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ABSTRACT: Background: Considering the limited evidence for acute postoperative nutritional therapy for
congenital heart disease (CHD), this study evaluated the effects of achieving enteral nutrition (EN) targets in the acute
postoperative phase on clinical outcomes in infants after congenital heart surgery. Methods: This retrospective cohort
study, conducted in a multivalent pediatric intensive care unit (PICU), enrolled infants aged <6 months following
congenital heart surgery between April 2021 and March 2023. Based on the American Society for Parenteral and
Enteral Nutrition guidelines, the EN target was defined as two-thirds of the resting energy expenditure with a protein
intake of 1.5 g/kg/day. Clinical outcomes of patients who did and did not achieve the EN target by postoperative day
(POD) 7 were compared. The association between EN target achievement and ventilator-free days within 28 days
(28-day VFDs) was evaluated. Results: Of 151 patients who met the inclusion criteria, 97 (64%) who achieved the EN
target by POD7 had significantly more 28-day VFDs (median [interquartile range]: 25.0 days [24.0, 26.0] vs. 19.0 days
[5.3, 21.8], p < 0.001), a shorter length of stay in the PICU, and a lower nosocomial infection incidence than those
who did not. In the multivariate analysis, EN target achievement was independently associated with more 28-day
VFDs. Conclusions: This is the first study to demonstrate an association between achieving a specific EN target
during the acute postoperative phase and improved clinical outcomes in infants undergoing congenital heart surgery.
These findings underscore the importance of meticulous postoperative nutritional management in this vulnerable
population and highlight the need for prospective interventional studies.
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1 Introduction

Congenital heart disease (CHD) is a common congenital anomaly, accounting for approximately 1% of
births globally [1]. Patients with CHD often have both cardiac and non-cardiac problems; owing to their
vulnerabilities, they have significantly higher morbidity and mortality risks than the general population [2]
and therefore require meticulous medical management in the pediatric intensive care unit (PICU). The
complexity of the treatment and care of CHD and its comorbidities result in excessive medical resource
consumption, high costs, and prolonged PICU stays, causing significant public health challenges [3,4].
Hence, improving medical management for this population is crucial for enhancing patient outcomes in the
PICU and reducing the economic burden on the healthcare system.

Malnutrition prevalence in children with CHD is high. A cohort study reported an acute malnutrition
prevalence rate of 51.2% in patients undergoing congenital heart surgery [5]. Preoperative malnutrition
is associated with worse postoperative outcomes [6]; moreover, energy requirements further increase in
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the acute postoperative phase after congenital heart surgery [7]. However, during the acute postoperative
phase, hemodynamic instability, concerns about increased gastrointestinal complications, fluid restrictions,
and procedures often lead to inadequate nutritional intake [8]. The resulting malnutrition can worsen
postoperative outcomes and negatively impact subsequent growth and development [9].

Guidelines for the general population in the PICU recommend the early initiation of enteral nutrition
(EN) and the achievement of acute-phase nutritional targets [10,11]. However, no specific recommendations
exist for patients after congenital heart surgery. Despite a reported association between achieving
acute-phase nutritional targets and improved outcomes among the general PICU population [12,13], the
studies included few postoperative patients with CHD. Previous studies targeting cardiac intensive care
unit (CICU) patients have reported the association between early EN or the use of high-energy nutritional
formulas and improved outcomes [14-20]. However, the nutritional target in the acute postoperative phase
after congenital heart surgery has not been investigated and no studies have demonstrated an association
between achieving specific nutritional targets and clinical outcomes. Thus, although these patients are
a critically ill population in the PICU and nutritional management in the acute postoperative phase is
important, evidence for specific nutritional management strategies remains insufficient.

This study addressed these gaps, investigating the association between achieving specific calorie and
protein intake targets through EN during the acute postoperative phase and clinical outcomes in infants
aged <6 months after congenital heart surgery.

2 Materials and Methods
2.1 Study Design and Settings

This single-center retrospective cohort study was conducted in the 14-bed multivalent PICU of an
urban regional tertiary hospital in Saitama, Japan.

This study was approved by the Ethics Committee of Saitama Children’s Medical Center (refer-ence
number: 2023-04-003; approval date: 9 November 2023) and complied with the 1975 Declaration of Helsinki
principles. The Japanese Ethical Guidelines for Medical and Health Research Involving Human Subjects
waived the requirement for informed consent, given the use of non-personally identifiable data from
electronic patient records.

2.2 Participant Selection

Patients admitted to the PICU following cardiac surgery for CHD between 1 April 2021, and 31 March
2023, were eligible. Patients aged <6 months at PICU admission were included because they are generally
exclusively fed baby formula or breast milk; therefore, the calculation of energy intake is more accurate
than that in children fed solid foods. Furthermore, infants have a higher mortality rate than other age
groups [21]. Patients for whom preoperative height and weight data were unavailable, those who were
offered baby food, and those who were already scheduled for a tracheostomy owing to severe airway disease
before congenital heart surgery were excluded.

2.3 Nutritional Management

Postoperative EN was initiated at the discretion of the attending intensivist, without a standardized
protocol. The attending intensivist at our institution determined the safety of initiating EN by referencing
clinical parameters such as hemodynamic stability, inotrope dosage, lactate levels, and central venous oxygen
saturation. Early trophic feeding (10-20 mL/kg/day) was initiated within 48 h post-surgery if possible
but was delayed in cases requiring high doses of inotropes or in patients with single-ventricle circulation
and unstable systemic blood flow. The decision between intermittent or continuous administration of
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the nutritional formula was left to the discretion of the attending physician. Once EN was initiated, the
rate was advanced while monitoring for signs of feeding intolerance (e.g., gastric residuals, vomiting,
diarrhea, and abdominal distension). Abdominal imaging using X-rays was reviewed every morning by the
intensivist and a radiologist, and ultrasound screening for necrotizing enterocolitis (NEC) was performed
as needed. For infants aged <6 months, breast milk was preferentially selected, and if unavailable, standard
concentration formula was used; high-concentration nutrition was not used during the acute postoperative
phase. The target EN intake during the acute postoperative phase was set at two-thirds of the resting
energy expenditure (REE) estimated using the Schofield weight-height equation, with a protein intake
of 1.5 g/kg/day, in accordance with the American Society for Parenteral and Enteral Nutrition (ASPEN)
guidelines [11,22]. Because parenteral nutrition was rarely used within the first postoperative week,
parenteral calorie intake was not considered. Patients were subsequently classified into achievement and
non-achievement groups according to whether the EN target was reached by postoperative day (POD) 7.

2.4 Definitions

Comorbidities included chromosomal abnormalities and pre-existing gastrointestinal diseases. Body
mass index (BMI) for age z-score was calculated using CHILD METRICS to evaluate nutritional status [20].
Preoperative mechanical ventilation was defined as intubation for respiratory or circulatory failure,
excluding cases of scheduled intubation for surgery or examinations. The Risk Adjustment for Congenital
Heart Surgery (RACHS)-1 category is a classification system used to stratify the complexity of congenital
heart surgery procedures [23,24]. For analysis, patients were categorized into two groups (RACHS-1
category <3 and RACHS-1 category >3). Open-chest procedures, including delayed sternal closure, were
performed within 1 week postoperatively, and blood transfusion volumes, lactate levels, and muscle relaxant
use were assessed within the first 24 h postoperatively. The vasoactive—inotropic score (VIS) quantifies the
use of multiple vasoactive drugs [25]. We defined VIS as the maximum score within 24 h postoperatively.
Early EN—initiated within 48 h of PICU admission—has been proven feasible in critically ill children [26].

2.5 Data Collection

Patient background (age, sex, body weight, BMI, comorbidities, and preoperative mechanical
ventilation), perioperative (RACHS-1 category, cardiopulmonary bypass (CPB) time, aortic clamping time,
VIS, lactate level, blood transfusion volume, and open-chest procedure), nutritional (timing of EN initiation,
administration route, and energy and protein intakes on POD7), and clinical outcome data were collected.

2.6 Outcome Measures

The primary outcome was the number of ventilator-free days within 28 days (28-day VFDs)
postoperatively. VFDs were defined as the number of days alive and free from mechanical ventilation;
patients who remained mechanically ventilated and those who died were coded as having 0 VFDs [27]. In a
previous study on nutritional therapy in general PICU patients, 28-day VFDs were evaluated as a clinical
outcome [13]. The secondary outcomes were mortality within 28 days, length of stay (LOS) in the PICU,
gastrointestinal complications by POD7, and new infections bacteriologically proven during the PICU stay.
At our institution, prophylactic antibiotics are typically used for 48 h postoperatively to prevent surgical
site infections, with patients under open chest management receiving antibiotics for up to 48 h following
delayed sternal closure.
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2.7 Statistical Analyses

Patient characteristics are described using medians with interquartile ranges (IQRs) for continuous
variables and numbers and percentages for categorical variables. Between-group differences were compared
using the Mann-Whitney U and Fisher’s exact tests. To identify independent factors associated with 28-day
VFDs, various modeling strategies were employed. The zero-inflated negative binomial regression (ZINB)
model was ultimately adopted (Supplementary Material). The ZINB model accounts for the excess number
of zero values and overdispersion in count data. Intuitively, it separates the outcome into two processes:
one determining whether patients have zero VFDs (e.g., died or remained intubated) and another modeling
the distribution of VFDs among patients with non-zero values. This approach allows a more accurate
estimation than conventional count models when many zero values are present. Adhering to the commonly
recommended guideline in regression analyses, which suggests including one variable for every 15 cases,
we planned to incorporate 10 variables into our model. To ensure a sufficiently robust sample size, data were
retrospectively collected, aiming for a target of 150 cases to support the statistical validity of our analysis.
To evaluate the independent association between EN target achievement and 28-day VFDs, we adjusted for
potential confounders identified in previous studies [12,13,20] and other clinically relevant factors. These
included age, BMI, comorbidities, preoperative mechanical ventilation, RACHS-1 category, CPB time, VIS,
blood transfusion volume, and open chest procedure. The variance inflation factors for all variables included
in the model ranged from 1.1 to 2.3, indicating that multicollinearity was not a concern. A two-sided
p-value < 0.05 was considered statistically significant. The data contained no missing values. Statistical
analyses were performed using R version 4.3.2 (R Foundation for Statistical Computing, Vienna, Austria).

We conducted a sensitivity analysis excluding patients with RACHS-1 category 6 procedures, who
were present only in the non-achievement group, to evaluate the robustness of the primary findings.

3 Results
3.1 Comparison of Patients with or without EN Target Achievement

During the study period, 156 patients aged <6 months admitted to the PICU after cardiac surgery
were identified; 151 met the inclusion criteria and were included in the study. Of these, 97 patients (64%)
achieved the EN target by POD7, whereas 54 patients did not (Fig. 1).

Table 1 presents the baseline characteristics. Age, body weight, and comorbidities did not differ
significantly between the groups. A BMI for age z-score <—2 as an indicator of poor nutritional status
was observed in 44% and 48% of patients in the achievement and non-achievement groups, respectively
(p = 0.78). Although the difference was not significant, the proportion of patients with a RACHS-1 category
>3 was greater in the non-achievement group than in the achievement group. The surgical procedures
performed in this cohort corresponding to each RACHS-1 category are presented in Table S1. The number of
patients requiring preoperative mechanical ventilation, CPB time, the proportion of patients who underwent
an open-chest procedure by POD7, and the VIS, lactate level, and blood transfusion volume within 24 h
postoperatively were significantly higher in the non-achievement group than in the achievement group.



Congenit Heart Dis. 2025;20(5) 551

Patients <6 months of age admitted to the PICU
after congenital heart surgery, April 2021-March 2023
(n=156)

Excluded (n = 5)

« No data on preoperative
height and weight (n = 1)

« Offered baby food (n = 3)

« Severe airway disease with
inability to extubate (n = 1)

v

Patients included
(n=151)

Y 4

EN target achieved EN target not achieved
(n=97) (n=54)

Figure 1: Flowchart of patient selection. PICU, pediatric intensive care unit; EN, enteral nutrition.

Table 1: Patient demographics and surgical characteristics.

Characteristics EN Target Achieved EN Target not Achieved »°
(n=97) (n=54)

Age (months) 1(0, 4) 1(0,3) 0.29

Sex, male 52 (54%) 40 (74%) 0.02

Body weight (kg) 3.7 (3.0, 5.4) 3.3 (2.9, 4.5) 0.24

BMI 13.0 (11.7, 14.5) 12.4 (11.4, 13.8) 0.15

BMI for age z-score <—2 43 (44%) 26 (48%) 0.78
Comorbidities 21 (22%) 8 (15%) 0.42
Preoperative mechanical ventilation 4 (4%) 12 (22%) 0.001
RACHS-1 category <0.001

1 6 (6%) 1(2%)
2 29 (30%) 10 (19%)
3 45 (46%) 19 (35%)
4 17 (18%) 10 (19%)
5 0 (0%) 0 (0%)
6 0 (0%) 14 (26%)

RACHS-1 category >3 62 (64%) 43 (80%) 0.07
CPB time (min) 118 (0, 189) 210 (139, 350) <0.001
Aortic clamping time (min) 43 (0, 121) 77 (0, 120) 0.15
VISP 9.0 (6.0, 10.0) 9.5 (7.0, 13.0) 0.01
Lactate (mmol/L) 1.9 (1.4, 3.0) 4.3(2.7,6.9) <0.001
Blood transfusion volume (mL/kg)® 23 (12, 37) 55 (24, 114) <0.001
Open chest procedure within POD 7 5 (5%) 35 (65%) <0.001

Note: BMI, body mass index; CPB, cardiopulmonary bypass; EN, enteral nutrition; POD, postoperative day; RACHS, Risk
Adjustment for Congenital Heart Surgery; VIS, vasoactive-inotropic score. *p-value from Fisher’s exact test for categorical
variables or Mann-Whitney U test for continuous variables. Peak value within 24 h postoperatively. “Total volume within 24 h
postoperatively. Data are presented as n (%) for categorical variables and median (interquartile range) for continuous variables.
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Table 2 presents the patients’ nutritional data. Over 90% of the patients in both groups received early
EN. Energy and protein intake on POD7 were significantly higher in the achievement group than in the
non-achievement group. Patients who achieved the EN target had higher 28-day VFDs after surgery (median
[IQR], 25.0 days [24.0, 26.0] vs. 19.0 days [5.3, 21.8], p < 0.001) and a shorter PICU LOS (median [IQR], 8.0 days
(6.0, 10.0] vs. 18.5 days [12.0, 28.3], p < 0.001). Mortality within 28 days and gastrointestinal complications
within POD7 did not differ significantly between the groups. The incidence of nosocomial infection during
the PICU stay was significantly lower in the achievement group than in the non-achievement group (Table 3).

Table 2: Patient nutritional data.

Characteristics EN Target Achieved EN Target not Achieved »
(n=97) (n =54)

Early enteral nutrition 95 (98%) 49 (91%) 0.11

Energy intake on POD 7 (kcal/kg/day) 96 (86, 106) 35 (20, 53) <0.001

Protein intake on POD 7 (g/kg/day) 2.1(1.8,2.3) 0.8 (0.4, 1.2) <0.001

Tube feeding on POD 7 51 (53%) 46 (85%) <0.001

Post-pyloric feeding on POD 7 3 (3%) 3 (6%) 0.02

Note: EN, enteral nutrition; POD, postoperative day. *p-value from Fisher’s exact test for categorical variables or Mann-Whitney
U test for continuous variables. Data are presented as n (%) for categorical variables and median (interquartile range) for
continuous variables.

Table 3: Patient outcomes with and without EN target achievement.

Characteristics EN Target Achieved EN Target not Achieved »
(n=97) (n=54)
28-day ventilator-free days after surgery 25.0 (24.0, 26.0) 19.0 (5.3, 21.8) <0.001
Mechanical ventilation duration (day) 3.0 (2.0, 4.0) 8.5 (6.0, 18.5) <0.001
Length of stay in the PICU (days) 8.0 (6.0, 10.0) 18.5 (12.0, 28.3) <0.001
Death within 28 days 0 (0%) 2 (4%) 0.24
Gastrointestinal complications within POD 7 5 (5%) 6 (11%) 0.31
Intestinal emphysema 4 (4%) 6 (11%) 0.19
Bloody stool 2 (2%) 3 (6%) 0.50
Necrotizing enterocolitis 0 (0%) 1(2%) 0.77
New infection during PICU stay 10 (10%) 17 (32%) 0.002
Ventilator-associated pneumonia 1(1%) 5 (9%) 0.04

Note: EN, enteral nutrition; PICU, pediatric intensive care unit; POD, postoperative day. *p-value from Fisher’s exact test for
categorical variables or Mann-Whitney U test for continuous variables. Data are presented as n (%) for categorical variables and as
median (interquartile range) for continuous variables.

3.2 Factors Associated with 28-Day VFDs

Factors influencing 28-day VFDs were assessed using a multivariate ZINB model. In the count model, EN
target achievement was significantly associated with an increase in 28-day VFDs. Preoperative mechanical
ventilation and increased postoperative blood transfusion volume were significantly associated with
decreased 28-day VFDs. In the zero-inflation model, only comorbidities were significantly linked to a
decreased probability of zero counts. EN target achievement was not associated with the probability of zero
counts (Table 4).
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Table 4: Factors associated with ventilator-free days within 28 days after congenital heart surgery.

Part Variable Coefficient Std. Error z-Value p*

Count model (Intercept) 3.167 0.084 37.76 <0.001
Age (months) —0.006 0.012 —0.50 0.61
BMI for age z-score <—2 0.015 0.039 0.37 0.71
Comorbidities —0.045 0.052 —-0.87 0.39
Preoperative mechanical ventilation —0.195 0.078 —2.51 0.01
RACHS-1 category >3 —0.087 0.047 —1.86 0.06
CPB time (min) 0.0001 0.0002 0.57 0.57
VISP —0.008 0.005 -1.75 0.08
Blood transfusion volume (mL/kg)® —0.002 0.0006 —3.42 <0.001
Open chest procedure within POD 7 0.046 0.064 0.73 0.47
EN target achievement 0.228 0.054 4.25 <0.001

Zero-inflation model (Intercept) —3.102 1.758 -1.76 0.08
Age (months) —0.160 0.410 —0.39 0.70
BMI for age z-score <—2 —0.352 1.030 —0.34 0.73
Comorbidities 2.968 1.399 2.12 0.03
Preoperative mechanical ventilation 1.765 0.971 1.82 0.07
RACHS-1 category >3 0.734 1.437 0.51 0.61
CPB time (min) —0.006 0.004 —1.52 0.13
VISP —0.012 0.069 —0.17 0.86
Blood transfusion volume (mL/kg)® 0.067 0.007 1.01 0.31
Open chest procedure within POD 7 1.477 1.178 1.25 0.21
EN target achievement —19.89 4255 —0.005 >0.99

Note: BMI, body mass index; CPB, cardiopulmonary bypass; EN, enteral nutrition; POD, postoperative day; RACHS, Risk
Adjustment for Congenital Heart Surgery; VIS, vasoactive-inotropic score. ?p-value from multiple analysis. "Peak value within
24 h postoperatively. “Total volume within 24 h postoperatively.

Multiple analyses using zero-inflated negative binomial regression were performed to identify the
factors independently associated with ventilator-free days within 28 days. The variables included in the
model were age, BMI, comorbidities, preoperative mechanical ventilation, RACHS-1 category, CPB time,
VIS, blood transfusion volume, open chest procedure, and EN target achievement.

3.3 Sensitivity Analysis Excluding RACHS-1 Category 6

When patients with RACHS-1 category 6 procedures (n = 14) were excluded, the association between
EN target achievement and 28-day VFDs remained significant. Other covariates that had shown significance
in the primary analysis, such as preoperative mechanical ventilation, remained significant, whereas several
lost significance. Details are presented in Table S2.

4 Discussion

In this retrospective study of acute postoperative EN therapy following congenital heart surgery
in infants aged <6 months, the EN target was achieved by 64% of patients by POD7. Those meeting
the EN target showed significantly higher 28-day VFDs, reduced mechanical ventilation duration, and
shorter PICU LOS, with fewer new infections than those who did not. Achieving the EN target was
independently associated with higher 28-day VFDs, even after adjusting for patient background and disease
severity. Preoperative mechanical ventilation, postoperative transfusion volume, and comorbidities were
also independently associated with 28 VFDs; however, the achievement of the EN target is a potentially
modifiable factor. The robustness of the association between EN target achievement and 28-day VFDs
was confirmed in a sensitivity analysis excluding RACHS-1 category 6 patients, mitigating concerns about
potential bias due to a lack of overlap across surgical risk strata.
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To the best of our knowledge, this is the first study to evaluate the association between EN target
achievement in the acute postoperative phase and clinical outcomes in patients after congenital heart
surgery. Prospective studies in the general PICU population have reported the benefits of achieving
acute-phase nutritional targets [12,13]. In these studies, achieving calorie and protein intake targets within
7 days of PICU admission was associated with a decrease in mortality; however, these studies included
only a few patients who underwent congenital heart surgery. Conversely, previous studies on EN for
patients after congenital heart surgery have been limited to those focusing on early EN or high-energy
nutritional formulas. Regarding early EN, Kalra et al. and Du et al. showed that initiating EN within
6 h post-surgery shortens the duration of mechanical ventilation and ICU stay in neonates and infants
compared with that initiated 24-48 h post-surgery [14,15]. In systematic reviews by Sigal et al. and Ni et
al., the use of high-energy EN has been reported to increase calorie and protein intake without increasing
nutritional intolerance [16,17]. Aryafar et al. and Zhang et al. reported that high-energy nutrition promotes
postoperative weight gain in infants [18,19]. Additionally, in a randomized controlled trial targeting infants
aged <6 months conducted by Ni et al., the high-energy nutrition group had a higher calorie intake, lower
incidence of pneumonia, and shorter duration of mechanical ventilation than the regular-energy nutrition
group; however, it did not compare outcomes based on whether nutritional targets were achieved during the
specific postoperative acute period [20]. Thus, no previous study has demonstrated an association between
achieving specific targets for duration, calories, and protein intake and clinical outcomes during the acute
postoperative phase. In the present study, the EN target was clearly defined in the acute postoperative phase
based on the ASPEN guidelines [11]. Although the appropriate nutritional target for postoperative patients
with CHD with increased energy expenditure remains unclear [8,28], this study’s findings are notable
because they indicate that clinical outcomes in pediatric CICU patients can be improved by providing
essential nutritional intake while preventing underfeeding and overfeeding, similar to those in the general
PICU population.

In the present study, the mechanisms whereby achieving nutritional targets were associated with
favorable clinical outcomes may be partially explained by the nutrition-associated suppression of the adverse
effects of poor prognostic factors in critically ill patients, including ICU-acquired weakness (ICU-AW)
and infection-related complications. ICU-AW is caused by enhanced catabolism owing to inflammatory
responses and stress, malnutrition, muscle weakness resulting from prolonged bed rest, and medications,
including steroids, in critically ill patients. This condition is associated with worsened outcomes, such as
prolonged mechanical ventilation, longer ICU LOS, and increased mortality [29,30]. Few reports on ICU-AW
in pediatric populations are available, and its frequency and risk factors are unknown. In children, owing
to the absence of a clear ICU-AW definition, the diagnosis is often based on clinical findings such as muscle
weakness and difficulty weaning from mechanical ventilation. Factors associated with ICU-AW in children
include infections, renal replacement therapy, and extracorporeal membrane oxygenation management [30].
However, nutritional therapy in the acute phase of critical illness reduces ICU-AW incidence and improves
extubation rates in adults [31,32], which may explain the effectiveness of postoperative nutritional therapy
after congenital heart surgery. Additionally, adequate protein intake suppresses muscle loss [33]; thus,
specifying the target protein consumption besides calories may have contributed to favorable outcomes
through ICU-AW prevention. However, because ICU-AW was not evaluated in the present study, direct
associations with these mechanisms could not be demonstrated.

Infectious complications in critically ill patients are associated with worse clinical outcomes, including
increased mortality and prolonged PICU LOS [34,35]. Conversely, EN in critically ill patients is associated
with fewer infectious complications, attributed to the maintenance of intestinal mucosa and immune
function and bacterial translocation prevention [36,37]. Through these mechanisms, in our patients, the
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reduction in infectious complications by EN may have indirectly contributed to the improvement in 28-day
VFDs—a measure of clinical outcome—as patients who achieved the EN target had a significantly lower
frequency of infectious complications than the non-achievement group.

Concerns exist regarding the increased incidence of gastrointestinal complications associated with
EN in the acute postoperative phase after congenital heart surgery. Previous reports have suggested
that single ventricle circulation, duct-dependent circulation, and low birth weight are risk factors for
NEC in infants with CHD [38,39]. However, the evidence is inconsistent, with some reports showing
no clear association between EN and NEC development [40]. EN can be initiated in patients who are
hemodynamically stable, even with inotropic agents [10,41], and nutritional interventions and protocol
implementation have been associated with decreased gastrointestinal complications [42]. Herein, although
the condition in the non-achievement group tended to be more severe, early EN was initiated in >90% of
patients in both groups, and the frequency of gastrointestinal complications did not differ significantly
between the groups. Thus, advancing EN therapy during the acute postoperative phase after congenital
heart surgery may not necessarily increase gastrointestinal complication risk; however, it is important to
identify patients at high risk for gastrointestinal complications. Combining nutrition protocols and support
teams with parenteral nutrition might be beneficial for patients at intestinal ischemia risk, such as those
with severe heart failure or single ventricle conditions.

This study has some limitations. First, as a single-center study, it is subject to potential selection bias
and its generalizability is limited. As the characteristics and treatment strategies of patients with CHD vary
across institutions and nutritional practices differ considerably among facilities and countries, validation of
these results in multicenter and international cohorts is warranted. Second, measurement bias from the
retrospective design could have influenced the accuracy of data on gastric residual volume, EN intolerance,
and subjective indicators like abdominal distention, impacting nutrient intake and gastrointestinal
complication assessments. Third, inconsistent nutritional management owing to non-standardized EN
protocols and physician discretion might have skewed the results. Fourth, REE was calculated using a
formula instead of the recommended indirect calorimetry, which is challenging to implement in pediatric
cases; thus, estimations were necessary [43]. Fifth, although the EN target in this study was defined according
to ASPEN guidelines, infants after congenital heart surgery may have elevated metabolic demands compared
with the general PICU population. Thus, our EN target may have underestimated the true nutritional
requirements. In this case, some patients in the achievement group may still have received insufficient intake,
potentially leading to an overestimation of the proportion of patients with adequate nutrition. Conversely,
the observed association between EN achievement and improved outcomes might be conservative and
achieving the true requirements could yield an even greater benefit. Future studies are warranted to
determine the optimal energy and protein targets in this population. Sixth, as this study was limited to
patients aged <6 months, future studies should encompass all patients undergoing CHD surgery. Seventh,
owing to the retrospective study design, we could not demonstrate a causal relationship between achieving
postoperative EN targets and improved outcomes. Eighth, although we adjusted for surgical complexity and
perioperative severity indicators, residual confounding cannot be excluded. In particular, patients achieving
EN targets tended to have lower severity; therefore, EN achievement may partly represent a surrogate
marker of lower illness severity rather than a direct causal factor. To determine whether EN achievement
itself exerts a causal effect on clinical outcomes, interventional studies are warranted. To address these
limitations, a future multicenter prospective study with standardized nutritional protocols is needed. Finally,
this study focused on short-term outcomes, particularly 28-day VFDs. Longer-term endpoints, such as
growth, neurodevelopment, and rehospitalization, were not evaluated, although they represent important
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clinical indicators of early nutritional status. Future studies are warranted to investigate the relationship
between postoperative nutritional achievement and these broader developmental outcomes.

5 Conclusion

Meeting acute postoperative EN targets following congenital heart surgery was independently linked
with longer 28-day VFDs in infants <6 months old. This implies that achieving at least a certain level of
EN target may improve clinical outcomes. We recommend broader prospective interventional studies to
determine the optimal energy and protein targets for these patients and explore the mechanisms by which
nutritional therapy improves outcomes.
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