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Applied nutritional investigation
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bstract Objective: We report the results of a multicenter prospective trial of early enteral trophic feeding
in a group of 56 neonates who required abdominal surgery for a variety of congenital anomalies.
Methods: In this clinical study, 33 neonates were fed in the early postoperative period (early enteral
nutrition [EEN] group), and the remaining 23 (control [C] group) were fasted until resolution of
postoperative ileus. Patients in the EEN group (Kocaeli feeding protocol) received 3 to 5 mL of
breast milk every hour through a nasogastric feeding tube, starting a mean of 12 h (8 to 20 h) after
surgery. The nasogastric tube was clamped for 40 min after each infusion and then opened for
drainage. Groups were further divided into two subgroups according to whether an intestinal
anastomosis or laparotomy was performed. The change in daily gastric drainage, time to first stool,
day of toleration to full oral feeding, and length of hospital stay were compared. Blood bilirubin
levels, white blood cell count, and C-reactive protein levels were monitored.
Results: The time to first stool and day of toleration to full oral feeding occurred significantly
sooner, whereas nasogastric tube drainage duration and hospital stay were significantly shorter in the
EEN-anastomosis group than in the C-anastomosis group. Time to first stool occurred significantly
sooner in the EEN-laparotomy group than in the C-laparotomy group, although other parameters did
not differ. Neither anastomotic leakage nor dehiscence was observed in any group. There were two
cases of wound infection and two of exitus among patients in the C group.
Conclusion: Postoperative, early intragastric, small-volume breast milk feeding is well tolerated by
newborns. It is a reliable and feasible approach in neonates even in the presence of an intestinal
anastomosis after abdominal surgery. © 2005 Elsevier Inc. All rights reserved.
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Early enteral nutrition (EEN) after abdominal surgery
as been the subject of several studies in adults, but there
re limited data in pediatric surgical patients especially in
ewborns [1–5]. Cessation of enteral feeding in the neonatal
eriod may delay enteric maturation, diminish enzymatic
ctivation, thin enteric mucosa, and atrophy enteric villae
6–9]. It has also been proposed that prolonged starvation
ay cause bacterial translocation and predispose serious

nfections in conjunction with starvation-related immune
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bE-mail address: guvench@superonline.com (B.H. Guvenc).
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eficiency [3,10,11]. The adverse effect of prolonged star-
ation on tissue regeneration also has been reported [12,13].
ostoperative convalescence of newborn infants with sur-
ically corrected obstruction of the small intestine is fre-
uently prolonged because of delayed motility in the intes-
ine proximal to the obstruction. Due to those deleterious
ffects of fasting, EEN is preferred to parenteral nutrition.

This study evaluated and compared clinical outcomes
nd possible benefits of small-volume EEN on prolonged
asting after abdominal surgery in newborns.

aterials and methods

A prospective, multicenter study was carried out in new-

orn pediatric surgical patients from January 2000 to April
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003. Fifty-six newborns who underwent upper abdominal
perations for various reasons were randomized consecu-
ively to an EEN group or a control (C) group. These groups
ere further divided into subgroups according to whether an

ntestinal anastomosis (EEN-A and C-A groups) or a lapa-
otomy (EEN-L and C-L groups) was performed (Table 1).

The EEN-L and C-L groups included patients who pre-
ented with gastroschisis, omphalocele, or diaphragmatic
ernia and required creation of an enterostomy because of
ganglionosis or anorectal malformation. The EEN-A and
-A groups included patients who had duodenal, jejunal, or

leal atresia and other disorders such as intestinal lym-
hangioma. These patients underwent a series of operative
rocedures such as intestinal anastomosis with or without
egmental resection and ileostomy closures. Patients who
resented with intestinal perforations were excluded from
he study.

EEN (according to Kocaeli feeding protocol) was per-
ormed under informed consent from parents. Patients in the
EN group were given 3 to 5 mL of breast milk every hour

hrough a simple nasogastric (NG) feeding tube, starting at
mean of 12 h (8 to 20 h) after surgery irrespective of

owel movement and defecation. The NG tube occluded for
0 min after each feeding and was left open for free drain-
ge for the next 20 min. Daily gastric drainage was collected
or evaluation. The feeding amount was increased in 5-mL
ncrements when the total amount of daily gastric fluid
rainage decreased to less than 30% of the given volume of
reast milk. In case of abdominal distention, the regimen
as reverted to the previous dose but never interrupted. The
ifference between daily gastric fluid drainage and the given
olume of breast milk was assessed to measure the possible
mount of daily absorption.

Patients in the C group received the traditional protocol
f postoperative feeding. All patients were fasted until res-
lution of postoperative ileus. Daily gastric drainage from
G tubes was collected for evaluation. Documentation of

eturn of normal bowel functions such as normal bowel
ounds and passage of gas or stool was considered sufficient
or removal of the NG tube. These patients were initially
tarted on clear fluids only and progressed to breast feeding
n accordance with their clinical outcome. In case of ab-
ominal distention or vomiting, feeding was interrupted
ntil resolution of symptoms.

able 1
emographic data of patients

EEN-L EEN-A

ale/female 14/4 10/5
ge (d)* 7 (1, 38) 10 (2,
eight (g)* 2800 (1500, 4300) 2700 (19

atients (n) 18 15

C-A, patients who underwent fasting and anastomosis; C-L, patients wh
utrition and anastomosis; EEN-L, patients who received early enteral nu
* Values are mean (minimum, maximum).
Age and weight at presentation, sex, amount of daily NG (
ube drainage, duration of drainage, time to first stool, time
eeded for total enteric nutrition, duration of hospitaliza-
ion, clinical signs and symptoms such as vomiting, abdom-
nal distention, and wound infection were assessed, and
hite blood cells counts, blood bilirubin, and albumin levels
ere compared. Statistical analysis was performed with
PSS 10.0 (SPSS, Inc., Chicago, IL, USA). To compare
pecific variables, an extended chi-square test was used.
ann-Whitney U test was used for non-parametric analysis

f continuous distributed variables. P � 0.05 was consid-
red statistically significant with a power of 76%.

esults

Fifty-six neonates (39 male and 17 female) with a mean
ge of 8.3 d (1 to 40 d) and mean weight of 2800 g (1500
o 4000 g) were enrolled in the study. Demographic data of
he groups are listed in Table 1. There were 33 patients in
he EEN groups and 23 in the C groups. There was no
tatistically significant difference across groups with regard
o age, sex, and weight distribution.

Different aspects of clinical outcome were compared
cross groups (Tables 2 and 3). An initial overall compar-
son was evaluated between the EEN and C groups. A more
etailed study was also performed, in which results were
ompared between groups EEN-L and C-L and between
roups EEN-A and C-A.

Passage of first stool was observed significantly sooner
n the EEN-L group (Table 2; P � 0.002). There was no
tatistically significant difference regarding duration of NG
eeding, time needed for full oral feeding, and hospital stay
etween groups EEN-L and C-L. White blood cell counts
nd blood levels of bilirubin and albumin did not differ
tatistically between groups EEN-L and C-L.

Passage of first stool was observed significantly sooner,
hereas duration of NG feeding, time needed for full oral

eeding, and hospital stay were significantly shorter in
roup EEN-A than in group C-A (Table 2; P � 0.05). White
lood cell counts and blood levels of bilirubin and albumin
ere not significantly different between groups EEN and C

Table 2).
During postoperative follow-up, abdominal distention

as a common observation. In contrast with this finding, a
igher frequency of vomiting was observed in the C groups

C-L C-A

7/5 7/4
5 (1, 18) 10 (1, 33)

0) 2700 (2400, 3740) 2800 (1700, 3550)
12 11

went fasting and laparotomy; EEN-A, patients who received early enteral
nd laparotomy
40)
00, 310

o under
trition a
Table 3).
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We did not encounter any anastomotic problems in
roups EEN-A and C-A. Four patients (12.1%) from the
EN groups and three of five (21.7%) patients from the C
roups showed signs of temporary clinical deterioration
uring the postoperative period. Wound infections and
eath were not observed in the EEN groups. Two wound
nfections were detected, and two patients in the C groups
ied (8.7%; Table 3).

iscussion

Postoperative ileus, nausea, and vomiting are part of a
athophysiologic reaction to abdominal surgery and tradi-
ionally have been considered obligatory responses. It has
ong been believed that cessation of oral intake is necessary
or prevention of aspiration due to vomiting and possible
nastomotic leakage after abdominal surgery. Enteral feed-
ng has long been delayed, classically and traditionally, after
bdominal operations until the occurrence of bowel move-
ents or defecation [4,14,15].
Experimental and clinical studies have shown that tradi-

ional restriction of oral intake after abdominal surgery has
o basis on scientific evidence [16], although the benefits of
nteral feeding such as enhancement of immunocompe-

able 2
omparison of clinical and laboratory data

EEN-L C-L

irst defecation (h) 25.3 � 12.8 52.2 � 32.9
uration of NG feeding (d) 4.7 � 3.0 7.9 � 8.9
ull oral feeding (d) 6.3 � 3.4 9.5 � 9.3
ospital stay (d) 9.6 � 6.1 14.1 � 11.2
BC (after feeding) 12 400 � 5378.8 11 533 � 3910

otal bilirubin 12.2 � 2.1 11.7 � 4.1
lood albumin 5.6 � 3.1 5.8 � 2.4

C-A, patients who underwent fasting and anastomosis; C-L, patients wh
utrition and anastomosis; EEN-L, patients who received early enteral nu
* Significant at P � 0.05.

able 3
valuation of clinical parameters between groups EEN and C*

EEN (n � 33) C (n � 23)

irst defecation (h)† 31.9 � 18.8 55.3 � 32.0
uration of NG feeding (d) 5.7 � 2.9 10.6 � 9.3
ormal oral feeding (d) 7.3 � 3.2 12.3 � 10.0
omiting 5 (15.5%) 5 (21.7%)
bdominal distention 14 (42.4%) 7 (30.43%)
ound infection 0 2 (8.6%)

linical deterioration 4 (12.1%) 5 (21.7%)
ortality rate 0 2 (8.6%)
ospital stay time (d)† 10.8 � 6.1 17.6 � 11.2

C, patients who underwent fasting and anastomosis or laparotomy; EEN,
atients who received early enteral nutrition and underwent anastomosis or
aparotomy; NG, nasogastric

* Values are mean � standard deviation or numbers (%) of patients.

t† Significant at P � 0.05.
ence, decreased rates of clinical infection, and maintenance
f gut structure with functional and potential attenuation of
atabolic stress response in surgical patients are widely
ccepted [6,17–19]. Our current knowledge dictates that
eristalsis of the small intestine recovers 6 to 8 h after
urgical trauma, and that moderate absorptive function is
reserved even in the absence of peristalsis, making infu-
ion of nutrients possible soon after operation. Moreover,
he direct passage of food stuff in the gut lumen increases
planchnic blood flow and stimulates the gut immune sys-
em [3,20]. The feasibility of immediate postoperative feed-
ng through an NG tube or jejunostomy recently has been
hown in extensive clinical reports [14,17,18].

A newborn patient undergoing major surgery represents
ore complex therapeutic problems than its adult counter-

art because of the smaller body, high variability in fluid
equirements, rapid growth rate, and continuation of matu-
ation in addition to increased caloric needs and low caloric
eserves. Caloric needs can be matched by total parenteral
utrition, but this has its own metabolic and technical com-
lications. Total parenteral nutrition also leads to an in-
rease of free radicals, further suppressing the immune
esponse of patients [12]. Enteral nutrition has gained in-
reased interest of pediatric and/or neonatal intensive care
nits [7–9,21], but there are only limited data in the litera-
ure regarding postoperative EEN in the pediatric popula-
ion, especially in newborns [14,22].

Proximal hypomotility after surgery in neonates with
ntestinal obstruction delays the return of normal intestinal
otility and prolongs the starving period. Prolonged star-

ation before completion of enteric mucosal development
as been shown to lead to mucosal atrophy and villous
attening [1,6,14]. Increased intestinal permeability due to

his mucosal injury further facilitates infections through
nteric bacterial translocation [1,10,17]. Prolonged starva-
ion produces thinning of the intestinal mucosa accompa-
ied by villous shortening and decreased enzymatic activity.
mall-volume EEN is not intended to meet the full caloric
eeds of a newborn undergoing abdominal surgery. It is mainly
ntended to improve enterocyte maturation (trophic effect) and

P EEN-A C-A P

0.002* 35.8 � 18.1 59.8 � 31.7 0.02*
0.96 6.9 � 2.5 13.6 � 9.3 0.01*
0.61 8.4 � 2.6 15.4 � 10.2 0.01*
0.36 12.3 � 6.1 21.4 � 10.4 0.001*
0.44 17 113 � 2438.4 13 363 � 6365.4 0.44
0.07 12.8 � 24.2 13.1 � 18.5 0.07
0.07 5.32 � 3.7 5.11 � 4.2 0.07

went fasting and laparotomy; EEN-A, patients who received early enteral
nd laparotomy; NG, nasogastric; WBC, white blood cells
.6

o under
trition a
hus prevent further intestinal atrophy. Berseth and Nordyke
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8] and Williams [9] reported significant improvements in
ntestinal function when using such trophic nutrition. Moore et
l. [17] carried out the first clinical studies that demonstrated a
lear benefit with early enteral feeding.

Many published reports have advocated continuous in-
usion of nutrients through a transanastomotic catheter or an
nterostoma after abdominal surgery [3,14,18,23]. The op-
imal volume for initiation and gradual advancement in
arly enteral feeding is still under investigation [21]. An-
ther topic of interest is the choice of the appropriate type of
utrients according to age and disease. In neonatal intensive
are units, breast milk at 5 to 20 mL · k�1 · h�1 is used
requently for continuous enteral infusion [7,21,24]. In our
rial, we preferred to use the more physiologic gastric route
hrough simple NG tubing. We hoped to avoid further com-
lications due to enterostomas. The daily amount of nutrient
iven (3 to 5 mL/h of breast milk) was in accordance with the
outine practice reported from a neonatal intensive care unit.

In several series, early enteral feeding has been reported
o have no beneficial effects due to side effects such as
istention, nausea, and vomiting after major gastrointestinal
urgery [2,5]. To prevent distention and vomiting, we used
0 min of free drainage intervals before each feeding. Four-
een patients from the EEN groups (42.40%) and seven from
he C groups (30.43%) in our study developed abdominal
istention, but vomiting was observed less frequently in the
EN groups than in the C groups (Table 3). We regard an
ourly intermittent cycling enteral feed followed by con-
omitant drainage as a physiologic approach compared with
ontinuous enteral infusion in neonates, especially after
bdominal surgery.

Beneficial effects of intraluminal content on intestinal
otility have been reported in different studies [3,14,15,23].
ne prominent feature of our study was the beneficial effect
f EEN on duration of postoperative ileus. Postoperative
assage of first stool was observed significantly sooner in
he EEN groups than in C groups (Table 2; P � 0,05).
eturn of normal intestinal motility may be delayed up to
wk after repair of gastroschisis or duodenal atresia due to

rolonged intestinal adaptation. Sharp et al. [22] reported
hat EEN decreases hospital stay and may improve outcome
n patients who have gastroschisis. Early introduction of
nteral feeding has been reported to accelerate the transit
ime from initiation of oral feeds to full oral feeding
2,13,23]. The transit time from initiation to full oral feeding
as significantly decreased in the EEN-A group compared
ith the C-A group (8.4 � 2.6 versus 15.4 � 10.2 respec-

ively; P � 0.05).
Beier-Holgersen et al. [11] established that EEN after

bdominal surgery importantly decreases infectious compli-
ations. Because the gastrointestinal tract is one of the
argest immune organs within the body, strategies to max-
mize its immune function may improve outcomes in infants

nd help prevent or minimize the risk of infection. No
ound infections were observed in the EEN groups in our
tudy. In addition, the absence of mortality in the EEN
roups may be a clue to an improved immune resistance,
hus diminishing the risk of infection even in such a small
tudy group.

It has long been believed that postoperative fasting aids
n preventing an intestinal anastomosis from dehiscence.
his argument has not been proved by any means of scien-

ific data. In contrast, increased wound healing and anasto-
otic strength have been demonstrated with EEN in exper-

mental and clinical studies [19,25–27]. It is also clear that
normal physiologic amount of intraluminal fluid passing

hrough an anastomosis in a fasting patient would be no less
han a few liters per day. Thus, an additional 100 to 150 mL
f nutrients would likely cause no harm to the anastomotic
ite. Despite the transanastomotic passage of nutrients in our
atients under the EEN protocol, we did not confront any
omplications related to the anastomosis site. Sangkhathat
t al. [28] reported that EEN stimulates early bowel move-
ent and decreases hospital stay without increasing adverse

ffects after colostomy closure in pediatric patients.
A meta-analysis showed that duration of hospitalization

as shorter in 8 of 11 studies on EEN [25]. The present
tudy also showed that hospital stay was significantly
horter in the EEN groups.

In conclusion, early, intragastric, small-volume breast
eeding is well tolerated by newborns in the postoperative
eriod, and its benefits are valuable regardless of the type of
bdominal operation performed. We also advocate the use
f small-volume nutritional support according to our feed-
ng protocol. The steady increase of nutritional elements in
radient within bowel fluids seems to provide a trophic
ffect on gut mucosa and prevent adverse effects of pro-
onged fasting in a neonate.
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