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Abstract 

Objective To investigate the feasibility and clinical outcomes of early enteral nutrition (EN) in critically ill neonates 
supported by extracorporeal membrane oxygenation (ECMO).

Methods We retrospectively analyzed the clinical data of 16 critically ill neonates who received ECMO support for 
respiratory and circulatory failure from July 2021 to December 2022 at our center. The patients were divided into 
two groups: the early EN group (< 24 h) and the late EN group (> 24 h). The related clinical and nutrition‑related 
indicators between the groups were compared.

Results There was a significant difference in the time from ECMO treatment to the start of EN between the early EN 
group (9 patients, 56.2%) and the late EN group (7 patients, 43.8%) (P < 0.05). However, there were no significant differ‑
ences in ECMO duration, hospitalization time, vasoactive‑inotropic score (VIS), intestinal oxygen saturation, or routine 
stool occult blood (OB) test between the two groups (all P > 0.05). The incidence of complications such as intestinal 
obstruction, abdominal distension, diarrhea, and necrotizing enterocolitis (NEC) was slightly lower in the early EN 
group, but the differences were not statistically significant (all P > 0.05). The early EN group had a shorter time [3.6 (3.5, 
5) vs. 7.5 (5.9, 8.5) d] to reach full gastrointestinal nutrition compared to the late EN group (P < 0.05).

Conclusion Providing early nutritional support through enteral feeding to critically ill neonates receiving ECMO treat‑
ment is both safe and practical, but close monitoring of clinical and nutritional indicators is essential.
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Introduction
Extracorporeal membrane oxygenation (ECMO) is 
a complex medical technique that employs a variety 
of established and emerging technologies to provide 

supportive therapy for critically ill neonates and chil-
dren experiencing reversible cardiopulmonary failure [1, 
2]. Although patients usually experience respiratory or 
hemodynamic stabilization within the first few days after 
ECMO treatment, providing early enteral nutrition (EN) 
and achieving caloric goals in pediatric patients with 
ECMO continue to pose significant clinical challenges. 
Malnutrition is a common problem among critically ill 
patients, particularly those receiving ECMO support, 
and it increases the risk of morbidity and mortality [3, 
4]. Therefore, providing adequate nutrition is crucial to 
minimize the physiological complications of critical ill-
ness and promote recovery. Several studies have reported 
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decreased intestinal perfusion and intestinal barrier dys-
function during ECMO support [5, 6]. Thus, early initia-
tion of EN may increase the risk of intestinal ischemic 
injury or NEC. Despite these concerns, some reports 
confirmed that early use of EN in neonatal patients was 
safe and well tolerated [7–9]. Moreover, EN has been 
shown to improve gastrointestinal immune function, 
promote positive nitrogen balance, and reduce sepsis-
related morbidity and costs [10, 11]. At present, there 
are specific nutritional guidelines for the use of neonatal 
ECMO [12]. However, there is still a lack of research on 
the optimal timing of EN initiation and the clinical effi-
cacy of EN in critically ill neonates receiving ECMO. This 
study aimed to retrospectively analyze the clinical data of 
16 critically ill neonates supported by ECMO due to car-
diopulmonary failure and investigate the clinical efficacy 
of early EN in neonates requiring ECMO support.

Methods and materials
Patient
This study retrospectively analyzed the clinical data of 
16 critically ill neonates who received ECMO support 
for respiratory and circulatory failure from July 2021 to 
December 2022. The inclusion criteria were as follows: 
1. aged 1–28 days; 2. veno-arterial (VA) ECMO support 
for more than 48 h; and 3. after VA-ECMO support, the 
patient’s circulation was considered stable and able to tol-
erate enteral nutrition (EN). The exclusion criteria were 
as follows: 1. gastrointestinal perforation or active bleed-
ing; 2. complete mechanical ileus or persistent paralytic 
ileus; 3. severe gastrointestinal malformations; 4. severe 
gastrointestinal dysfunction caused by abdominal infec-
tion; and 5. milk protein allergy. The start time of EN was 
determined by the clinician based on the patient’s cir-
culatory status. According to the definition, all patients 
were divided into an early EN group (9 patients, EN 
started within 24 h) and a late EN group (7 patients, EN 
started after 24  h) [13]. All 16 patients received ECMO 
treatment in our cardiac intensive care unit (CICU). All 
research data were collected from the electronic medi-
cal record system and inpatient database. The study was 
approved by the medical ethics committee of the hospi-
tal, and all family members of the patient provided oral 
and written informed consent.

Intervention method
Criteria for neonatal ECMO treatment: according to 
the ELSO Neonatal Respiratory Support Guidelines, the 
criteria must have met one of the following conditions: 
1. reversible cardiopulmonary failure; 2. oxygenation 
index > 40 and duration > 4  h; 3. after 24  h of conven-
tional treatment, oxygen composite index > 20; 4. severe 

progressive respiratory failure or combined with ven-
tricular failure, or combined with the use of high-dose 
cardiovascular drugs for an extended period. The abso-
lute contraindications for neonatal ECMO treatment 
were as follows: 1. grade III-IV intracranial hemorrhage; 
2. severe coagulation abnormalities; 3. fatal congenital 
malformations; and 4. chromosomal abnormalities. The 
relative contraindications were as follows: 1. gestational 
age < 34  weeks; 2. birth weight < 2000  g; 3. mechanical 
ventilation time > 10 days with no improvement.

Nutritional support protocol: The nutritional regi-
men for the enrolled patients was based on their physi-
cal examination, gastrointestinal symptoms, daily fluid 
intake and output, laboratory tests, ECMO parameters, 
ventilator parameters, dosage and types of vasoactive 
drugs. A daily nutritional treatment plan was formulated 
and prescribed by the clinical nutritionist. EN started 
with the principle of “nourishing” feeding, with continu-
ous feeding of 0.5 to 1.0 ml/kg/h of breast milk or formula 
via a nasogastric catheter. After 4  h of enteral feeding, 
the patient’s tolerance was assessed, and if tolerated, the 
patient’s feeding rate was increased by 1  ml/kg/h every 
4 h (to a maximum of 6 ml/kg/h); if intolerance occurred 
during this period, the feeding rate was reduced by 50% 
of the current dose. Breast milk was the first choice, but 
if breast milk was not available, donated breast milk or 
deeply hydrolyzed formula milk could be used [14].

Data collection
We collected the following data: 1. clinical data, includ-
ing age, weight, sex, gestational age, etiology of ECMO 
support, ECMO mode, ECMO duration, vasoactive-
inotropic score (VIS) before ECMO, length of CICU 
stay, hospitalization time, etc. 2. Nutrition-related data 
included EN support start time, time to reach full gas-
trointestinal nutrition, gastrointestinal complications 
(intestinal obstruction, abdominal distension, diarrhea, 
NEC, etc.), intestinal oxygen saturation, and stool routine 
occult blood (OB) test.

Statistical method
Statistical analysis was conducted using SPSS 25.0 software, 
with a significance level set at 0.05. The results were con-
sidered statistically significant if the P value was less than 
0.05. Quantitative data were presented as the mean ± stand-
ard deviation, and comparisons between groups were made 
using a two-sample t test or nonparametric rank sum test. 
Categorical data were presented as frequencies and per-
centages, and comparisons between groups were made 
using a chi-squared test or Fisher’s exact test.
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Result
There were 16 neonates in the study, with 12 males 
(75%) and 4 females (25%); the median age was 2 (1.75, 
4) days, and the median weight was 3.3 (2.9, 3.7) kg. All 
the reasons for ECMO support were respiratory and 
circulatory failure, including 8 cases of primary per-
sistent pulmonary hypertension combined with res-
piratory failure, 2 cases of low cardiac output syndrome 
after congenital heart disease, 2 cases of severe pertus-
sis infection, 2 cases of meconium aspiration syndrome, 
and 3 cases of surgical repair of congenital diaphragmatic 
hernia. ECMO was performed in the veno-arterial (VA) 
mode. Combined continuous renal replacement therapy 
(CRRT) was administered in 8 patients (accounting for 
50%). The median stay in the CICU was 20.5 (12, 28.7) 
days, 14 patients (87.5%) were successfully withdrawn 
from ECMO, and 11 patients (68.7%) survived and were 
discharged. The median ECMO treatment time of the 16 
patients was 84 (69.5, 88.5) hours, and the median length 
of hospital stay was 26.5 (20.5, 29.5) d.

Seven neonates in the early EN group were success-
fully withdrawn from ECMO, whereas 2 patients failed to 
do so. Of the three nonsurviving ECMO neonates in the 
early EN group, the reason was intractable low cardiac 
output syndrome. All patients in the late EN group were 
successfully withdrawn from ECMO. Of the two nonsur-
viving ECMO neonates in the late EN group, one was for 
inadequate cardiac output from congenital heart surgery 
that caused heart failure, and the other was for refractory 
pulmonary hypertension and secondary heart failure. 
Between the two groups, age [2 (1.75, 3.25) vs. 2 (1.5, 5) 
d], weight [3.05 (2.99, 3.26) vs. 3.65 (3.15, 3.75) kg], gesta-
tional age [38.9 (37.7, 40.1) vs. 37.3 (36.6, 38.8) w], ECMO 
treatment time [79 (69, 87) vs. 84 (72, 86) h], length of 
CICU stay [15 (12, 22) vs. 23 (17, 38) d], length of hos-
pital stay [26 (15, 29) vs. 25 (22, 38) d], and VIS before 
ECMO [53 (50, 61) vs. 55 (54, 56)] were not significantly 
different (all P > 0.05) (Table 1).

The two sets of EN support start times [19.1 (15.5, 
21.9) vs. 33.3 (27.6, 4.5) h] were significantly different 
(P = 0.001). Intestinal oxygen saturation of the two groups 
[56 (54.7, 57.5) vs. 56 (54.5, 57.5) %] and stool routine 
OB test positivity (0/9 vs. 1/7) did not show statistically 
significant differences (P > 0.05). In the early EN group, 
6 patients were breastfed, and 3 patients were fed with 
deeply hydrolyzed formula powder. In the late EN group, 
5 patients were breastfed, and 2 patients were fed deeply 
hydrolyzed formula milk. Eleven patients survived at the 
end, and all were fed by mouth before discharge.

Among the 9 neonates treated with early EN, 1 devel-
oped abdominal distension, and the rest of the patients 
did not experience intestinal obstruction, abdominal dis-
tension, diarrhea, or NEC. Among the 7 neonates treated 

with late EN, 2 patients had abdominal distension, 1 
patient had a positive fecal occult blood, and the rest of 
the patients did not experience intestinal obstruction, 
abdominal distension, diarrhea, or NEC. The incidence 
of intestinal obstruction, abdominal distension, diarrhea, 
and NEC in the early EN group was slightly lower than 
that in the late EN group, but there was no statistical sig-
nificance (P > 0.05). For the full gastrointestinal nutrition 
time of the two groups [3.6 (3.5, 4.1) vs. 7.5 (5.9, 8.5) d], 
the difference was statistically significant (P = 0.003), as 
shown in Tables 2 and 3.

Discussion
Critically ill neonates supported by ECMO require opti-
mal nutritional therapy. Malnutrition is a common issue 
among critically ill neonates and is linked to increased 
morbidity and mortality [13]. Enteral nutrition, particu-
larly early EN within 24 h, not only provides nutritional 
substrates but also improves the intestinal mucosal bar-
rier and immune function and maintains intestinal 
microecology [15]. Early EN is becoming increasingly 
accepted and applied clinically. Due to factors such as 
hypotension, hypoperfusion, hypoxemia, and the use of 
vasopressors in neonates undergoing ECMO, medical 
staff often delay feeding for safety reasons [16]. In the 
past, there was much controversy surrounding whether 
infants on ECMO should receive EN, with concerns that 
hypoxia–ischemia and damage to the integrity of the 
intestine could lead to bacterial translocation, sepsis, and 
serious adverse events, such as necrotic small bowel and 
colon inflammation and multiple organ failure [15]. How-
ever, research has shown that while the intestinal integ-
rity of ECMO neonates is damaged to some extent, the 

Table 1 General clinical characteristics of neonates in the two 
groups

ECMO extracorporeal membrane oxygenation, CICU cardiac intensive care unit

Item Early enteral 
nutrition group 
(n = 9)

Late enteral 
nutrition group 
(n = 7)

P value

Gender(Male/
Female)

7/2 5/2 0.77

Age (d) 2 (1.75, 3.25) 2 (1.5, 5) 0.95

Weight (kg) 3.05 (2.99, 3.26) 3.65 (3.15, 3.75) 0.63

Gestational age (w) 38.9 (37.7, 40.1) 37.3 (36.6, 38.8) 0.24

ECMO duration (h) 79 (69, 87) 84 (72, 86) 0.95

VIS score before 
ECMO

53 (50, 61) 55 (54, 56) 0.70

Length of CICU 
stay (d)

15 (12, 22) 23 (17, 38) 0.45

Length of hospital 
stay (d)

26 (15, 29) 25 (22, 38) 0.83
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introduction of EN does not lead to further deterioration 
[12]. Adequate macronutrient support has been shown to 
improve outcomes, and a large multicenter study of over 
1000 mechanically ventilated children found that provid-
ing 60% of prescribed protein requirements was associ-
ated with lower mortality [16–19].

A study of 96 hospitals in the United States found that 
in 84.2% of these neonates, EN was begun during ECMO 
treatment, and in 38% of cases, feeding routines were 
established for neonates and children on ECMO [20]. 
These results suggested that starting EN during ECMO 
had become a common practice among physicians. To 
investigate the benefits and outcomes of providing early 
EN to critically ill neonates on ECMO, our center ana-
lyzed the clinical data of 16 neonates with ECMO for res-
piratory and circulatory failure. Our results showed that 
complications such as intestinal obstruction, abdominal 
distension, diarrhea, and NEC were less frequent in the 
early EN group than in the late EN group. Additionally, 
the full gastrointestinal feeding time was better in the 
early EN group. These findings indicated that early EN 
could restore gastrointestinal function faster in critically 
ill neonates and suggested that early EN was safe and 
effective for neonates with ECMO. We believe that early 

EN could provide essential nutrients, such as calories, 
protein, and trace elements, safely and effectively.

Currently, there is an ongoing debate about when to 
begin EN during ECMO treatment. However, early EN is 
the widely accepted perspective by many scholars. Piena 
et al. initiated enteral feeding between 3–9 days of ECMO 
support for neonates [12]. Scott et  al. retrospectively 
studied the safety and tolerance of early EN in 27 adult 
ECMO patients and found that EN could begin within 
the first 24–36 h of ECMO support [21]. This study found 
that the starting time of EN in the early EN group was 
19.1 (15.5, 21.9) hours, which was earlier than those in 
most studies, and it was found to be safe and effective. 
Based on our research results, we believe that for criti-
cally ill neonates receiving ECMO support, the starting 
time of EN could be even shorter. In a CICU center, seven 
VA-ECMO patients with severe hemodynamic disorders 
received EN as their sole source of nutrition, 2 patients 
received EN within the first 24 h, all patients received EN 
within 48 h, and EN was generally well tolerated. Within 
one week, more than 70% of the nutritional target value 
was achieved [9]. Therefore, with appropriate medical 
monitoring, early EN treatment in infantile patients with 
VA-ECMO is feasible and safe.

Table 2 Comparison of nutrition‑related data between the two groups

NEC Necrotizing enterocolitis, OB occult blood test

Item Early enteral nutrition group (n = 9) Late enteral nutrition group (n = 7) P value

EN support start time (h) 19.1 (15.5, 21.9) 33.3 (27.6, 34.5) 0.001

Time to reach full gastrointestinal nutrition (d) 3.6 (3.5, 4.1) 7.5 (5.9, 8.5) 0.003

Intestinal oxygen saturation (%) 56 (54.7, 57.5) 56 (54.5, 57.5) 0.556

Gastrointestinal Complications
 Intestinal obstruction 0(0%) 0(0%) NS

 Abdominal distension 1(11.1%) 2(28.5%) 0.37

 Diarrhea 0(0%) 0(0%) NS

 NEC 0(0%) 0(0%) NS

 Stool routine + OB (positive) 0(0%) 1(14.3%) 0.27

Table 3 Comparison of nutrition‑related data between breastfeeding group and non‑breastfeeding group

NEC Necrotizing enterocolitis, OB occult blood test

Item Early enteral nutrition group (n = 9) P value Late enteral nutrition group (n = 7) P value

Breastfeeding 
group (n = 4)

Non-breastfeeding 
group (n = 5)

Breastfeeding 
group (n = 3)

Non-breastfeeding 
group (n = 4)

Intestinal obstruction 0(0%) 0(0%) NS 0(0%) 0(0%) NS

Abdominal distension 0(0%) 1(20.0%) 0.38 1(33.3%) 1(33.3%) 0.81

Diarrhea 0(0%) 0(0%) NS 0(0%) 0(0%) NS

NEC 0(0%) 0(0%) NS 0(0%) 0(0%) NS

Stool routine + OB (positive) 0(0%) 0(0%) NS 0(0%) 1(25.0%) 0.34
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In this study, in the early EN group during neonatal 
ECMO treatment, minimal enteral feeding was found 
to be safe and effective while using multiple vasoactive 
drugs. Early EN in critically ill neonates typically involves 
minimal feeding, which can stimulate the secretion of 
intestinal hormones and reduce the risk of heterogene-
ous infections compared with TPN support. Critically ill 
patients often require vasopressors (such as epinephrine, 
norepinephrine, dopamine, and vasopressin) to maintain 
proper hemodynamics due to hypotension and sepsis. 
Most vasopressors have vasoconstrictive effects, which 
can potentially affect gastrointestinal motility and perfu-
sion. However, in this study, only one patient experienced 
mild abdominal distension during ECMO support, which 
subsided quickly after defecation, suggesting that early 
EN was safe even when using multiple vasoactive drugs 
during ECMO assistance. In a large trial of critically ill 
shock patients who received vasopressor support, 28-day 
all-cause mortality did not differ between parenteral 
nutrition and EN [22]. However, for safety reasons, it is 
important to closely monitor gastrointestinal conditions 
in patients receiving vasoactive drugs while receiving EN 
treatment.

This study also had some limitations. Due to the small 
number of such patients in our area, we could only 
include patients as much as possible, so the small number 
of patients might affect the accuracy of the results. How-
ever, we still believe that our results have certain clini-
cal significance. Using 24 h as a time point, such simple 
grouping might bias the results. Much research might 
still be needed for determining which time point to take 
as the research point. In addition, there were fewer indi-
cators to evaluate, which might also affect the results. 
Finally, this was a retrospective study, and the statisti-
cal titer was not as good as that of prospective clinical 
studies.

Conclusion
Early enteral nutrition is safe and effective for critically ill 
neonates with ECMO support and has a positive impact 
on their prognosis. However, close monitoring of clinical 
and nutritional indicators is essential.
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