significant with imputed data but not with complete 
case principle.The regression analysis also revealed that medical and cardiac ICU patients had 
significantly higher odds of not meeting nutritional goals within 48H compared to surgical 
ICU patients, with an odds ratios of 9.471 and 22.541, respectively, highlighting the 
challenges in managing nutrition for these heterogeneous and culturally diverse populations. 
 
At 7 days most patients in whom nutritional recommendations were not met required IMV 
(13/23, p=0.059). Neither inotropic and/or vasoactive support nor ECSL were significantly 
associated with delayed nutritional support. Variables analyzed are summarized in Table 3. Of 
the 7 patients in whom no nutrition was initiated at D7, neither oral nutrition, enteral nutrition 
or parenteral nutrition, 5 were under IMV and 5 were on inotropic and/or vasoactive support. 
Of the 4 patients on ECMO at D7, 2 were under PN and 1 was nothing by mouth. The only 
patient under ECMO who reached nutritional recommendations received combined EN and 
PN.  
 
 
Discussion 
 
Although several studies have focused on the incidence of malnutrition in the intensive care 
setting(8), to the best of our knowledge this is the first to report barriers to implementing 
recently published recommendations, and including all types of nutrition (oral, EN and PN). 
In our representative tertiary PICU, 75% of patients reached their nutritional goal in the acute 
phase. Among those in whom the goals were not met, barriers included IMV support, 
inotropic and/or vasoactive support and any type of ECLS. At D7, the beginning of the 
recovery phase, the only significant obstacle to reaching caloric goal was IMV. These 
observations will hopefully inform future interventions in our center and elsewhere. 
 
The primary aim of our study was to assess if patients were receiving nutrition at 48H, no 
matter the type.  Most patients started eating within 48H from admission. Sixty-five percent 
(65%) were able to eat by mouth, but 35% needed enteral or/and parenteral support. Expert 
opinion suggests that EN should be initiated in all critically ill children at 24 - 48H after 
admission to the PICU, unless contraindicated(6). ESPNIC recommends initiation of EEN 
within 24h of admission. Contraindications to EN are not clearly described in the ASPEN 
recommendations, probably because in clinical practice the decision to withhold feeding left 
to the clinician’s appreciation.  
 
It is now well known that EEN has many advantages, such as improving clinical outcomes, 
reducing gastric intolerance and promoting early reestablishment of gastroduodenal 
motility(13). Few studies have identified barriers which interfere with EN delivery (14, 15). These 
include the absence of continuous dietitian support, complications of feeding tubes, healthcare 
attitude and caregiver behavior. The 2017 ESPNIC nutrition guidelines for critically ill 
children focused on patient-specific clinical factors (16). It was suggested to initiate EEN at a 
low rate in most patients except those with uncontrolled shock, uncontrolled hypoxemia and 
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acidosis, uncontrolled gastrointestinal bleeding, overt bowel ischemia and obstruction or a 
high aspirate volume. In spite of these clear guidelines, over a third of our patients did not 
fulfill ASPEN goals at 48H. Possible explanations for this observation include lack of a 
standardized protocol, and general lack of awareness by the PICU staff.  
 
In this study, the need for IMV emerged as a barrier to feeding, more so than the use of NIV. 
This result is in contrast with a previous study suggesting that feeding patients on NIV was 
more complicated than feeding patient on IMV(17). Feeding patients requiring NIV is feasible 
and well tolerated with relatively few complications(18) , but it is important to determine the 
optimal timing and method of feeding. In our unit, patients under NIV are fed by mouth or EN 
when possible. 
 
Inotropic and/or vasoactive support was also associated with not reaching nutritional goals at 
48H which strongly suggests that the perceived degree of severity of the illness was 
associated with delayed feeding, despite the recommendation to implement feeding in the 
acute phase. In our study, illness severity was not associated with delayed feeding, confirming 
the findings of others (19). In practice, this means that feeding initiation in these patients relies 
heavily on clinical impression.  
 
By day 7 from admission, ASPEN recommendations suggest achieving delivery of at least 
two thirds of the prescribed daily calories requirement to decrease the odds of mortality(1). 
Further, the route of nutrition delivery is of importance, because the positive impact on 
survival was only observed for EN (20).  
 
To the best of our knowledge, no study has evaluated if 2/3 of daily caloric needs were 
reached in the by the end of first week of PICU hospitalization, regardless of the method of 
feeding (including po). EN is the preferred route for nutrition in adults and children in critical 
care, because it is beneficial for gastrointestinal mucosal integrity and motility(16). Most of our 
patients who were unable to eat received PN, 14 of which received PN within 48H of 
admission.   
 
The timing of PN initiation for critically ill children remains a controversial issue. In our unit, 
PN is most commonly used to assist in meeting the 2/3 caloric goal in patients with 
insufficient EN at D7. In this study, exclusive PN was introduced on average after 5 days in 
PICU. ESPNIC suggests withholding PN for up to one week(7), the rationale being that the 
PEPaNIC (early vs late PN in PICU)(21) randomized controlled trial showed that withholding 
PN in the first week in PICUs reduced incidence of new infections and accelerated recovery. 
According to the ASPEN recommendations, PN supplementation is suggested to complete 
nutritional support if patients who are severely malnourished or at risk of nutritional 
deterioration are unable to advance past low volumes of EN during the first week in the PICU. 
As the optimal time to initiate PN to supplement insufficient EN is unknown, it is our practice 
that PN be initiated as soon as EN is proven insufficient, either exclusively or as a 
complement. 
 
Although the originality of this study was looking at the barriers to the implementation of 
recent guidelines including po feeding, it does present several limitations. First, it has the 
inherent weaknesses of a retrospective chart review conducted via the electronic medical 
record including missing data. In addition, more than half of the population had congenital 
heart disease, which likely introduced a bias. Children with cardiac disease are often 
chronically malnourished(22) either owing to volume restrictions or to their geographic origin- 
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this is due to a humanitarian program in our center(23). However, it is noteworthy that the 
ASPEN recommendations were established based on a mixed population, akin to our sample. 
In our post-hoc analysis to identify factors associated with not achieving the 48H and D7 
goals, we observed an increased OR for cardiac patients, consistent with other reports, 
although cardiac patients are often treated and reported separately.  
 
 
Finally, there are two additional limitations of our study. The first is the use of a simplified 
approach to estimate caloric requirements. The ASPEN recommendations suggest measuring 
energy expenditure by indirect calorimetry to guide the prescription of daily nutritional 
requirements(24) if it is not feasible, it’s suggested to use predictive equations despite their lack 
of accuracy in this population(25). Therefore, in the absence of indirect calorimetry 
measurement and considering local practices in our PICU, we defined the achievement of 
nutritional goals as reaching two-thirds of caloric needs calculated with the Holliday and 
Segar formula(12) by D7. Although in practice, 80% of patients had reached ASPEN 
recommendations at D7, they may in fact have been receiving calories in excess compared to 
other equations (i.e Schofield equation). The second is that we did not consider non-nutritive 
calories such as those included in IV fluids and medications.  
 
 
Conclusion 
 
This study highlights the challenges of delivering optimal nutrition to critically ill children in 
a representative tertiary care PICU. Despite the proven benefits of EEN and meeting caloric 
goals within the first week, significant barriers remain including IMV, inotropic and 
vasoactive support, and ECLS.  
With this detailed understanding of barriers to optimal practice, our purpose is to drive 
effective interventions to improve patient outcomes by focusing first on the patients with 
these requirements.   
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Admission H48 D7 

(n=533) (n=533) (n=118) 

 Number (Percentage) or Median [Q1 ; Q3] 

Age (months) 31 (8 ; 97) 31 (8 ; 97) 12.5 (5 ; 76) 
Weight z-score -1.34 (-2.8 ; -0.3) -1.34 (-2.8 ; -0.3) -1.94 (-3.5 ; -0.6) 

Missing values 108 108 22 
Height z-score -0.75 (-1.9 ; 0.4) -0.75 (-1.9 ; 0.4) -1.04 (-2.0 ; 0.4) 

Missing values 48 48 5 
PELOD score 4 (0 ; 4) 0 (0 ; 1) 0 (0 ; 3.8) 
    
Surgical intensive care patient 75 (14.1) 75 (14.1) 19 (16.1) 

Medical intensive care patient 179 (33.6) 179 (33.6) 36 (30.5) 

Cardiac intensive care patient 279 (52.3) 279 (52.3) 63 (53.4) 

    
NPO 459 (86.1) 123 (23.1) 18 (15.3) 
NG tube 363 (68.1) 185 (34.7) 70 (59.3) 
    
IMV  290 (54.4) 96 (18.0) 28 (23.7) 
CPAP 32 (6.0) 25 (4.5) 10 (8.5) 
NIV  43 (8.1) 35 (6.6) 13 (11.0) 
HFNC 23 (4.3) 16 (3.0) 3 (2.5) 
ECMO 5 (0.9) 5 (0.9) 4 (3.4) 
CRRT 1 (0.2) 7 (1.3) 5 (4.2) 
MARS 0 (0) 2 (0.4) 1 (0.8) 
Inotropic and/or vasoactive 
support 

253 (47.5) 126 (23.6) 25 (21.2) 

 
Table 1 Demographics and patient characteristics on admission, at 48 hours after admission, 
and on day 7. 
 
PELOD score Pediatric Logistic Organ Dysfunction; NPO nothing by mouth; NG tube 
Nasogastric tube; CPAP Continuous Positive Airway Pressure; NIV Noninvasive Ventilation 
with Bi-level Positive Airway Pressure; HFNC High Flow Nasal Cannula; ECMO 
Extracorporeal membrane oxygenation; CRRT Continuous Renal Replacement Therapy; 
MARS Molecular Absorbent Recirculating System, IMV Invasive Mechanical Ventilation 
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Per oral and/or EN not 

commenced within 
48H  

Per oral and/or EN 
commenced within 

48H 

p-value  

(n=131, 24.6%) (n=402, 75.4%) (Wilcoxon/chi2
) 

Age (months) 32 (8 - 99) 30 (8 - 95) 0.666 
Weight z-score -1.6 (-3.1 - -0.3) -1.2 (-2.6 - -0.3) 0.387 

Height z-score -0.9 (-2.1 - 0.5) -0.7 (-1.9 - 0.4) 0.419 

PELOD48 4 (0 - 5) 0 (0 - 0) < 0.001 
PIM 1.6 (0.8 - 3.2) 1.2 (0.8 - 2) < 0.001 
Gender 

  
0.999 

Male 58 (44.3%) 177 (44.0%) 
 

Female 73 (55.7%) 225 (56.0%) 
 

   
< 0.001 

    
Surgical intensive care 
patient 

43 (32.8%) 32 (8.0%) 
 

Medical intensive care 
patient 

37 (28.2%) 142 (35.3%) 
 

Cardiac intensive care 
patient 

51 (38.9%) 228 (56.7%)   

    

Ventilation 41 (31.3%) 321 (79.9%) < 0.001 
Invasive ventilation 75 (57.3%) 21 (5.2%) < 0.001 

Non invasive ventilation  15 (11.5%) 60 (14.9%) 0.396 

ECSL 16 (12.2%) 9 (2.2%) < 0.001 
ECMO 5 (3.8%) 0 0.001¹ 
CRRT 5 (3.8%) 2 (0.5%) 0.011¹ 
MARS 2 (1.5%) 0 0.060¹ 

Inotropic and/or vasoactive 
support 

52 (39.7%) 74 (18.4%) < 0.001 

¹ Fisher's exact 
  

 
Table 2: Group characteristics at 48 hours after admission (Number (Percentage) or 
Median [Q25, Q75]) 
EN: Enteral Nutrition; PELOD48: PELODscore at H48 Pediatric Logistic Organ Dysfunction; 
PIM Pediatric Index of Mortality; Noninvasive Ventilation: includes patients with CPAP, Bi-
level Positive Airway Pressure and High Flow Nasal Cannula; ECSL Extracorporeal Life 
Support; ECMO Extracorporeal membrane oxygenation; CRRT Continuous Renal 
Replacement Therapy; MARS Molecular Absorbent Recirculating System 
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Table 3: Group characteristics at day 7 after admission (Number (Percentage) or Median [Q1 ; 
Q3] 

 
PELOD7: PELOD score at D7 Pediatric Logistic Organ Dysfunction; PIM Pediatric Index of 
Mortality; Noninvasive Ventilation: includes patients with CPAP, Bi-level Positive Airway 
Pressure and High Flow Nasal Cannula; ECSL Extracorporeal Life Support; ECMO 
Extracorporeal membrane oxygenation; CRRT Continuous Renal Replacement Therapy; 
MARS Molecular Absorbent Recirculating System 

 

Not meeting 2/3 of 
estimated energy 

requirements 

Meeting 2/3 of 
estimated energy 

requirements 
p-value  

(n=23, 19.5%) (n=95, 80.5%) (Wilcoxon/chi2) 

Age (months) 16 (6 - 48) 11 (4 - 78.5) 0.744 
Weight_z-score -2.2 (-3.8 - -0.4) -1.9 (-3.5 - -0.6) 0.804 

Height_z-score -1.3 (-2 - 0.9) -1 (-1.9 - 0.3) 0.661 
Lenght of stay (days) 15.9 (11.9 - 26.9) 10.9 (8 - 17.7) 0.003 

PELOD48 4 (0 - 6) 0 (0 - 2) < 0.001 
PIM 3 (1 - 4.4) 1.4 (0.8 - 2.9) 0.010 
Gender   0.585 

Male 12 (52.2%) 41 (43.2%)  
Female 11 (47.8%) 54 (56.8%)  

   0.886¹ 
    

Surgical intensive care 
patient 4 (17.4%) 15 (15.8%)  

Medical intensive care 
patient 6 (26.1%) 30 (31.6%)  

Cardiac intensive care 
patient 13 (56.5%) 50 (52.6%)   

    
Ventilation 6 (26.1%) 61 (64.2%) 0.002 

Invasive ventilation 13 (76.5%) 15 (44.1%) 0.059 

Non invasive ventilation  5 (21.7%) 19 (20.0%) 0.999¹ 

ECSL 5 (21.7%) 11 (11.6%) 0.305¹ 
ECMO 3 (13.0%) 1 (1.1%) 0.023¹ 
CRRT 2 (8.7%) 3 (3.2%) 0.250¹ 
MARS 1 (4.3%) 0 0.195¹ 

Inotropic and/or 
vasoactive support 12 (52.2%) 81 (85.3%) 0.001¹ 

¹ Fisher's exact   
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 Odds ratio 95% CI p-value 
Type of patient   <0.001 
Surgical intensive care patient (ref)     
Medical intensive care patient 9.471 4.469 to 20.072 < 0.001 
Cardiac intensive care patient 22.541 8.617 to 58.966 < 0.001  
Zscore weight-for-age 1.076 0.886 to 1.307 0.458 
PELOD 0.828 0.659 to 1.041 0.107 
    
Type of support    
IMV 0.189 0.050 to 0.722 0.015 
Non invasive ventilation 0.394 0.182 to 0.850 0.018 
ECLS 0.516 0.143 to 1.859 0.312 
Inotropic and/or vasoactive 
support 0.279 0.109 to 0.717 0.008 

n = 533 
 
Table 4: Factors associated with not meeting goals at 48 hours after admission from the 
primary analysis consisting of a multiple logistic regression modelling with missing data 
imputed using predictive mean matching method. 
The surgical intensive care patient population was used as the reference (ref) for the logistic 
regression model 
Odds ratio >1 means a higher rate to achieve goals 
ECLS Extracorporeal Life Support; IMV: Invasive Mechanical Ventilation 
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