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Introduction: Traditionally enteral nutrition has beendelayed following abdominal surgery in children, to prevent
complications. However, recent evidence in the adult literature refutes the supposed benefits of fasting and sug-
gests decreased complications with early enteral nutrition (EEN). This review aimed to compile the evidence for
EEN in children in this setting.
Methods: Databases Pubmed, EmBase, Medline and reference lists were searched for articles containing relevant
search terms according to PRISMAguidelines. First and second authors reviewed abstracts. Studies containing pa-
tients less than 18 years undergoing abdominal surgery, with feeding initiated earlier than standard practice,
were included. Studies includingpyloromyotomywere excluded. Primary outcomewas length of stay (LOS). Sec-
ondary outcomes included time to full enteral nutrition, time to stool and postoperative complications.
Results: Fourteen articles met inclusion criteria— five on neonatal abdominal surgery, three on gastrostomy for-
mation and six on intestinal anastomoses. Therewere three randomized control trials (RCTs), five cohort studies,

four historical control trials, one nonrandomized trial and one case series. Nine studies showed a decreased LOS
with EEN. Most studies which reported time to full enteral nutrition showed improvement with EEN; however,
time to stool was similar in most studies. Postoperative complications were either decreased or not statistically
different in EEN groups in all studies.
Conclusion: Studies to date in a limited number of procedures suggest EEN appears safe and effective in children
undergoing abdominal surgery. Although robust evidence is lacking, there are clear benefits in LOS and time to
full feeds, and no increase in complications.
Level of evidence: IV

© 2019 Published by Elsevier Inc.
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Historically, prolonged fasting after abdominal operations has been
considered necessary to prevent nausea, vomiting and anastomotic com-
plications [1]. The duration of postoperative fasting is variable but can
range from 0 to 5 days depending on the operation [1]. The ramifications
of this period of fasting are not insignificant and may include prolonged
length of stay, increased use of parenteral nutrition (PN), social effects
and significant costs to the health system [2,3]. In neonates and infants
there are additional issues with delayed feeding including cholestatic
jaundice, sepsis, delayed gut development, and metabolic disease [4].

In recent years interest has increased in the concept of early enteral
feeding (EEN) in abdominal surgery. Data from clinic trials in adults
have shown that this is not only safe, but may reduce the duration of
postoperative ileus and length of stay after a variety of operations
[5–9]. Studies in animal models also suggest that early feeding may im-
prove wound healing and anastomotic strength and reduce morbidity
from sepsis [10–13].

Most of the clinical research into the beneficial effects of early feed-
ing has occurred in adult patients. In infants, there is conclusive evi-
dence in favor of early feeding after one operation — pyloromyotomy.
This has changed practice such that many centers now advocate for
feeding within 4 h, with a significant reduction in length of stay
[14–18]. However, evidence regarding the safety and benefits of EEN
in the recovery from other abdominal procedures in children is less
common.

EEN is also a core element of “enhanced recovery after surgery”
(ERAS) and other fast-track protocols [19]. Although in its early stages,
interest in ERAS in the pediatric surgery setting is increasing and initial
results have been promising [20,21]. Given this interest, it is vital that
the evidence for the various individual elements of these protocols, in-
cluding EEN, is robust.

The purpose of this study was to identify and review the literature
regarding early feeding after pediatric abdominal surgery, in order to as-
sess safety and any potential benefits.

1. Materials and methods

The reviewwas conducted in accordancewith the PreferredReporting
Items for Systematic Reviews and Meta-analyses (PRISMA) guideline.

1.1. Search strategy

A search of electronic databases Pubmed, MedLine and EMBASEwas
performed from May to June 2018. Search terms used were ‘enteral
feeding’ AND ‘postoperative’ AND ‘children’, and ‘oral feeding’ AND
‘postoperative’ AND ‘children’. Reference lists from included articles
were also reviewed for relevant studies.

1.2. Inclusion and exclusion criteria

Studies were included if the main focus was early enteral feeding in
children aged 0–18 years undergoing abdominal operations. ‘Abdomi-
nal operation’ was defined as a procedure where the abdominal com-
partment was entered – either by open incision or laparoscopically –
and excluded nonsurgical gastrointestinal interventions such as endo-
scopic and radiological procedures such as percutaneous gastrostomy
(PEG). Studies in languages other than English, on nonhuman subjects
and persons more than 18 years, or where separate analysis of children
in a combined adult/pediatric study was not possible, were excluded as
were review articles without patient data. Studies were excluded if pa-
tients were not grouped according to timing of enteric intake, or where
the route of feedingwas other than oral, gastric tube (NGT), jejunal tube
(NJT), transanastomotic (TAT) tube or by gastrostomy. Studies where
the effect of EEN could not be independently assessed owing to concur-
rent interventions were also excluded. This included studies of EEN as
part of more comprehensive ERAS protocols. Owing to the high level
of evidence already available, studies on feeding post pyloromyotomy
were not included.

1.3. Study selection

Titles and abstracts of all articles identified using search criteriawere
reviewed by the first and second authors (DG and GK) independently,
and duplicates and irrelevant studies removed. Full texts of the remain-
ing articles were reviewed by DG and GK for inclusion criteria. Where
disagreement occurred, inclusion was based on consensus. Screening
of reference lists was performed by DG.

1.4. Data extraction and management

Selected articles were classified by study type and National Health
and Medical Research Council (NHMRC) [22] level of evidence. Explan-
atory variables extracted included demographics (age, gender), opera-
tive characteristics (type of operation and indication where provided)
and feeding characteristics (route, type of feeding, timing). Outcomes
analyzed included length of stay (LOS), time to full enteric intake,
time to stool, days of PN, postoperative vomiting and distension or
ileus. Complications extracted were anastomotic leak, wound infection,
wound dehiscence, small bowel obstruction and total complications.



Table 1
Articles excluded after full text review.

Article Reason for exclusion

Hofmeester et al [23] Review article
Vrecenak et al [24] Variables other than timing of feed not controlled for (multiple ERAS elements used)
Bishay et al [25] Patients not grouped according to timing of feeds (grouped according to duration of PN)
Abatanga et al [26] Patients not grouped according to timing of feeds (grouped according to duration of nasogastric tube insertion)
Pearson et al [27] Review article
Sholadoye et al [28] Patients not grouped according to timing of feeds (patients grouped according to age for analysis)
Mattioli et al [29] Variables other than timing of feed not controlled for (multiple ERAS elements used)
Cavusoglu et al [30] Variables other than timing of feed not controlled for (perioperative management not consistent between groups)
Rove et al [31] Variables other than timing of feed not controlled for (multiple ERAS elements used)
Suri et al [32] Route of feeding other than oral or NG/OG/TAT (percutaneous jejunostomy feeds)

ERAS, Enhanced recovery after surgery; NG, nasogastric; OG, orogastric; TAT, transanastomotic tube.
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2. Results

2.1. Inclusion

There were 24 articles that met criteria for full text review. Of these, 10
[23–32] were subsequently excluded, with reasons summarized in Table 1.
This left 14 articles [33–46] for analysis (Fig. 1). Included articles are sum-
marized in Table 2, includingNHMRC level of evidence, grouping according
to procedure, patient characteristics. Outcomes are summarized in Table 3.

Therewere three randomized control trials (RCT) (II) [35,41,46], one
nonrandomized experimental trial (III-2) [45], five retrospective cohort
studies (III-2) [33,34,36,38,40], four trials with historical controls (III-3)
[37,39,42,43] and one case series (IV) [44] (Table 2).

2.2. Risk of bias in included studies

Retrospective cohort studies, which included Jiang [33], Jiang [34],
Aljahdali [36], Rosenfeld [38], and Jensen [40], were the most common.
This study design carries an inherent risk of selection bias, as subtle dif-
ferences between groups can skew results, especially considering their
Fig. 1. Flowchart of system
retrospective nature. They are also susceptible to information bias as
the source of data and process of collecting it may differ between
groups. As it is not possible in these studies to blind the assessment of
outcome, there is also a risk of detection bias.

Prospective trials using historical controls were the secondmost com-
mon study type and included Walter-Nicolet [37], Suntrom [39], Yadav
[42], and Sangkhathat [43]. Like all nonrandomized trials, there is a risk
of bias owing to patient selection especially so because the control arm
is not contemporaneous. The use of historical controls may also make
confounding factors such as other variations in treatment difficult tomea-
sure. As with cohort studies, neither participants nor assessors can be
blinded to grouping leading to a risk of performance and detection bias.

Ekingen [35], Amanollahi [41], and Davila-Perez [46] were all
randomized-control trials. Ekingen randomized consecutive neonates
undergoing abdominal surgery, and further grouped these patients
based on the presence of an intestinal anastomosis. These patients rep-
resented a diverse range of pathologies. This, along with the lack of de-
tail regarding the specific patient characteristics of each group, leads to a
risk of selection bias and thus limited generalizability. Amanollahi
allowed for exclusion from the trial based on surgeon-assessed difficulty
atic review results.



Table 2
List of included articles.

Patient characteristics Feeding details

Article Level of
Evidence [37]

Total
number

Number
controls

Age at operation,
mean (range/SD)

Operation performed Timing Route Type

Neonates Jiang et al [33] III-2 120 2.9 (1–6) d Repair congenital intestinal
malformations

48 h NJT Formula

Jiang et al [34] III-2 46 4.5 (2–12) d Partial gastrectomy 48 h NJT Formula
Ekingen et al
[35]

II 56 8.3 (1–40) d Laparotomy with/without intestinal
anastomosis

12 h NG EBM

Aljahdali et al
[36]

III-2 570 N/S Closure of gastroschisis 0-21 d Oral/NG Formula/EBM

Walter-Nicolet
et al [37]

III-3 73 3 (1–7) h Closure of gastroschisis 5 d Oral/NG EBM

Gastrostomy Rosenfeld et al
[38]

III-2 156 5 (0.3–9) y Laparoscopic gastrostomy b24 h Gastrostomy Formula/EBM/Electrolyte
solution

Sunstrom et al
[39]

III-3 65 3.4 (3.95) y Laparoscopic gastrostomy 8 h Gastrostomy Formula/EBM/Electrolyte
solution

Jensen et al [40] III-2 536 7 (2–28) m Laparoscopic or open gastrostomy 6 h Gastrostomy Formula/EBM/Electrolyte
solution

Intestinal
Anastomosis

Amanollahi et al
[41]

II 67 17.4 (24.6) m Laparotomy with small bowel–small
bowel anastomosis

24 h Oral Clear fluids then progress

Yadav et al [42] III-3 62 43.3 (38.5) m Closure of ileostomy/colostomy 24 h Oral/NG Fluids as tolerated, then
progress

Sangkhathat
et al [43]

III-3 64 11.5 (1–124) m Closure of colostomy 24 h NS Clear fluids then progress

Mamatha et al
[44]

IV 32 12 (0.1–192) m Any anastomosis distal to duodenum 24 h Oral Fluids as tolerated, then
progress

Shang et al [45] III-2 575 3.8 (1.7) y Any intestinal anastomosis 24 h Oral Diet as tolerated
Davila-Perez
et al [46]

II 60 41 (63) m Any elective intestinal anastomosis 24 h Oral Fluids as tolerated, then
progress

EEN, early enteral nutrition; SD, standard deviation; EBM, expressed breast milk; h, hours; d, days; m, months; y, years.
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of anastomosis, also risking selection bias. As blinding of patients and as-
sessors to group allocation was not possible in these studies, they also
have a risk of performance and detection bias. None of these studies re-
ported on loss to follow-up or group crossover.

Shang [45] was the only nonrandomized experimental trial, where
patients were allocated to EEN or control based on surgeon preference.
This introduces a potential source of bias by skewing population charac-
teristics. The potential for bias owing to inability to perform blinding
was also present in this study.

The case series by Mamatha [44] suffers from potential information
and reporting bias owing to its retrospective nature and the absence
of a control group.

2.3. Explanatory variables

2.3.1. Grouping according to procedure
Papers fell broadly in to three groups: abdominal operations in neo-

nates [33–37], formation of gastrostomy [38–40] and operations involv-
ing intestinal anastomoses [41–46].

Twoof the studies onneonatal abdominal surgerywere by Jiang—one
on digestive tract malformations (including atresias and duplication
cysts) [33] and one on partial gastrectomy [34]. Ekingen [35]
studied any neonate undergoing laparotomy with or without intestinal
anastomosis, including congenital atresias, gastroschisis, diaphragmatic
hernias, anorectal malformations and aganglionosis. The final two studies
byWalter-Nicolet [37] andAljadahli [36] studied gastroschisis exclusively.

Three articles related specifically to gastrostomy formation.
Rosenfeld [38] and Sunstrom [39] exclusively included laparoscopic
gastrostomy. Jensen [40] included open, laparoscopic and PEG. The
PEG patients were excluded from our analysis as per the selection
criteria. Prevalence of a concurrent antirefluxprocedure varied between
papers—21% underwent concurrent fundoplication in the study by
Rosenfeld [38] and 15% in the one by Sunstrom [39]. In Jensen’s study
[40], 25% underwent some sort of concurrent procedure but the type
was not specified. No study conducted subgroup analyses of those un-
dergoing a concurrent procedure.
The remaining six studies included children with intestinal anasto-
moses at various levels [41–46]. Shang [45] included patients with any
intestinal anastomosis, while Davila-Perez [46] included only patients
having an elective intestinal anastomosis and Mamatha [44] reported
on children having any intestinal anastomosis distal to the ligament of
Treitz, excluding neonates. Amanollahi [41] studied those with bowel
resection and an intestinal anastomosis. Yadav [42] and Sangkhathat
[43] studied intestinal anastomosis in the setting of stoma closure.

2.4. Definition of EEN

In prospective studies, EEN was described according to the time
postoperatively at which feedingwas initiated, rather than being deter-
mined by other physiological parameters. This duration differed mark-
edly across studies ranging from 6 h to 5 days. Where there were
controls and in retrospective series, most were commenced on enteric
intake according to clinician discretion based on clinical progress, rang-
ing from one to more than 20 days.

In the neonatal section, EEN,where defined, ranged fromeight hours
to five days. The earliest was Ekingen [35] where feeding in the EEN
group was started between 8 and 20 h postoperatively, with a mean
of 12 h. The control group was fasted until there was documented reso-
lution of ileus, defined as passage of flatus or stool. Both studies by Jiang
[33,34] initiated feeding at 48 h postoperatively in the EEN group, while
the control group was fed once NGT aspirates had become nonbilious.
Ekingen [35] started feeding in the EEN group at between 8 and 20 h
postoperatively, with a mean of 12 h. The control group was fasted
until there was documented resolution of ileus, defined as passage of
flatus or stool. Walter-Nicolet [37] started feeding at postoperative
day 5 in the EEN group. The control group was historical, and feeding
was initiated when there was clinical resolution of ileus, at physician
discretion. The retrospective cohort study by Aljadahli [36] did not spec-
ify the exact timingof enteric feed introduction but divided patients into
four groups based on days postoperatively until first enteric intake:
Group 1 (before day 7), Group 2 (between day 8–13), Group 3 (between
day 14–20), and Group 4 (after day 21). Feeding was oral or by NGT.



Table 3
Summary of findings comparing EEN to control.

LOS Time to
full feeds

Time to
stool

Length
of PN

Distension Vomiting Ileus Anastomotic
leak

Bowel
obstruction

Wound
dehiscence

Wound
infection

Total
complications

Jiang et al [23] EEN 17.1 d⁎ 15.2 d⁎ 46.1 h X X X X X 1.4%⁎ X X X
Control 23.4 d⁎ 19.1 d⁎ 48.4 h X X X X X 12%⁎ X X X

Jiang et al [24] EEN 12.2 d 7.3 d 50.1 h⁎ X 0 ⁎ X X X X X X X
Control 17.3 d 7.5 d 69.4 h⁎ X 18.2%⁎ X X X 18.2% X X X

Ekingen et al
[25]

EEN (anastomosis) 12 d⁎ 8.4 d⁎ 35.8 h⁎ X 42.4% 15.5% X X X X 0 X
Control (anastomosis 21.4 d⁎ 15.4 d⁎ 59.8 h⁎ X 30.4% 21.7% X X X X 8.6% X
EEN (no anastomosis) 9.6 d 6.3 d 25.3 h⁎ X 42.4% 15.5% X X X X 0 X
Control
(no anastomosis)

14.1 d 9.3 d 52.2 h⁎ X 30.4% 21.7% X X X X 8.6% X

Aljadahli et al
[26]

0-7d 55 d⁎ X X 38 d⁎ X X X X X X 6%⁎ X
8-14d 39 d⁎ X X 28 d⁎ X X X X X X 6%⁎ X
15-21d 54 d⁎ X X 39 d⁎ X X X X X X 17%⁎ X
N21d 102 d⁎ X X 80 d⁎ X X X X X X 24%⁎ X

Walter-Nicolet
et al [27]

EEN 40 d 31 d 4 d X X X X X X X X X
Control 54.5 d 32 d 6 d X X X X X X X X X

Rosenfeld et al
[28]

EEN 2.1 d⁎ X X X X 23.1% X X X X 0 X
Control 3.1 d⁎ X X X X 11.9% X X X X 8.4% X

Sunstrom et al
[29]

EEN 2 d⁎ X X X X X X X X X 7.7% X
Control 2 d⁎ X X X X X X X X X 7.7% X

Jensen et al
[29]

EEN (Open) 1 d⁎ 18.3 h⁎ X X X 4.6% X X X X 0 5.6%
Control (Open) 5 d⁎ 51.1 h⁎ X X X 7.7% X X X X 9.5% 5.1%
EEN (Laparoscopic) 1 d⁎ 17.4 h⁎ X X X 5.1%⁎ X X X X 0.2% 3.6%
Control
(Laparoscopic)

6 d⁎ 58.3 h⁎ X X X 6.6%⁎ X X X X 2.3% 3.6%

Amanollahi
et al [31]

EEN 5.2 d⁎ X 3.7 d⁎ X 2.7%⁎ X X 2.7% X X X 10.8%
Control 8.3 d⁎ X 4.4 d⁎ X 23.3%⁎ X X 3.3% X X X 6.7%

Yadav et al
[32]

EEN 7.2 d⁎ 62.3 h⁎ 44 h X 10% 16% X 0 X 0 6.5%⁎ 64.5%
Control 9.5 d⁎ 196 h⁎ 49 h X 3% 13% X 3% X 3% 29%⁎ 93.5%

Sangkhathat
et al [33]

EEN 4.5 d⁎ X 32.8 h⁎ X X 2.9% X X X X X X
Control 6.1 d⁎ X 48 h⁎ X X 3.3% X X X X X X

Mamatha et al
[34]

EEN 3 d 30 h X X X X X X X X X X

Shang et al
[35]

EEN 7.4 d⁎ X 3.1 d⁎ 2.3 d⁎ 16.1% X 33%* 1.2% 14.8% 4.3% 8.6% 8.3%⁎

Control 9.2 d⁎ X 3.8 d⁎ 3.2 d⁎ 13.3% X 40.8%* 3.5% 19.6% 3.5% 7.5% 17.3%
Davila-Perez
et al [36]

EEN 6 d 2.1 d⁎ 1.6 d X 13% X X 6.7% X X 10% X
Control 9.8 d 5 d⁎ 2.6 d X 13% X X 6.7% X X 26.7% X

LOS, length of stay; PN, parenteral nutrition; EEN, early enteral nutrition; h, hours; d, days; X, not reported.
⁎ denotes a statistically significant difference.

1184 D. Greer et al. / Journal of Pediatric Surgery 55 (2020) 1180–1187
With regards to laparoscopic and open gastrostomy formation, all
defined EEN as well within 24 h postoperatively. Jensen [40] was the
earliest — with both laparoscopic and open groups starting at less
than six hours in the intervention groups, and after six hours in the con-
trols. Sunstrom [39] started feeding at 8 h postoperatively or on the
morning of Day 1 for the EEN group. The control group was historical
and timing for feeding for this group was not specified. Rosenfeld [38]
was the least specific — dividing patients into groups based on postop-
erative day when feeding was initiated: day 0, or day 1 and after.

Of those studies of EEN after intestinal anastomosis, all but one initi-
ated feeding at or before 24 h in the EEN group. Amanollahi [41] initi-
ated feeding at 24 h postoperatively while the control group started
feeding after 5 days. Yadav [42] also started at 24 h postoperatively in
the EEN group and in the historical control group with return of
bowel activity, at clinician discretion. Sangkhathat [43] fed patient
within 24 h in the EEN group and used a historical control group,
where feed was started with clinical resolution of ileus. Mamatha [44]
started feeding within 24 h of operation and there was no control
group. Shang [45] allowed patient in the EEN groupwithin 24 h postop-
eratively and the control group at 3 days. The one exception to feeding
within 24 h was Davila-Perez’s study [46] which defined EEN as any
time before postoperative day 5, with a minimum of 24 h. The control
group was fed after five days.

2.5. Route and type of feeding

Feedingwas either oral [36,37,41,42,44–46], via NGT [35–37,42], via
NJT [33,34], via gastrostomy [38–40], or not specified [43]. Initial feed
type in the EEN group consisted of clear fluids in one study [43], any
fluid as tolerated in three [42,44,46], expressed-breast milk (EBM) or
formula in five [33–37], and diet according to age in one [45]. Type of
nutrition for all three studies on gastrostomywas formula, EBM, or elec-
trolyte solution but proportions were not specified [38–40]. There was
less detail available regarding the type and rate of feeding in controls.

In the neonatal papers, two studies out of five – both by Jiang [33,34]
– started clearfluids before EBM/formulawhile the others went straight
tomilk feeds. Jiang [33,34] used anNJT,with patients initially fed 5%glu-
cose solution before transitioning to formula or EBM in control and EEN
groups. Ekingen [35] started with EBM via NGT for both groups.
Aljadahli [36] and Walter-Nicolet [37] also used formula or EBM via
NGT or orally in all patients.

In all three papers dealing with gastrostomy formation [38–40] pa-
tients were fed via the gastrostomy. None of the authors specified
whether oral feeding was permitted in addition to gastrostomy.

In the papers on EEN after intestinal anastomosis, only two of the six
studies specified starting with clear fluids [41,43]. Amanollahi [41]
allowed oral clear fluids after 24 h in the EEN group, then diet as toler-
ated by 48 h. The type and route of nutrition for the control group were
not specified. Patients in the EEN group in the study by Yadav [42] were
fed milk after 24 h orally or via NGT. The control group was fed orally
but the type of enteral nutrition was not specified. Sangkhathat [43]
did not specify a route for either group. Infants less than two years old
were given water within 24 h followed by formula, then ad libitum
breast-feeds once tolerating sufficient formula and in non-breast-fed in-
fants soft food on day 3 postoperatively. Children more than two years
old were given water on the first postoperative day then diet was in-
creased as tolerated. Patients in the study by Mamatha [44] were fed
orally starting with a liquid diet then increased. Shang [45] and



1185D. Greer et al. / Journal of Pediatric Surgery 55 (2020) 1180–1187
Davila-Perez [46] also fed patients orally starting on a liquid diet
then upgraded. Neither study specified the feeding regimen in the con-
trol group.

2.6. Outcomes

2.6.1. Primary outcome: length of stay
All 14 studies reported LOS. Of the 13 papers with comparative con-

trols nine showed a statistically significant decrease in length of stay in
the EEN group [33,35,38–43,45]. Aljahdali [36] (gastroschisis) demon-
strated a statistically significant improvement in LOS in group 2 – 39
days – compared to 55 days in Group 1, 54 days in Group 3, and 102
days in Group 4 (pb0.05). Jiang (neonatal partial gastrectomy) [24],
Walter-Nicolet (gastroschisis) [27], and Davila-Perez (intestinal anasto-
mosis) [36] all demonstrated a trend toward decreased LOS in the EEN
group; however this did not reach statistical significance.

2.7. Secondary outcomes

2.7.1. Time to full enteral nutrition
Eight studies reported time to full enteral nutrition [33–35,37,40,42,44,46]

with six showing a significant difference between EEN and control groups.
Three papers in the neonatal surgery group – Jiang (intestinal atre-

sia) [33], Ekingen (various neonatal operations) [35], and Walter-
Nicolet (gastroschisis) [37] – demonstrated a significant decrease in
time to full enteral nutrition in the EEN groups (pb0.05, p=0.01, and
pb0.01) respectively). Jiang’s second paper on neonatal partial gastrec-
tomy [34] showed a small improvement which did not reach statistical
significance.

Jensen [40] was the only gastrostomy study which reported time to
full enteral feeding. It showed a decrease in the EEN group for both lap-
aroscopic and open approaches: 17.4 h vs 58.3 h (pb0.01) and 18.3 h vs
51.1 h (pb0.01) respectively.

Yadav [42] and Davila-Perez’s [46] papers on EEN following intesti-
nal anastomosis both showed significantly shorter time to full feeds in
the EENgroup: 62.3 vs 196 h,pb0.01, and 2.1 vs 5 days (pb0.01) respec-
tively. Mamatha’s uncontrolled case series [44] reported amean time to
full feeds of 30 h (range 16–60).

2.7.2. Time to stooling
Time to stool was reported by nine studies [33–35,37,41–43,45,46]

with a significant reduction in the EEN group shown in five
[34,35,41,43,45]. In neonates, a historical control trial on gastrectomy
[34] and an RCT on various laparotomies [35] both demonstrated a sig-
nificantly decreased time to first stool in the EEN group (pb0.05 and
p=0.02 respectively). The same trend, although not significant,was ob-
served in other historical control trials on intestinal atresia [33] and on
gastroschisis [37].

Amanollahi [41], Sangkhathat [43], and Shang [45] demonstrated
significantly decreased time to stool in older children undergoing intes-
tinal anastomosis in the EEN group (p=0.02, pb0.01, and p=0.04 re-
spectively). The same trend was observed by Yadav [32] and Davila-
Perez [36] but was not statistically significant.

2.7.3. Duration of parenteral nutrition
Only two papers reported on duration of PN [36,45]. A cohort study

on gastroschisis [36] showed lowest duration of PN in Group 2, followed
by Group 1, Group 3, then Group 4 (pb0.05). A nonrandomized study of
various intestinal anastomoses [45] showed a significant decrease in du-
ration of PN in the EEN group: 2.3 vs 3.8 days (p=0.02).

2.7.4. Postoperative abdominal distention, ileus and vomiting
Six papers reported on postoperative distension [34,35,41,42,45,46],

two of which found reduced distension in the EEN group [34,41]. A his-
torical control trial in neonatal intestinal atresia [34] demonstrated an
incidence of 0% in the EEN group compared to 18% in the control
group (pb0.05). An RCT in pediatric intestinal anastomoses [41] found
an incidence 3% in the EEN group compared to 23% in controls
(p=0.01). The remainder found no significant difference.

Only one study – a nonrandomized trial of EEN following intestinal
anastomosis – commented specifically on postoperative ileus [45]
after intestinal anastomoses. It showed a significantly lower incidence
in the EEN group: 33% vs 41% (p=0.01).

Five studies reported the incidence of postoperative vomiting, with
no study demonstrating a significant difference [35,41,42,45,46].

2.8. Other complications

Various other complications were reported in 11 papers including
anastomotic leak, bowel obstruction, wound infection, wound dehis-
cence, and overall complications.

No difference was found in the incidence of anastomotic leak be-
tween EEN and control in the four studies which reported on it
[41,42,45,46]. Three studies reported on postoperative bowel obstruc-
tion. A study on neonates undergoing laparotomy for congenital intesti-
nal malformations [33] reported a significantly decreased incidence of
bowel obstruction: 1.4 vs 12% (pb0.05). The other two on partial gas-
trectomy in neonates [34] and intestinal anastomoses [45] showed no
significant difference.

Eight authors reported wound infection rates [35,36,38–40,42,45,46].
Seven of these showed a decreased incidence in the EEN group of which
two reached statistical significance [36,43]. The study on gastroschisis by
Aljahdali [36] showed an incidence of 6% in Groups 1 and 2 compared to
17% in Group 3 and 24% in Group 4 (pb0.05). A historical control trial on
stoma closure [42] also showed a significantly decreased incidence in the
EEN group: 6.5% vs 29% (p=0.02). The eighth paper reporting onwound in-
fection [45] founda slightly higher incidence in the EENgroupwhichwasnot
statistically significant.

Neither of the two papers looking at wound dehiscence showed a
statistically significant difference [42,45]. Four papers reported total
complications [39,41,42,45]. The study by Shang [45] showed a signifi-
cant reduction in the EEN group: 8.3% vs 17.3% (pb0.05), and the
other three showed no difference. No study demonstrated an adverse
effect attributable to EEN.

3. Discussion

This review demonstrates that existing literature supports the value
of early enteral feeding in pediatric patients undergoing abdominal sur-
gery. A decrease in length of staywas demonstrated inmost of the stud-
ies, along with a decrease in time to full enteral nutrition. Although
several studies demonstrated improvement in rates ofwound and anas-
tomotic complications this was not shown consistently. Importantly,
however, no adverse effects of EENwere demonstrated. Contrary to his-
toric assumptions, no study showed a significant increase in postopera-
tive ileus, distension, or vomiting in the EEN group and several studies
showed EEN may decrease the incidence of these complications.

The theoretical benefits of EEN have been demonstrated in animal
models of intestinal anastomoses, with an increase in anastomotic and
wound strength along with collagen deposition by as much as double
with EEN compared to controls [10–12]. Clinical benefits in adults
have been extensively reported. A meta-analysis by Lewis et al con-
cluded that EEN was associated with a significant reduction in LOS,
wound infection, pneumonia, and overall infection, along with a trend
towards a decreased incidence of anastomotic leak, and overall mortal-
ity [6]. While the incidence of vomiting was noted to be higher in EEN
groups, the rate of NGT insertion was not significantly different [6].
Safety has also been demonstrated in adult colorectal surgery and in gy-
necological surgery [5,7–9].

In the pediatric setting, the place of EEN in postoperative care fol-
lowing pyloromyotomy has been confirmed. Two systematic reviews
with meta-analyses of RCTs by Graham [14] and Sullivan [17] both
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showed decrease LOS and no associated increased vomiting compared
to delayed or structured feeding protocols [14,17]. Both authors recom-
mended theuse of postoperative ad libitum feeding regimens for infants
having pyloromyotomy for pyloric stenosis, introduced after 4 h. This
practice was demonstrated by both reviews to decrease LOS and was
not associated with increased vomiting compared to delayed or struc-
tured feeding protocols.

ERAS, integrating EEN, has been demonstrated to be effective in
manydisciplines of adult surgery, including colorectal, urology, and tho-
racic surgery [49–52]. Interest in the application of ERAS protocols in pe-
diatric surgery is increasing, as demonstrated in a survey of pediatric
surgeons by Short and colleagues [48]. Short also demonstrated a signif-
icant reduction in LOS, narcotic doses, intravenous fluids, and time to
regular diet in pediatric patients undergoing colorectal surgery [53].
Early studies to examine its effectiveness in inflammatory bowel disease
(IBD) have also shown promising results. Rove et al have shown a trend
towards decreased LOS in pediatric urology [31].

Studies of EEN as part of pediatric ERAS protocols were excluded
from this review because of the difficulty separating the effect of indi-
vidual components of ERAS on patient outcomes. In addition, stand-
alone evidence for EEN, as a component of ERAS, provides context for in-
terpretation of future research in ERAS in pediatric surgery. Thus, its
separate evaluation in this review was warranted, and has established
its place in potential future fast track protocol.

4. Limitations

The findings of this review are limited by the quality of included
studies as outlined in the risk of bias section. There were only two
RCTs, precluding a meta-analysis, and the definition of early feeding
was broad. In addition, the cohorts, the range of operations and the def-
inition of other explanatory and outcome variables were not directly
comparable between papers. The diversity in the studied populations,
ranging from premature neonates to adolescents, also makes generaliz-
ability difficult. The studies were also not powered to detect subtle
changes in the incidence of postoperative complications.

5. Conclusion

This review supports the benefits of EEN across the pediatric spec-
trum, with decreased LOS and time to full feeding in neonates, infants
and children. Importantly, no adverse effects of EEN have been demon-
strated. The benefits of EEN are likely to be amplified by inclusion in
evidence-based ERAS protocols with health economic and social bene-
fits. Confirming this will require further well-designed clinical trials.
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