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Abstract
Purpose  Crohn’s disease (CD) consists of a state of chronic inflammation that can affect the entire length of the gastrointes-
tinal tract, from the mouth to the anus. Symptoms include diarrhea, abdominal pain, and fever. Corticosteroid therapy has 
been widely used as the main therapeutic option to induce clinical remission and minimize the deleterious effects of inflam-
mation. However, patients who make continuous use of corticosteroids are likely to develop Cushing’s syndrome. Exclusive 
enteral nutrition (EEN) is considered the first-line treatment for inducing clinical remission in children and adolescents with 
active Crohn’s disease. This study aimed to evaluate the use of EEN in inducing remission of CD in children and adolescents 
and discuss the impact of the EEN on patients’ growth, clinical and endoscopic remission, nutritional aspects, differences 
between formulas, and the impact on the gut microbiota.
Methods  This is a narrative review. A search for scientific articles was carried out in the PUBMED database, the SciELO 
electronic library, and the LILACS databases.
Results  Five randomized clinical trials, 7 non-randomized clinical trials, and 5 retrospective studies with document analysis 
were included. In total, the studies covered 660 children and adolescents, with different degrees of initial CD activity. All 17 
articles evaluated had, as a common result, a success of EEN to induce remission of active Crohn’s disease.
Conclusion  EEN is an effective therapy for inducing clinical remission in pediatric patients with active CD, and it is associ-
ated with an improvement in the quality of life in this population.

Keywords  Crohn’s disease · Nutrition · Children · Enteral nutrition · Exclusive enteral nutrition
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EEN	� Exclusive enteral nutrition
GIT	� Gastrointestinal tract
PCDAI	� Pediatrics Crohn’s Disease Activity Index
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EN	� Enteral nutrition
PEN	� Partial enteral nutritional

Introduction

Crohn’s disease (CD) consists of a state of chronic inflam-
mation that can affect the entire length of the gastrointestinal 
tract (GIT), from the mouth to the anus, although it is usu-
ally focused in the small intestine region, more specifically, 
in the ileocolonic region [1] The chronicity of inflammation 
culminates in the manifestation of transmural injuries, lead-
ing to the clinical complications inherent to the disease [1, 
2]. Symptoms include diarrhea, abdominal pain, rectal blood 
loss, and fever [3]. The diagnosis is defined by a series of 
clinical, radiological, endoscopic, and histological examina-
tions. Indices are also used to predict the phenotype of the 
disease, concerning the location and behavior of the disease 
[4].

The pathophysiology of CD has a multifactorial character, 
whose causal relationship is associated with the intestinal 
microbiota, dietary pattern, and genetic susceptibility [1]. 
Gut microbiota plays a very important role in the regula-
tion of the immune response by maintaining homeostasis 
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and contributing to the maintenance of the integrity of the 
intestinal epithelium [5]. The composition of the microbiota 
is influenced by the food pattern; diets with high lipid intake 
and low intake of fruits and vegetables are associated with a 
higher risk of developing CD [6, 7]. Also, people who have 
a mutation in the nucleotide binding oligomerization domain 
containing 2 (NOD2) protein gene are more likely to develop 
CD. NOD2 is a protein present in several cells in the intes-
tinal mucosa, such as dendritic cells, epithelial cells, and 
Paneth cells. NOD2 can recognize a bacterial receptor, such 
as the glycan peptide muramyl dipeptide (MDP) and cell 
wall structures of Gram-positive and negative bacteria. In a 
healthy situation, when a bacteria comes into contact with a 
Paneth cell, the MDP is internalized by endo/phagocytosis, 
which allows the recognition of MDP by NOD2, promoting 
the activation of nuclear factor kappa B (NF-kB)—is a key 
transcription factor in the regulation of the innate immune 
inflammatory response—which induces the production of 
defensins, an important microbicide. The NOD2 mutation 
results in a reduction in the expression of defensins, favor-
ing dysbiosis and increasing the number of pathogens in 
the intestinal lumen [5]. Also, the increase in intestinal per-
meability facilitates the presentation of antigens to immune 
system cells, favoring local immune responses [8].

Drug treatment consists of the administration of anti-
inflammatory drugs, such as corticosteroids (CS), to com-
bat the acute phase of CD, and immunosuppressive drugs, 
such as anti-TNF-α antibodies, to prevent relapses [9, 10]. 
CS therapy has been widely used as the main therapeutic 
option to induce clinical remission and minimize the del-
eterious effects of inflammation [11]. However, although the 
acute effects of this therapy are quite effective, patients who 
make continuous use of CS are like to develop Cushing’s 
syndrome, which is characterized by the rise of physical 
anomalies, such as the “moon face” due to an inadequate 
accumulation of fat [9]. Prolonged use of this class of drug 
is also associated with changes in basal metabolism. In the 
long term, it can impair the maintenance of lean mass, char-
acterizing an even greater problem for the pediatric popula-
tion [9, 11]. In children and adolescents, there is a decrease 
in protein turnover that may impact linear growth and main-
tenance of bone mineral density [11].

Normally, patients with CD are more susceptible to devel-
oping secondary malnutrition, because the clinical manifes-
tations directly related to the GIT impact negatively on oral 
intake and there is a bigger possibility of intestinal malab-
sorption due to the injured epithelium [1, 3]. Nutritional risk 
implies an even greater risk for children and adolescents, 
whose consequences of nutritional deficit are potentially 
irreversible [1].

Enteral nutrition (EN) consists of the administration of 
nutrients for patients with nutritional risk, that is when the 
oral intake is less than 60% of daily nutritional needs and/

or when there is a pathophysiological anomaly that makes 
adequate support impossible. It can be used as a substitute or 
complementary, depending on the patient’s needs. EN works 
synergistically with medical treatment, and it is an indispen-
sable tool to prevent or treat nutritional deficiencies because 
it provides nutritional support adapted to the patient’s meta-
bolic condition [12]. In addition, EN has been increasingly 
used in CD, not only to restore the nutritional condition but 
also as a therapeutic alternative with the potential to correct 
dysbiosis and induce CD clinical remission [1, 9, 10, 13, 
14]. In children and adolescents with active CD, exclusive 
enteral nutrition (EEN) is considered the first line of treat-
ment for inducing clinical remission, because it provides 
superior results than the CS treatment. For this public, the 
criterion for prescribing the EN is not restricted to the per-
centage of oral acceptance. The prescription of the EEN, as 
a therapy for induction of clinical remission, depends on the 
disease phenotype and the measurement of disease activity 
[4]. The Pediatric Crohn’s Disease Activity Index (PCDAI) 
represents an evaluative instrument—composed of 11 items 
based on medical aspects—used to measure CD activity. 
The index was developed specifically for the pediatric popu-
lation because it includes a topic related to linear growth, 
an important indicator of healthiness in children. PCDAI 
results in a score ranging from 0 to 100. Clinical remission 
is achieved when PCDAI < 10; any score above 10 predicts 
active CD, only varying in severity [15].

The most used EN to induce clinical remission in the 
pediatric population is the EEN. This therapy is character-
ized by the administration of a liquid diet that provides 100% 
of the patient’s energy requirements, excluding all other 
dietary sources [16]. There are different enteral formulas 
available on the market that differ in the composition of pro-
teins, carbohydrates, and lipids. Polymeric formulas have 
unaltered macronutrients, without any degree of hydroly-
sis. The semi-elemental formulas have partially hydrolyzed 
macronutrients and the elementary formulas have fully 
hydrolyzed macronutrients [12]. The choice of the formula 
depends on the degree of impairment of the GIT and the 
patient’s absorptive capacity [2]. The polymeric formula can 
be taken orally, while the elemental and semi-elemental for-
mulas usually are provided by a nasogastric tube. However, 
the polymeric formula also can be taken by a nasogastric 
tube, if the patient condition requires the use of the feeding 
tube. The duration of EEN therapy normally varies between 
6 and 8 weeks. After this period, there is a process of food 
reintroduction that consists of gradual reinsertion of other 
dietary sources, until the energy sources are fully supplied 
by the usual diet [16].

The mechanisms that explain the EEN modulation inflam-
mation are not yet elucidated; however, the hypotheses listed 
are related to the modulation of the intestinal microbiota and 
a reduction in the exposure of food antigens in the intestinal 
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lumen [13, 17]. EEN is needed for the success of CD treatment 
in the pediatric public, as well as plays a therapeutic role. This 
study aimed to evaluate the use of EEN in inducing remission 
of CD in children and adolescents and discuss the impact of 
the EEN on patients’ growth, clinical and endoscopic remis-
sion, nutritional aspects, differences between formulas, and the 
impact on the gut microbiota.

Methods

The methodology adopted for this work was the integrative 
review, which consists of research in a bibliography with 
no obligation of replication of the results [18]. This method 
allows a fluid approach to the topic listed by the researcher, 
permitting the interpretation of existing scientific literature, 
without the mandatory systematization of content with pre-
defined selection and exclusion criteria, which subsidizes 
the formation of new problems in scientific research [19].

To understand the mechanisms of CD remission induction 
in children and adolescents in the use of EEN, a search for 
articles was carried out in the PUBMED database main-
tained by the National Library of Medicine, in the electronic 
library in SciELO, and in the Virtual Health Library (VHL) 
in the databases of Latin American and Caribbean Litera-
ture on Health Sciences (LILACS), using the descriptors 
“Crohn’s disease,” “exclusive enteral nutrition,” “nutri-
tion,” “children,” and “pediatrics.” Corresponding articles 
that were referenced in specific studies were also consulted. 
After the reading of the title, the articles found whose theme 
was related to Crohn’s study in childhood/adolescence and 
EEN were selected and included in a table containing the 
year of publication, publication, and reference/link.

The abstract of all selected articles was read and those 
that presented the following aspects were excluded: enteral 
nutrition was not exclusive, children and adolescents were 
not in the active phase of the disease or the public was not 
exclusively pediatric. All review articles and articles dating 
from years before 2000 were also excluded. The remaining 
studies were selected for full reading and included in a table 
containing the objective and study design, sample and initial 
PCDAI, mean age at diagnosis, the enteral formula used, 
route of administration, time of use of the EEN, results, and 
reference. In Table 1, the final samples consider the children 
and adolescents who completed the full course of EEN and 
were analyzed, to minimize any biases related to the over-
estimation of the sample.

Results

Initially, 38 studies were selected, 35 of which were found 
in PUBMED, 2 in LILACS, and 1 in SciELO. The studies 
found in the PUBMED database were all in English, the 

studies in LILACS were in the Spanish language, and the 
study found in SciELO was in Portuguese. After reading the 
abstracts, 21 articles that did not attend to the predetermined 
inclusion criteria were excluded. Then the 17 remaining arti-
cles were the sample for the evaluation in the present study; 
the articles evaluated were found in the PUBMED database 
and only 1 in the LILACS database.

The articles included in this review were 5 randomized 
clinical trials, 7 non-randomized clinical trials, and 5 retro-
spective studies with document analysis. In total, the studies 
covered 660 children and adolescents, with different degrees 
of initial CD activity, ranging mainly from moderate to 
severe, according to the PCDAI classification. The studies 
made use of the most diverse formulas available on the mar-
ket, including polymeric formulas: Modulen IBD, Nutrison 
Standard, CT3211, AL 110, Nutrison Energy, Nutrini Max, 
Nutrini Max Energy, Osmolite HiCal, Isosource Energy; the 
elementary formulas: Elemental O28 and Neocate and the 
oligomeric formulas: Pregomin and Peptisorb. Some supple-
ments administered exclusively orally were also used, such 
as the protein supplement Resource Protein and the hyper-
osmolar supplements: Nutridrink, Nutridrink Yoghurt Style, 
Nutridrink Juice Style, Ensure Plus, Ensure Plus Fresh, 
Resource Energy, Resource Fruit, Fresubin Energy Drink, 
and Fresubin Jucy Drink.

The Modulen IBD polymer formula was the most used 
in the studies included in this review: 41% of the analyzed 
studies used this formula during EEN. A single study used 
a manufactured polymeric formula which was manufactured 
in a hospital in the UK. Regarding the route of administra-
tion of the diet, 9 of the 17 articles preferentially used the 
oral route. In these cases, the nasoenteral tube was only used 
when it was a demand of the patient at the beginning or dur-
ing the treatment. The rest of the studies used preferentially 
the nasoenteral route or were not specific as to the majority 
route of administration; only one patient received the diet 
through a gastrostomy. The studies varied in terms of the 
duration of EEN, with studies that maintained therapy for 
only 4 weeks and studies that maintained therapy for 6, 8, 
10, 12, and up to 16 weeks. However, most studies carried 
out the therapeutic intervention for a minimum period of 
8 weeks.

Clinical effects

All 17 articles evaluated had as a common result, a success 
of the EEN to induce remission of active CD. Grover Z. 
et al. [20] found that EEN was able to induce early mucosal 
healing and provided sustained remission, reducing relapse 
rates and hospitalizations in newly diagnosed children. 
Also, Navas-Lópes V.M et al. [21] evaluated the impact of 
EEN as primary therapy during the first CD outbreak and 
observed that 94% of patients who completed treatment 

Page 3 of 14    25Nutrire (2022) 47:25



1 3

Ta
bl

e 
1  

S
tu

di
es

 re
la

te
d 

to
 c

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s w

ho
 c

om
pl

et
ed

 th
e 

fu
ll 

co
ur

se
 o

f e
xc

lu
si

ve
 e

nt
er

al
 n

ut
rit

io
n

O
bj

ec
tiv

e 
an

d 
stu

dy
 

de
si

gn
Sa

m
pl

e 
an

d 
in

iti
al

 
PC

D
A

I (
±

 S
D

)
A

ge
 (y

ea
rs

 o
n 

av
er

-
ag

e +
 S

D
 ra

ng
e)

En
te

ra
l’s

 fo
rm

ul
as

Ro
ut

e 
of

 a
dm

in
ist

ra
tio

n
Ti

m
e 

of
 th

e 
us

e 
of

 E
EN

Re
su

lts
Re

fe
re

nc
e

To
 c

om
pa

re
 th

e 
th

er
ap

eu
tic

 e
ffe

ct
s o

f 
th

e 
us

e 
of

 E
EN

 a
nd

 
co

rti
co

ste
ro

id
s

Ra
nd

om
iz

ed
 o

pe
n 

cl
in

i-
ca

l t
ri

al

32
 c

hi
ld

re
n

EE
N

’s
 g

ro
up

:
38

.1
 ±

 2,
4

C
S’

s g
ro

up
: 3

5.
5 ±

 2.
5

EE
N

’S
 g

ro
up

:
11

 (4
–1

6)
C

S’
s g

ro
up

:
12

 (4
–1

7)

Po
ly

m
er

ic
(M

od
ul

en
, N

es
tlé

, 
Ve

ve
y,

 S
w

itz
er

la
nd

)

O
ra

l
10

 w
ee

ks
Th

er
e 

w
as

 n
o 

si
gn

ifi
ca

nt
 

di
ffe

re
nc

e 
to

 in
du

ce
 

cl
in

ic
al

 im
pr

ov
e-

m
en

t, 
ho

w
ev

er
, t

he
 

or
al

 p
ol

ym
er

ic
 d

ie
t 

w
as

 m
or

e 
eff

ec
tiv

e 
in

 
in

du
ci

ng
 h

ea
lin

g 
of

 
th

e 
m

uc
os

a

27

To
 c

om
pa

re
 th

e 
effi

ca
cy

 
an

d 
sa

fe
ty

 o
f a

n 
el

em
en

ta
l a

nd
 p

ol
y-

m
er

ic
 d

ie
t a

s p
rim

ar
y 

th
er

ap
y 

fo
r a

ct
iv

e 
C

ro
hn

’s
 d

is
ea

se
 in

 
ch

ild
re

n
Ra

nd
om

iz
ed

 m
ul

tic
en

te
r 

cl
in

ic
al

 tr
ia

l

33
 c

hi
ld

re
n

E0
28

’s
 g

ro
up

:
14

.9
 ±

 2.
7

N
uS

’s
 g

ro
up

:
13

.5
 ±

 2.
6

E0
28

’s
 g

ro
up

:
E0

28
14

.9
 ±

 2.
7

N
uS

’s
 g

ro
up

:
13

.5
 ±

 2.
6

El
em

en
ta

ry
:

El
em

en
ta

l 0
28

 E
xt

ra
 

(E
02

8E
)

Po
ly

m
er

ic
N

ut
ris

on
 S

ta
nd

ar
d 

(N
uS

)

N
as

og
as

tri
c 

tu
be

(2
/3

 o
f t

he
 p

at
ie

nt
s)

O
ra

l (
1/

3 
of

 th
e 

pa
tie

nt
s)

G
as

tro
sto

m
y 

(1
 p

at
ie

nt
)

6 
w

ee
ks

Th
er

e 
w

as
 n

o 
si

g-
ni

fic
an

t d
iff

er
en

ce
 

in
 in

du
ci

ng
 d

is
ea

se
 

re
m

is
si

on
, b

ut
 p

at
ie

nt
s 

w
ho

 re
ce

iv
ed

 N
uS

 
ga

in
ed

 m
or

e 
w

ei
gh

t, 
w

hi
ch

 su
gg

es
ts

 th
at

 
th

e 
po

ly
m

er
ic

 d
ie

t 
m

ay
 b

e 
su

pe
rio

r w
he

n 
th

e 
go

al
 is

 w
ei

gh
t g

ai
n

33

To
 in

ve
sti

ga
te

 w
he

th
er

 
th

e 
in

du
ct

io
n 

of
 c

lin
i-

ca
l r

em
is

si
on

 a
ch

ie
ve

d 
by

 E
EN

 is
 a

ss
oc

ia
te

d 
w

ith
 m

od
ifi

ca
tio

n 
of

 
fe

ca
l m

ic
ro

flo
ra

 in
 C

D
C

as
e–

co
nt

ro
l c

lin
ic

al
 

tr
ia

l n
on

-r
an

do
m

iz
ed

9 
cr

ia
nç

as
In

iti
al

 P
C

D
A

I n
ot

 
in

fo
rm

ed

EE
N

’s
 g

ro
up

:
9–

17
Po

ly
m

er
ic

(M
od

ul
en

 IB
D

; N
es

tlé
, 

Ve
ve

y,
 S

w
itz

er
la

nd
)

O
ra

l
8 

w
ee

ks
Th

e 
da

ta
 su

gg
es

t t
ha

t a
 

po
ss

ib
le

 m
ec

ha
ni

sm
 

of
 a

ct
io

n 
of

 E
EN

 in
 

in
du

ci
ng

 C
D

 re
m

is
-

si
on

 is
 th

e 
ab

ili
ty

 to
 

m
od

ify
 th

e 
in

te
sti

na
l 

m
ic

ro
bi

ot
a

34

To
 c

om
pa

re
 th

e 
us

e 
of

 p
ar

tia
l e

nt
er

al
 

nu
tri

tio
na

l t
he

ra
py

 
an

d 
ex

cl
us

iv
e 

en
te

ra
l 

nu
tri

tio
na

l t
he

ra
py

 
fo

r i
nd

uc
tio

n 
of

 C
D

 
re

m
is

si
on

Ra
nd

om
iz

ed
 c

lin
ic

al
 

tr
ia

l

50
 c

hi
ld

re
n

PE
N

’s
 g

ro
up

: 4
0 

(2
2.

5–
70

)
EE

N
’s

 g
ro

up
:

42
.5

 (2
2.

5–
72

.5
)

PE
N

’s
 g

ro
up

:
12

.9
(6

.8
–1

5.
9)

EE
N

’s
 g

ro
up

:
12

.0
 (3

.8
–1

6.
0)

El
em

en
ta

ry
:

El
em

en
ta

l O
28

 E
xt

ra
O

ra
l o

r N
as

og
as

tri
c 

tu
be

6 
w

ee
ks

Th
e 

re
m

is
si

on
 ra

te
 

pr
om

ot
ed

 b
y 

pa
rti

al
 

en
te

ra
l t

he
ra

py
 w

as
 

si
gn

ifi
ca

nt
ly

 lo
w

er
 

th
an

 th
e 

re
m

is
si

on
 

ra
te

 fr
om

 e
xc

lu
si

ve
 

en
te

ra
l n

ut
rit

io
n 

th
er

ap
y

26

To
 e

va
lu

at
e 

th
e 

us
e 

of
 e

xc
lu

si
ve

 e
nt

er
al

 
nu

tri
tio

n 
to

 in
du

ce
 

ea
rly

 re
m

is
si

on
 o

f 
m

uc
os

al
 in

fla
m

m
at

io
n

O
pe

n,
 n

on
-r

an
do

m
iz

ed
 

cl
in

ic
al

 tr
ia

l

26
 c

hi
ld

re
n

PC
D

A
I >

 30
13

.1
0 

(9
.5

–1
5.

75
)

Po
ly

m
er

ic
N

ut
ris

on
 (1

 k
ca

l/m
l, 

N
ut

ric
ia

 U
K

, 4
0 

g 
pr

o-
te

in
, 3

9 
g 

fa
t/1

00
0 

m
l)

Pr
ot

ei
n’

s s
up

pl
em

en
t:

(1
.2

5 
kc

al
/m

l, 
N

es
tle

, 
18

.8
 g

 p
ro

te
in

, 7
 g

 fa
t/ 

20
0 

m
l)

N
ut

ris
on

 (N
as

og
as

tri
c 

tu
be

)
Pr

ot
ei

n 
su

pp
le

m
en

t: 
(o

ra
l)

8 
w

ee
ks

D
at

a 
su

gg
es

t t
ha

t E
EN

 
al

on
e 

in
du

ce
s e

ar
ly

 
m

uc
os

al
 h

ea
lin

g 
an

d 
is

 a
ss

oc
ia

te
d 

w
ith

 
su

st
ai

ne
d 

re
m

is
si

on
 

an
d 

re
du

ce
s r

el
ap

se
 

an
d 

ho
sp

ita
liz

at
io

n 
ra

te
s w

ith
in

 1
 y

ea
r

20

25   Page 4 of 14 Nutrire (2022) 47:25



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

O
bj

ec
tiv

e 
an

d 
stu

dy
 

de
si

gn
Sa

m
pl

e 
an

d 
in

iti
al

 
PC

D
A

I (
±

 S
D

)
A

ge
 (y

ea
rs

 o
n 

av
er

-
ag

e +
 S

D
 ra

ng
e)

En
te

ra
l’s

 fo
rm

ul
as

Ro
ut

e 
of

 a
dm

in
ist

ra
tio

n
Ti

m
e 

of
 th

e 
us

e 
of

 E
EN

Re
su

lts
Re

fe
re

nc
e

To
 e

va
lu

at
e 

th
e 

eff
ec

tiv
en

es
s o

f E
EN

 
as

 p
rim

ar
y 

th
er

ap
y 

fo
r i

nd
uc

in
g 

cl
in

i-
ca

l r
em

is
si

on
 o

f t
he

 
di

ffe
re

nt
 p

he
no

ty
pe

s 
of

 C
D

N
on

-r
an

do
m

iz
ed

 c
lin

i-
ca

l t
ri

al

11
0 

ch
ild

re
n

In
iti

al
 P

C
D

A
I n

ot
 

in
fo

rm
ed

11
.6

 (9
.1

6–
12

.8
6)

Po
ly

m
er

ic
M

od
ul

en
 IB

D
 (N

es
tle

, 
Ve

ve
y,

 S
w

itz
er

la
nd

)
El

em
en

ta
ry

:
El

em
en

ta
l O

28
 e

xt
ra

 
SH

S 
(S

H
S 

in
te

rn
a-

tio
na

l, 
Li

ve
rp

oo
l, 

U
ni

te
d 

K
in

gd
om

)

V
ia

 o
ra

l (
51

.8
%

)
N

as
og

as
tri

c 
tu

be
 

(4
8.

2%
)

8 
w

ee
ks

EE
N

 w
as

 a
bl

e 
to

 
de

cr
ea

se
 in

fla
m

m
a-

to
ry

 m
ar

ke
rs

 a
nd

 
im

pr
ov

e 
B

M
I a

nd
 Z

 
sc

or
es

. T
he

re
 w

as
 n

o 
si

gn
ifi

ca
nt

 v
ar

ia
tio

n 
ba

se
d 

on
 d

is
ea

se
 

ph
en

ot
yp

e

24

To
 e

va
lu

at
e 

th
e 

eff
ec

ts
 

of
 a

 sp
ec

ifi
c 

po
ly

m
er

ic
 

di
et

 th
at

 is
 ri

ch
 in

 
tra

ns
fo

rm
in

g 
gr

ow
th

 
fa

ct
or

-b
et

a 
on

 th
e 

in
fla

m
ed

 m
uc

os
a

N
on

-r
an

do
m

iz
ed

 c
lin

i-
ca

l t
ri

al

29
 c

hi
ld

re
n

PC
D

A
I >

 30
- (

12
 

ch
ild

re
n)

PC
D

A
I 1

1  ±
 30

 (1
7 

ch
ild

re
n)

13
.6

 (8
.1

–1
7.

1)
Po

ly
m

er
ic

(C
T3

21
1;

 N
es

tle
, 

Ve
ve

y,
 S

w
itz

er
la

nd
),

O
ra

l
N

as
og

as
tri

c 
tu

be
 (1

 
pa

tie
nt

 fo
r 2

 w
ee

ks
)

8 
w

ee
ks

Th
e 

C
T3

21
1 

po
ly

m
er

ic
 

di
et

 is
 a

ss
oc

ia
te

d 
w

ith
 m

uc
os

al
 h

ea
lin

g 
an

d 
do

w
nr

eg
ul

at
io

n 
of

 p
ro

-in
fla

m
m

at
or

y 
cy

to
ki

ne
 m

R
N

A
 in

 
th

e 
te

rm
in

al
 il

eu
m

 a
nd

 
co

lo
n.

 In
 th

e 
ile

um
, 

th
er

e 
w

as
 a

n 
in

cr
ea

se
 

in
 g

ro
w

th
 fa

ct
or

-b
et

a 
m

R
N

A

32

To
 d

et
er

m
in

e 
th

e 
eff

ec
-

tiv
en

es
s o

f E
EN

to
 in

du
ce

 c
lin

ic
al

 re
m

is
-

si
on

 in
 c

hi
ld

re
n 

ne
w

ly
 

di
ag

no
se

d 
w

ith
 C

D
Re

tro
sp

ec
tiv

e 
ob

se
rv

a-
tio

na
l s

tu
dy

34
 c

hi
ld

re
n

PC
D

A
I

 <
 10

 (2
5%

 o
f t

he
 

ch
ild

re
n)

PC
D

A
I: 

30
–3

7.
5 

(2
0%

 
of

 th
e 

ch
ild

re
n)

PC
D

A
I >

 37
.5

 (5
5%

 o
f 

th
e 

ch
ild

re
n)

11
.6

 ±
 3.

6
Po

ly
m

er
ic

 (M
od

ul
en

 
IB

D
 o

r R
es

ou
rc

e 
IB

D
)

O
ra

l
N

as
og

as
tri

c 
tu

be
 (1

 
pa

tie
nt

)

6–
8 

w
ee

ks
EE

N
 fo

r 6
–8

 w
ee

ks
 is

 
eff

ec
tiv

e 
in

 in
du

ci
ng

 
cl

in
ic

al
 re

m
is

si
on

 a
nd

 
im

pr
ov

in
g 

th
e 

de
gr

ee
 

of
 m

uc
os

al
 in

fla
m

-
m

at
io

n

21

To
 e

va
lu

at
e 

th
e 

be
ne

fit
s 

of
 u

si
ng

 e
nt

er
al

 n
ut

ri-
tio

n 
in

 c
hi

ld
re

n 
to

 
in

du
ce

 a
nd

 m
ai

nt
ai

n 
C

D
 re

m
is

si
on

, b
as

ed
 

on
 d

is
ea

se
 a

ct
iv

ity
 

in
de

x 
an

d 
nu

tri
tio

na
l 

pa
ra

m
et

er
s

Re
tro

sp
ec

tiv
e 

st
ud

y

25
 c

hi
ld

re
n

PC
D

A
I: 

34
–1

2—
a 

ch
ild

 
w

ith
 a

 w
el

l-e
st

ab
-

lis
he

d 
di

ag
no

si
s

PC
D

A
I >

 35
 n

ew
ly

 
di

ag
no

se
d

11
.8

 ±
 3.

3 
(3

.3
–1

6)
Po

ly
m

er
ic

(M
od

ul
en

 IB
D

 (N
es

tle
, 

Sy
dn

ey
, N

SW
, A

us
-

tra
lia

)
O

sm
ol

ite
 (A

bb
ot

t 
N

ut
rit

io
n 

In
te

rn
a-

tio
na

l, 
B

ot
an

y,
 N

SW
, 

A
us

tra
lia

)

O
ra

l
N

as
og

as
tri

c 
tu

be
6–

8 
w

ee
ks

Th
e 

ex
cl

us
iv

e 
us

e 
of

 
en

te
ra

l n
ut

rit
io

n 
is

 a
n 

eff
ec

tiv
e 

th
er

ap
y 

fo
r 

ch
ild

re
n 

an
d 

ad
ol

es
-

ce
nt

s. 
Th

er
ap

y 
is

 m
os

t 
eff

ec
tiv

e 
in

 n
ew

ly
 

di
ag

no
se

d 
ch

ild
re

n

22

Page 5 of 14    25Nutrire (2022) 47:25



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

O
bj

ec
tiv

e 
an

d 
stu

dy
 

de
si

gn
Sa

m
pl

e 
an

d 
in

iti
al

 
PC

D
A

I (
±

 S
D

)
A

ge
 (y

ea
rs

 o
n 

av
er

-
ag

e +
 S

D
 ra

ng
e)

En
te

ra
l’s

 fo
rm

ul
as

Ro
ut

e 
of

 a
dm

in
ist

ra
tio

n
Ti

m
e 

of
 th

e 
us

e 
of

 E
EN

Re
su

lts
Re

fe
re

nc
e

To
 in

ve
sti

ga
te

 th
e 

eff
ec

-
tiv

en
es

s o
f n

ut
rit

io
na

l 
th

er
ap

y 
us

in
g 

th
re

e 
di

ffe
re

nt
 fo

rm
ul

as
 

ve
rs

us
 c

or
tic

os
te

ro
id

s 
to

 a
ch

ie
ve

 re
m

is
si

on
 

an
d 

in
du

ce
 m

uc
os

al
 

he
al

in
g.

 D
ur

at
io

n 
of

 
re

m
is

si
on

 a
nd

 e
ffe

ct
s 

on
 g

ro
w

th
 w

er
e 

al
so

 
ev

al
ua

te
d

Re
tro

sp
ec

tiv
e 

st
ud

y

52
 c

hi
ld

re
n

PC
D

A
I

C
S’

S 
gr

ou
p:

30
.0

 ±
 10

.5
El

em
en

ta
l’s

 fo
rm

ul
a 

gr
ou

p:
32

.0
 ±

 10
.7

Se
m

i-e
le

m
en

ta
l f

or
m

ul
a 

gr
ou

p:
 r:

 3
0.

0 ±
 12

.2
Po

ly
m

er
ic

’s
 fo

rm
ul

a 
gr

ou
p:

 3
0.

4 ±
 7.

8

C
S’

s g
ro

up
:

12
.4

 (8
–1

7)
El

em
en

ta
l’s

 fo
rm

ul
a 

gr
ou

p:
12

.1
 (7

–1
6)

Se
m

i-e
le

m
en

ta
l f

or
m

ul
a 

gr
ou

p:
30

.0
 ±

 12
.2

Po
ly

m
er

ic
’s

 fo
rm

ul
a 

gr
ou

p:
30

.4
 ±

 7.
8

Po
ly

m
er

ic
(M

od
ul

en
 IB

D
, N

es
tle

, 
Ita

ly
)

El
em

en
ta

l–
(N

eo
ca

te
, 

N
ut

ric
ia

, I
ta

ly
)

Se
m

i-e
le

m
en

ta
l (

Pr
e-

go
m

in
, M

ilu
pa

, I
ta

ly
)

O
ra

l (
po

ly
m

er
ic

’s
 

fo
rm

ul
a)

N
as

og
as

tri
c 

tu
be

(e
le

m
en

ta
l a

nd
 se

m
i-

el
em

en
ta

l f
or

m
ul

as
)

8 
w

ee
ks

N
ut

rit
io

na
l t

he
ra

py
 

is
 m

or
e 

eff
ec

tiv
e,

 
co

m
pa

re
d 

to
 c

or
ti-

co
ste

ro
id

s, 
in

du
ci

ng
 

m
uc

os
al

 h
ea

lin
g 

an
d 

im
pr

ov
in

g 
nu

tri
tio

na
l 

st
at

us
. R

em
is

si
on

 
ra

te
s a

fte
r 1

2 
m

on
th

s 
w

er
e 

si
gn

ifi
ca

nt
ly

 
hi

gh
er

 in
 th

os
e 

tre
at

ed
 

w
ith

 n
ut

rit
io

na
l’s

 
th

er
ap

y.
 T

he
re

 w
as

 n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 
be

tw
ee

n 
th

e 
fo

rm
ul

as

29

To
 c

om
pa

re
 th

e 
eff

ec
tiv

en
es

s o
f a

 g
lu

-
ta

m
in

e-
en

ric
he

d 
ric

h 
po

ly
m

er
ic

 fo
rm

ul
a 

w
ith

 a
 lo

w
-g

lu
ta

m
in

e 
di

et
 fo

r t
he

 tr
ea

tm
en

t 
of

 C
D

D
ou

bl
e-

bl
in

d,
 ra

nd
-

om
iz

ed
 c

lin
ic

al
 tr

ia
l

18
 c

hi
ld

re
n

Po
ly

m
er

ic
 fo

rm
ul

a 
gr

ou
p:

37
.7

 ±
 11

G
lu

ta
m

in
e-

ric
h 

po
ly

-
m

er
ic

 fo
rm

ul
a 

gr
ou

p:
27

.7
 ±

 12
,5

Po
ly

m
er

ic
 fo

rm
ul

a 
gr

ou
p:

10
.8

 ±
 2.

7
G

lu
ta

m
in

e-
ric

h 
po

ly
-

m
er

ic
 fo

rm
ul

a 
gr

ou
p:

 
12

.1
 ±

 2.
5

Po
ly

m
er

ic
 (m

an
uf

ac
-

tu
re

d 
in

 S
ci

en
tifi

c 
H

os
pi

ta
l S

up
pl

ie
s–

Li
ve

rp
oo

l, 
U

K
)

G
lu

ta
m

in
e-

ric
h 

po
ly

m
er

ic
’s

 fo
rm

ul
a 

(m
an

uf
ac

tu
re

d 
in

 
Sc

ie
nt

ifi
c 

H
os

pi
ta

l 
Su

pp
lie

s—
Li

ve
rp

oo
l, 

U
K

)

O
ra

l
N

as
og

as
tri

c 
tu

be
4 

w
ee

ks
Th

er
e 

is
 n

o 
ad

va
n-

ta
ge

 in
 u

si
ng

 th
e 

gl
ut

am
in

e-
en

ric
he

d 
fo

rm
ul

a 
to

 a
ch

ie
ve

 
cl

in
ic

al
 re

m
is

si
on

31

To
 v

er
ify

 th
e 

im
pr

ov
e-

m
en

t o
f a

nt
i-i

nfl
am

-
m

at
or

y 
pa

ra
m

et
er

s 
w

ith
 th

e 
us

e 
of

 n
ut

ri-
tio

na
l t

he
ra

py
 w

he
n 

co
m

pa
re

d 
to

 st
er

oi
ds

 
an

d 
un

de
rs

ta
nd

 th
e 

m
od

ul
at

or
y 

eff
ec

ts
 o

n 
th

e 
in

te
sti

na
l m

ic
ro

-
bi

ot
a

N
on

-r
an

do
m

iz
ed

 c
lin

i-
ca

l t
ri

al

19
 c

hi
ld

re
n

In
iti

al
 P

C
D

A
I n

ot
 

in
fo

rm
ed

C
S’

s g
ro

up
: 1

3.
7 ±

 1.
8

EE
N

’s
 g

ro
up

:
11

.7
 ±

 2.
5

Po
ly

m
er

ic
(M

od
ul

en
 IB

D
)

O
ra

l o
r n

as
og

as
tri

c 
tu

be
8 

w
ee

ks
B

ot
h 

tre
at

m
en

ts
 in

du
ce

 
cl

in
ic

al
 re

m
is

-
si

on
. P

at
ie

nt
s w

ith
 

ex
cl

us
iv

e 
nu

tri
tio

na
l 

th
er

ap
y 

ha
ve

 b
et

te
r 

ra
te

s o
f m

uc
os

al
 h

ea
l-

in
g,

 a
nd

 it
 is

 a
ss

oc
i-

at
ed

 w
ith

 c
ha

ng
es

 in
 

th
e 

m
ic

ro
bi

ot
a

30

To
 c

om
pa

re
 sh

or
t- 

an
d 

lo
ng

-te
rm

 d
is

ea
se

 
ou

tc
om

es
 o

f p
ed

ia
tri

c 
pa

tie
nt

s i
ni

tia
lly

 
tre

at
ed

 w
ith

 E
EN

 o
r 

co
rti

co
ste

ro
id

s
Re

tro
sp

ec
tiv

e 
st

ud
y

11
1

ch
ild

re
n

C
S’

s g
ro

up
:

30
 ±

 9.
1

EE
N

’s
 g

ro
up

:
30

 ±
 11

.6

C
S’

s g
ro

up
:

12
.2

 (6
.8

–1
6.

0)
EE

N
’S

 g
ro

up
: 1

1.
9 

(3
.3

–1
6.

3)

N
ot

 in
fo

rm
ed

N
as

og
as

tri
c 

tu
be

 (7
4 

pa
tie

nt
s)

O
ra

l

8–
16

 w
ee

ks
EE

N
 is

 m
or

e 
eff

ec
tiv

e 
in

 a
ch

ie
vi

ng
ea

rly
 re

m
is

si
on

 a
nd

 is
 

as
so

ci
at

ed
 w

ith
 le

ss
 

lo
ng

-te
rm

 st
er

oi
d 

us
e

28

25   Page 6 of 14 Nutrire (2022) 47:25



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

O
bj

ec
tiv

e 
an

d 
stu

dy
 

de
si

gn
Sa

m
pl

e 
an

d 
in

iti
al

 
PC

D
A

I (
±

 S
D

)
A

ge
 (y

ea
rs

 o
n 

av
er

-
ag

e +
 S

D
 ra

ng
e)

En
te

ra
l’s

 fo
rm

ul
as

Ro
ut

e 
of

 a
dm

in
ist

ra
tio

n
Ti

m
e 

of
 th

e 
us

e 
of

 E
EN

Re
su

lts
Re

fe
re

nc
e

D
et

er
m

in
e 

sh
or

t- 
an

d 
lo

ng
-te

rm
 o

ut
co

m
e 

of
 

EE
N

’s
 tr

ea
tm

en
t a

nd
 

id
en

tif
y 

pr
ed

ic
tiv

e 
fa

ct
or

s o
f t

re
at

m
en

t 
su

cc
es

s
Re

tro
sp

ec
tiv

e 
st

ud
y

77
 c

hi
ld

re
n

PC
D

A
I n

ot
 in

fo
rm

ed
13

.9
(1

1.
1–

15
.7

)
H

yp
er

os
m

ol
ar

 (H
yp

er
-

os
m

ol
ar

 si
p 

fe
ed

s)
Po

ly
m

er
ic

:
(N

ut
ris

on
St

an
da

rd
;

N
ut

ris
on

En
er

gy
;

N
ut

rin
i

M
ax

;
N

ut
rin

i M
ax

En
er

gy
;

O
sm

ol
ite

H
iC

al
;

Is
os

ou
rc

e
En

er
gy

)
Se

m
i-e

le
m

en
ta

l (
Pe

p-
tis

or
b)

O
ra

l (
hy

pe
ro

sm
ol

ar
’s

 
fo

rm
ul

a)
N

as
og

as
tri

c 
tu

be
 

(p
ol

ym
er

ic
 a

nd
 se

m
i-

el
em

en
ta

l)

6 
w

ee
ks

EE
N

 fo
r 6

 w
ee

ks
 is

 
eff

ec
tiv

e 
as

 p
rim

ar
y 

th
er

ap
y

Th
er

e 
w

as
 n

o 
si

g-
ni

fic
an

t d
iff

er
en

ce
 

in
 te

rm
s o

f c
lin

ic
al

 
re

pe
rc

us
si

on
s b

et
w

ee
n 

th
e 

fo
rm

ul
as

 u
se

d.
 

Th
e 

ac
ce

pt
an

ce
 o

f 
H

SP
 w

as
 lo

w
er

, a
nd

 
ad

he
re

nc
e 

sh
ou

ld
 b

e 
a 

fa
ct

or
 to

 b
e 

w
or

ke
d 

on
 

fo
r b

et
te

r r
es

ul
ts

23

In
ve

sti
ga

te
 th

e 
eff

ec
t o

f 
EE

N
 o

n 
th

e 
in

te
sti

na
l 

m
ic

ro
bi

ot
a 

of
 a

ct
iv

e 
C

D
 c

hi
ld

re
n

N
on

-r
an

do
m

iz
ed

, c
as

e–
co

nt
ro

l c
lin

ic
al

 tr
ia

l

18
 c

hi
ld

re
n

PC
D

A
I >

 15
13

.5
 (1

0–
17

)
Po

ly
m

er
ic

(N
ut

ris
on

 S
ta

nd
ar

d,
 

N
ut

ric
ia

, S
w

ed
en

)

O
ra

l (
17

 p
at

ie
nt

s)
N

as
og

as
tri

c 
tu

be
 (1

 
pa

tie
nt

)

6 
w

ee
ks

Th
e 

stu
dy

 su
gg

es
ts

 th
at

 
th

e 
an

ti-
in

fla
m

m
at

or
y 

eff
ec

t o
f E

EN
 in

 c
hi

l-
dr

en
 w

ith
 a

ct
iv

e 
C

D
 

m
ay

 b
e 

re
la

te
d 

to
 th

e 
in

cr
ea

se
d 

ac
tiv

ity
 o

f 
m

ic
ro

bi
ot

a 
m

et
ab

o-
lit

es
, p

ar
tic

ul
ar

ly
 

in
cr

ea
se

d 
SC

FA
 w

ith
 

an
ti-

in
fla

m
m

at
or

y 
eff

ec
ts

 in
 c

hi
ld

re
n 

w
ith

 C
D

 in
 th

e 
sm

al
l 

in
te

sti
ne

 o
r c

ol
on

36

To
 d

et
er

m
in

e 
th

e 
eff

ec
t 

of
 E

EN
 o

n 
th

e 
in

te
sti

-
na

l m
ic

ro
bi

ot
a

N
on

-r
an

do
m

iz
ed

, c
as

e–
co

nt
ro

l c
lin

ic
al

 tr
ia

l

5 
ch

ild
re

n
PC

D
A

I 3
3.

5
N

ot
 in

fo
rm

ed
Po

ly
m

er
ic

:
O

sm
ol

ite
 (A

bb
ot

t L
ab

o-
ra

to
rie

s;
 C

ro
nu

lla
, 

N
SW

, A
us

tra
lia

)

N
ot

 in
fo

rm
ed

8–
12

 w
ee

ks
EE

N
 le

ad
s t

o 
a 

co
m

m
on

 
an

d 
pa

tie
nt

-s
pe

ci
fic

 
ch

an
ge

 in
 th

e 
m

ic
ro

-
bi

ot
a 

th
at

 c
or

re
la

te
s 

w
ith

 d
is

ea
se

 a
ct

iv
ity

35

Te
st 

th
e 

hy
po

th
es

is
 th

at
 

ch
an

ge
s i

n 
gr

ow
th

 a
re

 
re

la
te

d 
to

 d
ec

re
as

ed
 

in
fla

m
m

at
io

n 
ra

th
er

 
th

an
 im

pr
ov

ed
 n

ut
ri-

tio
na

l s
ta

tu
s

N
on

-r
an

do
m

iz
ed

, c
lin

i-
ca

l t
ri

al

12
 c

hi
ld

re
n

PC
D

A
I: 

36
 (2

2–
52

)
12

.8
 (6

.7
–1

6.
1)

Po
ly

m
er

ic
A

L 
11

0 
(N

es
tlé

´, 
C

ro
y-

do
n 

U
K

)

O
ra

l
N

as
og

as
tri

c 
tu

be
6 

w
ee

ks
EE

N
 m

ay
ha

ve
 a

 d
ire

ct
 a

nt
i-

in
fla

m
m

at
or

y 
eff

ec
t, 

pr
ec

ed
in

g 
nu

tri
tio

na
l 

re
sti

tu
tio

n

25

Page 7 of 14    25Nutrire (2022) 47:25



1 3

achieved clinical remission of the disease, with a signifi-
cant increase in serum albumin concentration and hema-
tocrit values, concomitantly with a decrease in the values 
of leukocytes, platelets, erythrocyte sedimentation rate, and 
serum C-reactive protein concentration. Another param-
eter evaluated was fecal calprotectin (FC), which acts as an 
indicative biomarker of neutrophil migration to the intestinal 
mucosa; this event is closely associated with the occurrence 
of intestinal inflammation. In this context, the concentration 
of FC in the feces is considered an important biomarker of 
disease activity. As a result, the authors found a significant 
decrease in the concentration of FC, indicating an improve-
ment in the degree of inflammation of the intestinal mucosa. 
In addition, although no significant difference was found 
between patients who used EEN early or late, those who 
were treated with EEN as primary therapy had to use less 
CS in the long term.

These results are in line with those found by Day As 
et al. [22] whose study aimed to evaluate the benefits of 
using EEN to induce CD remission. The aim was to observe 
possible differences in the therapeutic outcome between 
newly diagnosed children and children with sustained CD. 
Both groups improve nutritional aspects, with a significant 
improvement in the weight Z Score (p = 0.0016) and BMI 
(p = 0.001), but 80% of newly diagnosed children reached 
clinical remission with improvement in C-reactive protein, 
albumin, and platelet values, while only 58% of children 
with sustained CD achieved remission, improving only the 
serum albumin concentration and platelet count.

In another study with 77 newly diagnosed children, 
it was observed that EEN is effective as primary therapy 
for the clinical remission of the disease, as well as provid-
ing improvements in nutritional aspects. [23] Otherwise, 
in 2009, Buchanan et al. [24] analyzed 110 children with 
sustained CD and they observed a decrease in erythrocyte 
sedimentation and serum concentration of C-reactive pro-
tein and an improvement in the weight and BMI Z Scores 
(p < 0.001). These studies have shown a positive correlation 
between the use of EEN, nutritional support, and reduced 
inflammation. Thus, in 2004, Bannerjee et al. [25] conducted 
a study to assess whether the improvement in linear growth 
provided by EEN was related to the nutritional support or the 
attenuation of inflammatory response. For this purpose, 12 
prepubertal children and adolescents received a polymeric 
formula for 6 weeks. As a result, they found an improvement 
in serum IL-6 and an increase in serum IGF-1 concentration, 
before the change in nutritional biomarkers, which means 
that the improvement in growth seems to be more associated 
with attenuation of inflammation than nutritional support 
itself.

Regarding the therapy used, only 1 study evaluated the 
difference between the effectiveness of EEN and partial 
enteral nutritional (PEN). Johnson et al. [26] performed a 

randomized clinical trial with 50 children to assess which 
therapy would be most effective. There was no significant 
difference between the groups regarding nutritional aspects 
and PCDAI at the end of treatment; however, they observed 
that the average rate of remission caused by PEN was only 
15%, while in the group of children with EEN it was 42%. 
They also observed that the EEN provided a reduction in 
episodes of diarrhea.

Exclusive enteral nutrition and corticosteroids

Of the 17 studies included in this study, 4 studies aimed to 
compare the clinical repercussions of the use of EEN and 
corticosteroid therapy [27–30]. Regarding the decrease of 
Crohn’s disease activity, 3 studies had presented similar 
results about the efficacy to achieve clinical remission, as 
both corticosteroid therapy and EEN therapy were success-
ful in inducing remission, with no significant difference in 
this parameter. However, the group treated with EEN pre-
sented a better index of mucosa healing [27, 29, 30]. Other-
wise, Connor et al. [28] verified that the group treated with 
EEN achieved a better rate of remission, because 87% of the 
patients treated with EEN reached clinical remission, while 
only 58% of patients that had used the corticotherapy had 
the same outcome.

Regarding the maintenance of clinical remission, Canani 
et al. [29] verified that the group of children who used the 
EEN for inducing clinical remission, as primary therapy, 
had better results for the maintenance of remission, in the 
long term, when compared to the group of the children who 
had used of the corticotherapy as the primary therapy. These 
results corroborate with the findings by Connor et al. [28], 
which observed that children who made the use of EEN as 
the first therapy for inducing clinical remission had a lower 
probability of using corticosteroids, without increasing the 
risk of clinical complications, such as surgery or the use of 
biological agents.

Regarding the nutritional repercussions, Borrelli et al. 
[27] observed a significant increase in height, weight, and 
BMI in both groups, although only the polymeric diet group 
presented superior weight gain. Canani et al. [29] did not 
verify significant differences in weight gain between the 
EEN and CS group, although EEN proved to be more effec-
tive in improving nutritional status, with an increase in 
serum iron and albumin concentrations and also the more 
accentuated linear growth in the group that received EEN. 
On the other hand, at the end of the 8 weeks of treatment, 
Pigneur et al. [30] did not find significant differences in the 
BMI Z-score in both groups.

Another relevant point concerns the side effects. Canani 
et al. [29] verified that 90% of patients treated with CS had 
side symptoms typical of corticosteroid therapy, such as 
moon face, hyperglycemia, muscle weakness, and acne, 
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while only 32% of children in the EEN group had side symp-
toms such as nausea, diarrhea, and abdominal discomfort. 
Borrelli et al. [27] obtained a similar result, since the EEN 
group presented only mild collateral symptoms, such as 
flatulence and emetic reflex, while children who received 
CS presented typical symptoms related to drug toxicity, such 
as Cushingoid appearance and acne.

Formulas differences

Only 3 studies had as main objective to verify if the dif-
ferent compositions or components of the enteral formulas 
interfere with the therapeutic effect of the EEN [31–33]. In 
2004, Ludvigsson et al. [33] conducted a multicenter ran-
domized study in which one group received an elemental 
formula and another group received a polymeric formula 
over 6 weeks. There was no significant difference in disease 
remission rates, but the polymeric diet group showed higher 
rates of weight gain.

Components of the formulas with possible immunomodu-
latory actions were also evaluated [31, 33]. A study evalu-
ated the use of the polymeric formula CT3211, which pre-
sents as the main differential the inclusion of casein, rich in 
growth factor β, as a protein source. As a result, they found 
that the children gained weight, had an increase in the stand-
ard deviation of BMI, and presented good rates of mucosal 
healing [32]. The CT3211 formula was also able to induce a 
reduction in gene expression of IL-1β, IL-8, and interferon-
gamma, especially in the terminal ileum and colon [32]. A 
double-blind randomized trial conducted in 2000, evaluated 
the efficacy of a polymeric formula rich in glutamine, in 
which 42% of the total amino acid composition of the for-
mula was glutamine, in comparison with a formula with low 
content of glutamine (4%). However, the authors did not 
find significant differences in weight gain and rate of clini-
cal remission between the groups. It should be highlighted 
that the low-glutamine diet group presented a significantly 
better result (p = 0.002) in the PCDAI in comparison with 
the high-glutamine diet group [31].

In addition to the studies in which the main objective 
was to verify the difference between the formulas in thera-
py’s efficacy, other studies also addressed this issue. De Bie 
C. et al. [23] retrospectively evaluated patients who used 
polymeric and semi-elemental formulas via nasoenteral 
and patients who used oral hyperosmolar nutritional sup-
plements. The study was not specific about the degree of 
hydrolysis of the formulas used via oral, only mentioning the 
hyperosmolarity characteristic of the formulas. Patients who 
used the hyperosmolar formula were able to make a combi-
nation of drinks, depending on preference and taste, which 
made it impossible to determine how many patients took a 
particular brand. However, the study covered a wide variety 
of formulas with this hyperosmolar characteristic. There was 

no significant difference between the groups regarding the 
effectiveness of the treatment, although the children who 
received the hyperosmolar formula had low adherence to 
treatment compared to the others. Canani et al. [29] did not 
observe any difference between the polymeric, elemental, 
and semi-elemental formulas in the clinical outcome. This 
result is similar to that found by Buchanan et al. [24], in 
which there was no difference observed between the poly-
meric and elemental formulas.

Microbiota modulation

Only 3 studies had as main objective to verify the impact 
of EEN on gut microbiota [34–36]. Lionetti et al. [34] car-
ried out a test with 9 children with active CD. The children 
made use of EEN for 8 weeks. Fecal samples from children 
on EEN’s therapy were collected 2 to 3 weeks after starting 
treatment and compared with samples from healthy children. 
A modification was observed in the pattern of microorgan-
isms residing in the intestinal microbiota, however, which 
strains were modified were not determined.

Another study carried out in 2015 aimed to understand 
the effect of the use of the EEN in children with newly diag-
nosed CD. In this study, 5 children started EEN’s treatment, 
2 days after the diagnosis and, in most cases, continued 
therapy for a period of 8 to 12 weeks. The study evaluated 
the number of operating taxonomic units before and after 
therapy. For this purpose, stool samples were collected from 
patients and the control group, periodically for a period of 
26 weeks, after the start of therapy. They observed that there 
was a positive correlation between the PCDAI and the num-
ber of the taxonomic units present in the stool sample, in 
which there was a gradual increase in bacterial phyla at the 
beginning of the EEN until the effective clinical remission 
(PCDAI < 10) [35].

As the study evaluated the post-therapy repercussions, 
they were also able to verify that the opposite was true and 
when there was an episode of relapse (PCDAI > 10), there 
was also an increase in bacterial phyla present in fecal sam-
ples. This fact suggests a difference between disease activ-
ity and the composition of the intestinal microbiota. How-
ever, these changes in the taxonomic unit were not regular, 
because every child presented a pattern of microorganisms 
in the baseline and had its specificity previous to the therapy 
[36]. In 2012, Tjellstrom et al. [36] conducted a study with 
18 children, for 6 weeks, to evaluate the changes in intestinal 
microbiota metabolites, more specifically, in the short-chain 
fatty acids pattern. For that purpose, stool samples were col-
lected from all patients. These patients presented an increase 
in butyric acid values, which presents an anti-inflammatory 
action, suggesting a positive correlation between the use of 
EEN as the unique food source and the short-chain fatty 
acids synthesis from intestinal microbiota.
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Discussion

The articles included in this review presented similar 
results regarding the effectiveness of the use of EEN’s 
therapy to induce clinical remission of CD in pediatric 
patients. Most studies used PCDAI < 10 as a parameter to 
define clinical remission, except for one article that did not 
use PCDAI as a diagnostic parameter [30]. The articles 
that evaluated the nutritional repercussions of the use of 
EEN had as a common result the improvement in weight 
Z-score [22–24].

Yu Y et al. [9] infer that the clinical remission promoted 
by the use of EEN, represented by the PCDAI, may be due to 
the improvement in nutritional status, since the index covers 
several aspects of development in children and adolescents, 
including criteria related to weight gain [15]. However, 
studies varied in the initial value of PCDAI, which demon-
strates the effectiveness of EEN in inducing clinical remis-
sion in different degrees of CD [20, 26, 28]. In addition, 
even if the nutritional support contributes to the definition 
of clinical remission represented by PCDAI, the attenuation 
of inflammation promoted by EEN can be demonstrated by 
the isolated evaluation of biochemical tests, as a decrease 
in erythrocyte sedimentation rate, serum C-reactive protein 
concentration, leukocyte, and platelet counts and fecal cal-
protectin concentration [21, 23, 24].

In this context, Bannerjee et al. [25] observed that EEN 
induces a reduction in inflammatory markers and IL-6, 
before changes in nutritional parameters, concomitant 
with an increase in serum IGF-1 concentration. However, 
even with the increase in serum IGF-1, no differences were 
observed in the height for age Z-score. Other nutritional bio-
markers related to protein turnover, such as retinol-binding 
protein and prealbumin, were not evaluated, as they are pro-
teins produced by hepatocytes, which can be suppressed by 
pro-inflammatory cytokines (IL-1, IL-6, and TNF-alpha) 
that are present in high levels in CD. The study suggests that 
EEN provides a direct anti-inflammatory effect that precedes 
nutritional restitution [25]. To identify whether nutritional 
restitution is effective, it is necessary to carry out a longi-
tudinal follow-up, mainly to identify significant differences 
in the height Z-Score, as this indicator is not as sensitive to 
dietary interventions as the weight Z-Score [25, 37]. In addi-
tion, inflammatory markers are more sensitive to the dietary 
interventions, considering the decrease in food antigens in 
the intestinal lumen, during EEN’s therapy [37]. Also, the 
bowel rest may be related to the improvement of the histo-
logical and clinical aspects of the disease, since there is a 
decrease of the intestinal lesions, which contributes to the 
healing of the inflamed mucosa [37].

Usually, the mucosal healing rate achieved by EEN is 
similar to anti-TNF treatment and superior to steroids [21]. 

In the present review, it was possible to verify that EEN is 
associated with better healing rates of the intestinal epithe-
lium [27, 29]. One of the hypotheses related to the superi-
ority of EEN in promoting mucosal healing is the ability of 
EEN to correct nutritional deficits, enhancing the process 
of regeneration of the intestinal epithelium. Based on this 
premise, Akobeng et al. [31] tested a hypothesis that a 
formula rich in glutamine, the main energy substrate of 
the enterocyte, could present superior results in the clini-
cal outcome of patients with CD. They observed that an 
enriched formula presented inferior results when compared 
to the usual formula. The hypothesis was tested consider-
ing the supply of a possible nutrient with immunomodula-
tory action, but glutamine is also one of the main energy 
sources for immune system cells, such as lymphocytes 
and macrophages. Since the CD is a disease characterized 
by the dysregulation of the immune response, providing 
more glutamine to these cells may have contributed to an 
increase in the local inflammatory response, which denotes 
the need to consider all possible interactions.

Another possible immunomodulator is casein, a protein 
derived from milk, rich in TGF-β transforming beta trans-
former, which function is associated with immunoglobu-
lins, cell differentiation, and the growth of several cells. 
This protein may play a central role in anti-inflammatory 
processes related to autoimmune diseases and tolerance 
mechanisms [38]. Fell et al. [32] observed that the CT3211 
formula, whose only protein source is casein, was able to 
promote a downregulation in the gene expression of IL-1β, 
IL-8, and interferon γ. However, no significant differences 
were observed in clinical outcomes from the use of other 
polymeric formulas such as Nutrison Standard™, whose 
protein source also includes whey protein, or even hydro-
lyzed formulas, so it is not possible to infer the superiority 
of casein as a protein source [26, 33].

Another mechanism related to the superior healing rates 
is associated with a lower exposure of food antigens in the 
intestinal lumen during the EEN’s therapy period, which 
reduces the exacerbated immune response, responsible for 
the histological changes inherent to CD [37]. In this con-
text, EEN presents better results in terms of CD remission 
rate when compared to PEN [26]. The first studies reported 
on the EEN used an elemental diet in line with the theory 
that free amino acids had lower antigenic potential con-
cerning whole proteins [37]. However, among the selected 
studies in this review, none of them showed superiority in 
the use of the elemental formula to induce clinical remis-
sion, when compared to the polymeric or semi-elemental 
formulas, which demonstrates that the effectiveness of the 
therapy seems to be more associated with a decrease in 
exposure to food residues present in a standard diet in 
comparison to the degree of hydrolysis of the nutrients.
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Modulation of the gut microbiota may also be associated 
with the success of enteral therapy [35]. The metabolites 
produced by bacteria, particularly associated with SCFA, 
may be responsible for the effectiveness of the modula-
tion since EEN provides an increase in the concentration 
of butyric acid, which has an anti-inflammatory character 
[36]. Butyric acid is one of the fermentation products of 
GIT’s bacteria and one of the main energy substrates of 
colonocytes. The role of butyric acid in the inflammatory 
response is associated with the inhibition of the synthesis 
of TNF-alpha, IL-6, and IL-12 cytokines, which have a 
pro-inflammatory action, and stimulation of the synthesis 
of IL-10, an anti-inflammatory cytokine. Butyric acid can 
reduce the release of IL-2 and IFN-γ, playing a crucial role 
in inflammatory modulation in autoimmune conditions [39] 
which may also contribute to the effectiveness of EEN as 
therapy in CD. However, it is not possible to predict the 
exact factor by which the EEN provides this modulation, as 
any change in the food supply can interfere with the micro-
biota, its substrates, and the pH, which interferes with the 
fermentation rates [36].

It is still unclear which microorganisms would be directly 
involved in intestinal dysbiosis associated with CD. Patients 
with CD may have great variability of microorganisms in 
the microbiota [34], which supports the theory that several 
strains may be related to the pathogenesis of the disease 
[35]. Some studies suggest that the increase in Bifidobac-
terium is associated with a positive clinical outcome [35, 
40]. Otherwise, Pigneur et al. [30] observed enrichment of 
Bifidobacterium after steroid therapy, which suggests that 
this modulation may be possible by another pathway, not 
exclusively with EEN. Also, in 2019, Yilmaz B et al. veri-
fied in their study about the microbial network in CD that the 
Bacteroidetes and Ruminococcus strains are more associated 
with CD, while Faecalibacterium would be more associated 
with ulcerative colitis [41].

The composition of the microbiota is influenced by 
numerous factors, such as dietary patterns, medication use, 
and lifestyle habits. This fact can explain the large diver-
gence in the results of the studies regarding the microbiota 
of patients with CD [42]. In this context, changing dietary 
patterns is a possible modulation tool, which may minimize 
the exposure to endotoxins and the risk of abnormal immune 
responses [42]. During the EEN, the dietary intervention 
occurs for a limited period, and even then, it already allows 
a change in the profile of bacteria, which demonstrates the 
effectiveness of modulating the microbiota by the diet. A 
long-term intervention can be beneficial considering the 
maintenance of this primary modulation since EEN is also 
associated with a positive clinical outcome acting as main-
tenance therapy [43].

Regarding the route of administration of the diet, most 
studies used preferentially the oral one. Buchanan et al. [24] 

verified that children with nasoenteral feeding were more 
successful in the treatment in comparison to the children 
who received the diet orally. This may be related to the pal-
atability of the oral formula, which impacts adherence to 
treatment and, consequently, the expected clinical outcome. 
The improvement of the palatability is a determining factor 
to enhance acceptance of the oral formula [32] since the 
oral polymeric formulas are usually more accepted than the 
elemental formulas [22].

About the low acceptance of the diet, none of the articles 
evaluated considered the acceptance of a normal oral diet 
prior to treatment. The criterion for indicating EEN was, 
mostly, the degree of disease activity; only patients who pre-
sented some functional impediment to the indication of ther-
apy, such as patients who presented fistulas or total intestinal 
obstruction, were not indicated for the EEN protocols [33]. 
In fact, one of the possible principles of therapy is the pro-
motion of intestinal rest, in order to minimize the antigenic 
factors present in the normal diet, so the exclusion of other 
dietary components is essential for treatment success [37]. 
However, the studies evaluated encompass a large number of 
children and adolescents, who differ in the degree of severity 
of the diseases [21, 26, 27, 33]. Therefore, it is possible that 
a child is in the active phase of the disease, to a moderate 
degree, for example, and still manages to tolerate a normal 
oral diet, being able to complete their daily energy needs via 
oral feeding. As the criterion for inclusion of EEN does not 
consider previous oral acceptance, the abrupt suspension of 
normal oral feeding can negatively impact treatment adher-
ence. Therefore, evaluating previous oral acceptance and 
performing the insertion of EEN gradually, as well as food 
reinsertion [16], can be an alternative to improve acceptance 
of the diet, and make the period of treatment less painful for 
these children and adolescents due to the food restriction.

In this context, the studies differed between the time of 
the use of the EEN, including studies that lasted for a time 
of 4 weeks [31] and studies in which the EEN was main-
tained for up to 12/16 weeks [28, 35]. It is possible to infer 
that children who stayed longer with EEN suffered a big-
ger impact on quality of life, considering the absence of 
normal oral feeding. Overall, no differences were observed 
regarding the duration of EEN and the effectiveness of the 
therapy, since the patients who remained on therapy for only 
4 weeks achieved clinical remission, as well as patients who 
remained on therapy for 16 weeks [28, 31].

Lionnet P [34] conducted a study for 8  weeks and 
observed that in the 4th week, all children had reached clini-
cal remission, which is in agreement with the findings of 
JF Luvidgsson [33] who verified a gradual improvement in 
the degree of activity of the Chron’s disease between 4 and 
6 weeks, but observed no difference in the first 2 weeks. 
These findings may indicate that the use of EEN for only 
4 weeks may be enough to achieve the expected clinical 
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outcome. Corroborating these findings, Day AS et al. [22] 
observed continuous improvements in PCDAI during weeks 
4 and 8, although the mean change in PCDAI from baseline 
at 4 to 8 weeks was not significant.

There is no consensus about the perfect time to maintain 
EEN, although there is a certain standardization in maintain-
ing therapy for a minimum period of 8 weeks, as adopted by 
the vast majority of articles evaluated in the present study. 
The 8-week period seems to be a good time to elicit clini-
cal improvement, related to inflammation minimization and 
nutritional parameters [22]. However, even if the therapy 
impacts the lives of these children and adolescents during 
EEN, the clinical remission of the disease, per se, provides 
an improvement in quality of life in long term, since there 
are data that suggest that EEN is able to prevent relapses and 
minimize the risk of hospitalizations within 1 year [20, 34].

Another relevant point concerns the specificities of the 
evaluated public. EEN appears to be quite effective in induc-
ing clinical remission in the general pediatric population, 
and it may be even more useful when used as a first-line 
intervention in newly diagnosed children and adolescents 
[22, 23]. It is not clear why EEN is more effective as a pri-
mary treatment, but some data suggest that this therapy, 
when adopted as a primary treatment, is superior to CS, in 
the remission rate after 12 months [29]. Also, it is worth 
mentioning that even if there is a superiority in inducing 
clinical remission in newly diagnosed children, this does not 
cancel the effectiveness of the therapy in children with an 
already well-defined diagnosis [22]. The EEN’s use proved 
to be more effective in providing improvements in global 
nutritional status than corticosteroid therapy [27, 29]. The 
side effects promoted by EEN can also be considered less 
debilitating than those caused by CS since the corticotherapy 
is largely associated with the development of facial anoma-
lies resulting from Cushing’s syndrome and a delay in linear 
growth [9]. In general, CD patients are more likely to have 
a deficit in their ability to socialize due to low self-esteem 
and barriers to understanding their sexuality. In this sense, 
both the clinical manifestations of the disease itself and the 
secondary repercussions resulting from the treatment can 
negatively affect the quality of life of children and adoles-
cents, representing serious psychosocial problems [1]. The 
absence of serious collateral symptoms that interfere with 
the appearance, concomitant with the promotion of linear 
growth and sexual maturation, turn EEN into a more inter-
esting therapeutic alternative for this public, both in terms of 
social and immunological repercussions. The improvement 
in life’s quality and, consequently, the decrease in physiolog-
ical stressors can lead to a decrease in the pro-inflammatory 
cytokine, which may be related to an improvement in disease 
activity and mucosal healing [44].

The present work has limitations due to the inherent 
characteristics of the research design itself. The narrative 

review has a broader approach to data selection, with no 
well-established selection and exclusion protocols. The 
choice of articles is at the sole discretion of the author, who 
can suffer from subjective influences, which contributes to 
the emergence of possible biases [45]. The selected stud-
ies presented a wide variety of years of publication, study 
design, and sample size. In the present review, only 5 ran-
domized clinical studies were included, which have greater 
scientific support regarding the level of evidence [46]. Many 
studies covered a smaller sample of 50, which demonstrates 
the need for more representative samples. Also, the studies 
differed in terms of the protocol for including patients for 
evaluation, as well as in the parameters analyzed.

Conclusion

EEN is an effective therapy for inducing clinical remission 
in pediatric patients with active CD and it is associated with 
an improvement in the quality of life in this population. The 
present work allowed us to explore the possible mechanisms 
behind the effectiveness of the EEN, regarding the possi-
ble metabolic interactions. There is still a lot of uncertainty 
about how EEN provides clinical remission; hypotheses have 
been pointed out about the modulation of the microbiota, 
the correction of nutritional deficits, and the minimization 
of food antigens with proinflammatory potential. Therefore, 
there is a need to carry out more clinical trials, which allow a 
better understanding of the metabolic interactions that result 
in the remission of inflammation, so that it is possible to use 
this knowledge for therapeutic purposes. In summary, EEN 
is presented as an effective therapy, with sufficient evidence 
to support its use in the pediatric population. However, clini-
cal studies with larger samples are needed to better under-
stand the mechanisms behind its effectiveness.
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