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Early enteral nutrition in neonates with partial
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Background and Objectives: Compared with total parenteral nutrition (TPN), enteral nutrition is more suitable
for patients post-operatively. Our aim was to determine the safety and feasibility of early enteral nutrition (EEN)
using a jejunum feeding tube in neonates after undergoing a partial gastrectomy. Methods and Study Design:
This was a retrospective review of 46 patients who underwent partial gastrectomies for gastric perforation in our
hospital. These patients were categorized into two groups (EEN group [n=24 patients], a jejunal feeding tube was
inserted during surgery; and a control group [n=22 patients], a jejunal feeding tube was not placed). Differences
in operative time, time to first defecation post-operatively, time to first oral feeding post-operatively, length of
hospital stay post-operatively, nutrition indices, and post-operative complications (died due to septic shock, cho-
lestasis, pneumonia, abdominal distension, and diarrhea) were reviewed. Results: There were no significant dif-
ferences in the operative time and the time to first oral feeding post-operatively between the two groups; however,
the time to first defecation post-operatively in the EEN group and the hospital length of stay post-operatively for
the EEN group were significantly shorter than the control group. The levels of albumin, retinol binding protein,
and prealbumin were not significantly different between the two groups pre-operatively and 14 days post-
operatively. The incidence of cholestasis and abdominal distention in the EEN group was significantly lower than
the control group. Conclusion: EEN using a jejunal feeding tube in neonates who have undergone a partial gas-

trectomy for gastric perforation is safe, easy, and has fewer complications than TPN.
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INTRODUCTION
Gastric perforation is a serious problem for neonates and
is associated with a high mortality rate."* Gastric perfora-
tion may occur due to a number of reasons, including
congenital agenesis of gastric muscle, asphyxia, vigorous
respiratory effort, stress at birth, and increased intra-
gastric pressure caused by distal obstruction.*
Anastomosis leakage of the stomach is a serious com-
plication following partial gastrectomy. Anastomosis
leakage is often lethal, thus to protect the stomach sutures,
and the edema and paralysis of the intestinal for the
chemical peritonitis and septic bacterial peritonitis results
from gastric perforation, a long period of gastric rest after
partial gastrectomy is recommended. However, a long
period of fasting leads to longer hospital stays, additional
costs, and is associated with increased morbidity and
mortality.”* Moreover, hospitalized patients are at risk for
malnutrition. Malnutrition contributes to impaired muscle
function, organ function, and impaired immune function,
which also lead to an increased incidence of infection,
extended hospitalization, and increased morbidity.’™"'
Compared with total parenteral nutrition (TPN), enteral
nutrition (EN) is less expensive, requires a shorter hospi-

tal stay, improves nitrogen balance, and has fewer septic
complications.'>"* Early enteral nutrition (EEN) can pre-
vent gut mucosal atrophy, maintain the gut absorptive
capacity and peristaltic activity, and preserve the gut mu-
cosal barrier and immunocompetence post-operatively.
Moreover, EEN after subtotal gastrectomy has been suc-
cessfully administered to adults,'® but whether or not
EEN after subtotal gastrectomy in newborns is also feasi-
ble and safe is unknown.

Our aim was to investigate if EEN using a jejunum
feeding tube in neonates after undergoing a partial gas-
trectomy is safe and feasible.
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MATERIALS AND METHODS

Subjects

This was a retrospective review of 46 patients with gastric
perforations, including 28 patients who were treated in
the Department of Paediatric Surgery at Nanjing Chil-
dren’s Hospital affiliated with Nanjing Medical Universi-
ty, 12 patients who were treated in the Department of
Paediatric Surgery of Beijing Children’s Hospital Affili-
ated to Capital Medical University, and six patients who
were treated in the Department of Paediatric Surgery of
Anhui Provincial Children’s Hospital, between 1 January
2008 and 31 July 2014.

The study was approved by the Ethics Committees of
Nanjing Children’s Hospital, Beijing Children’s Hospital
Affiliated to Capital Medical University, and Anhui Pro-
vincial Children’s Hospital. All of the guardians of the
study subjects consented to this study. The patients were
categorized into two groups: the EEN group (n=24 pa-
tients; 14 males and ten females 2-12 days of age; median
age=4.5 days), and the TPN group (control group; n=22
patients; 14 males and eight females 2-11 days of age;
median age=4.8 days). In the EEN group, EEN was initi-
ated 48 h post-operatively. A micro-pump was used for
continuous infusion EN. Nutrients were derived from 5%
dextrose with a gradual transition to a low osmolality,
extensively-hydrolyzed formula (Pepti-Junior Nutricia the
Netherlands), in which 100 mL contains 67 kcal. Oral
feeding was started after 7+2 days of EN and when no
biliary drainage occurred in the nasogastric tube aspirate.
Then, the quantity of formula was gradually increased to
complete oral nutritional feeding. Inadequate calorie in-
take was supplemented by parenteral nutrition (PN). All
of the patients received a total of 70 kcal/kg/d. For PN,
the paediatric compound amino acid began at 1.5 g/kg/d
and gradually increased to 3 g/kg/d; fat accounted for
40%-50% of the calories, and the remaining calories were
supplemented by glucose.

The jejunal feeding tube was a silicone catheter, 150
cm in length and 2 mm in diameter (6-Fr). When the par-
tial gastrectomy was completed, the EN catheter was in-
serted through a nostril, advanced through the pylorus,
and placed in the jejunum under direct visual assistance.
The tip of the feeding tube was placed advanced approx-
imately 10 cm distal to the ligament of Treitz (Figure 1).

A jejunal feeding tube was not placed in the TPN
group (control group); a nasogastric aspirate tube was
routine placed post-operatively, and the patients were
administered TPN. Oral feeding was started when no bili-
ary drainage existed in the nasogastric aspirate tube, then
the quantity of feeding was gradually increased to com-
plete oral nutritional feeding.

Differences in operative time, time to first defecation
post-operatively, time to first oral feeding post-
operatively, length of hospital stay post-operatively, nu-
trition indices (levels of albumin, retinol binding protein,
and prealbumin), and post-operative complications (died
due to septic shock, cholestasis [serum direct biliru-
bin >34 pumol/L], pneumonia, abdominal distension, and
diarrhea) were reviewed.

Statistical analysis
Statistical analysis was carried out using SPSS software

(version 14.0; SPSS, Inc., Chicago, IL, USA). A Pearson
chi-square test was used to compare the complications in
the two groups. The operative time, time to first defeca-
tion post-operatively, time to first oral feeding post-
operatively, and length of hospital stay post-operatively
are expressed as the mean+SD. Parameters were analyzed
using Student’s t-tests. For the above parameters, p<0.05
was considered statistically significant.

RESULTS

Operative time

The operative times of the EEN and control groups were
103.3+15.5 min and 98.5+11.7 min, respectively. There
was no statistically significant difference between the two
groups (Figure 2A).

Time to first defecation post-operatively

The time to first defecation post-operatively in the EEN
and control groups was 50.1£5.1 h and 69.4+6.8 h, re-
spectively. The time to first defecation in the EEN group
was significantly shorter than the control group (Figure
2B).

Time to first oral feeding post-operatively

The time to first oral feeding post-operatively in the EEN
and control groups was 7.3+£0.5 days and 7.5+0.6 days,
respectively. There was no statistically significant differ-
ence between the two groups (Figure 2C)

Length of hospital stay post-operatively

The length of hospital stay post-operatively in the EEN
and control groups was 12.242.7 days and 17.3£3.2 days,
respectively; the hospital length of stay post-operatively
in the EEN group was significantly shorter than the con-
trol group (Figure 2D).

Nutrition indices and increases in body weight

The levels of albumin, retinol binding protein, and
prealbumin were not significantly different between the
two groups pre-operatively and 14 days post-operatively.
(Figure 3A—C). The weekly increase in body weight in
the EEN and control groups was 10.9+0.7 g and 10.4+1.2
g, respectively (two weeks post-operatively). There was
no statistically significant difference between the two
groups with respect to the weekly increase in body weight.

Post-operative complications

In the EEN group, no tube plugging occurred; however,
one patient died due to septic shock, one patient devel-
oped cholestasis, pneumonia occurred in two patients, no
patient developed abdominal distention, and diarrhea oc-
curred in three patients.

In the control group, two patients died due to septic
shock, cholestasis occurred in six patients, pneumonia
occurred in three patients, abdominal distention occurred
in four patients, and diarrhea occurred in two patients.

The incidence of cholestasis and abdominal distention
in the EEN group was significantly lower than the control
group. The incidence of mortality, and pneumonia was
lower than the control group, and the incidence of diar-
rhea was higher than the control group, but the differ-
ences were not significant (Figure 3D). Four cases under-
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Figure 1. Jejunal feeding tube placement. (A) Gastric perforation in a neonate. (B) The end of the catheter (arrow). (C) Observation of
the position of the tip (three consecutive spherical bright spots) of the feeding tube post-operatively by X-ray. (D) Nutrition tube is di-

rectly connected to the nipple of the injector to pump milk.
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Figure 2. (A)The operative time was not significantly different between the two groups. (B) The time to first defecation in the EEN
group was significantly shorter than the control group. (C) Time to first oral feeding post-operatively was not significantly different be-
tween the two groups. (D) The hospital length of stay post-operatively in the EEN group was significantly shorter than the control group

('p<0.05).
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went repeat surgery in the TPN group for adhesive intes-
tinal obstruction.

DISCUSSION

We have presented our experience with a 6-Fr jejunal
feeding tube in neonates who have undergone a partial
gastrectomy. No patients had tube plugging in the EEN
group, and the incidence of cholestasis in the EEN group
was lower than the control group.

There are multiple etiologies for neonatal gastric perfo-
ration, including congenital agenesis of the gastric mus-
cle,' ischemia of the stomach wall resulting from as-
phyxia,'® and C-KIT mast cell deficiency.'’ Gastric perfo-
ration in neonates usually occurs between 2 and 7 days of
age.” All of these patients presented with gastric perfora-
tion in this study at 2-12 days of age, and most of the pa-
tients in the current study between 2 and 7 days of age.

In a study involving jejunal feeding in adults which
commenced approximately 24 h post-operatively, toler-
ance of the feed and a shorter length of hospital stay were
reported.”"* Considering the edema and paralysis of the
intestines and tolerance of the neonates however, in our
study jejunal feeding commenced approximately 48 h
post-operatively. Patients with peritonitis resulting from
gastric perforation (chemical peritonitis and septic bacte-
rial peritonitis) differ from most other gastrointestinal
procedures because of the edema and paralysis of the in-
testines. Many other studies have demonstrated that EEN
is feasible in patients with perforation peritonitis. EEN

reduces septic morbidity and is feasible in patients with
perforation peritonitis.”> Moreover, EEN is well-tolerated
in patients with perforation peritonitis, helps to reduce the
duration of ileus post-operatively, and reduces the inci-
dence of complications.”*

Pneumonia is one of the potential complications in ne-
onates who receive EEN.” In the current study, a micro-
pump was used for continuous infusion EN. There were
only two patients who developed pneumonia in the EEN
group.

A high-osmotic EN liquid infused directly into the je-
junum will cause diarrhea. As a result, diarrhea is the
most frequently reported complication in the EEN group
in many other studies.'”" Pepti-Junior is a depth-
hydrolyzed protein formula powder (80% short peptides +
20% amino acids). The osmotic pressure of Pepti-Junior
is 210 mOsm/kg. Pepti-Junior contains glutamine, which
helps to restore intestinal function, so we chose Pepti-
Junior as the EN liquid. The low osmolality of Pepti-
Junior may reduce the incidence of diarrhea in neonates
who receive EEN; indeed, in the current study, the inci-
dence of diarrhea was very low. Moreover, for the low
osmotic pressure of Pepti-Junior, neonatal necrotizing
enterocolitis was not observed.

With EEN, the liver serves as the first site for pro-
cessing nutritional components and can increase bile ex-
cretion, which can facilitate the treatment of cholestasis
caused by infections or fat emulsion in PN. Indeed, in the
current study a significant reduction in cholestasis was
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Figure 3. Levels of albumin. (A) prealbumin. (B) and retinol binding protein. (C) were not significantly different between the two groups
pre-operatively and 14 days post-operatively. (D) The incidence of cholestasis and abdominal distension in the EEN group was signifi-
cantly lower than the control group. The incidences of mortality and pneumonia were lower than the control group, but the differences

were not significant (*p<0,05).
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observed in the EEN group compared to the control group.

EEN after gastrointestinal tumor resection has been
shown to have a lower incidence of infections.***’ Indeed,
in the current study a reduction in septic complications,
albeit not statistically significant, was observed in the
EEN group compared to the control group.

Our intent in the group in which micro-feeding of EEN
was implemented was to improve the intestinal blood
circulation, protect the intestinal mucosal barrier, promote
the recovery of intestinal peristalsis and function, and
reduce adhesion formation. Indeed, in the current study a
significant reduction in abdominal distention was noted in
the EEN group compared to the control group.

In addition to reducing the complication rate, there are
other advantages of administering EEN via a jejunal feed-
ing tube and micro-feeding. A shorter length of hospital
stay in the EEN group was observed in this study because
EN was started early, so the amount of oral feeding in-
creased faster and a similar outcome has been observed in
other studies.’'

Previous studies have demonstrated that EEN has many
benefits for malnourished patients. EEN improves nutri-
tional status by increasing nutrient intake in the intes-
tine®** and altering the hypermetabolic response after
surgery.”” The half-life of serum albumin is 20 days, thus
the suitability of an albumin level for assessment of nutri-
tional support is controversial. Retinal binding protein
and prealbumin have a short half-life and are more sensi-
tive parameters for assessment of supplementation on the
nutritional status. However, in the present study the nutri-
tional status based on the levels of albumin, prealbumin,
and retinol binding protein was not significantly different
in EEN group compared to the control group 2 weeks
post-operatively. When we provide nutrition for these
patients, the calories between the two groups is consider-
able, so there is no significant difference in the nutrition
indices in the two groups.

EEN support is an important part of the care of critical-
ly ill neonates post-operatively. The current study showed
that a jejunal feeding tube following a partial gastrectomy
is safe, feasible, well-tolerated, and associated with fewer
complications and better clinical outcomes. Clearly, fur-
ther research is needed to collect additional data.
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