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Purpose: Exclusive enteral nutrition (EEN) therapy effectively induces clinical remission in Crohn’s disease (CD). It remains un-
clear, however, whether partial enteral nutrition (PEN) can maintain remission. This study was performed to determine the abili-
ties of oral EEN and oral PEN to induce and maintain clinical remission in pediatric patients with CD, respectively.

Materials and Methods: Pediatric patients with CD who received oral EEN at a single center in 2000-2014 were identified retro-
spectively. Remission rates of the EEN and PEN during the 2 years study period were determined. Risk factors for EEN and PEN
failure were identified.

Results: Of the 66 patients who started EEN, 61 (92%) completed the course. Clinical remission was achieved in 88% (58/66) of
the patients. All 58 patients with remission continued with PEN: 43 (74%) were treatment adherent. The cumulative remission
rates at 1 and 2 years were 67% and 52%, respectively. Differing from EEN, limited therapeutic efficacy of PEN was shown in se-
vere CD patients. Female gender associated significantly with non-adherence.

Conclusion: Oral EEN and PEN effectively induced and maintained remission in a pediatric population. Non-adherence was a

limiting factor in the success of therapy.
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INTRODUCTION

Crohn'’s disease (CD) is a chronic inflammatory condition of
the gastrointestinal tract that causes severe nutritional and
emotional complications. It is characterized by periods of re-
mission and recurrent relapses,* and is caused by mucosal
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immunity dysregulation that induces overproduction of in-
flammatory cytokines in the bowel and leads to uncontrolled
intestinal inflammation.? The main goals in the management
of CD is to induce remission and prevent relapses because this
associates with improved quality of life." For a decade, corti-
costeroids were the main therapeutic option for inducing re-
mission in patients with active CD.* However, this approach
may be less suitable for children with CD because such chil-
dren already have low bone mineral density and growth delay
at diagnosis. Steroid treatment may worsen these problems.
Another CD treatment option for the pediatric population
is nutritional treatment. Several studies showed that this form
of therapy does not associate with any side effects and leads to
the recovery of linear growth.®® Consequently, the United King-
dom and many centers across Europe started recently using
enteral nutrition to treat active CD. Subsequent studies then
showed that nutritional therapy may be suitable as a primary
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treatment for active CD.”'° As a result, in 2014, the European
Crohn'’s and Colitis Organization (ECCO) issued revised con-
sensus guidelines that recommend exclusive enteral nutrition
(EEN) as the first-line treatment for inducing remission in pa-
tients with luminal CD." Non-adherence could negatively af-
fect the clinical response to enteral nutrition and multitude of
interacting variables including route of administration seems
to paly role in adherence.

The randomized controlled trials (RCTs) by Gonzélez-Huix,
etal.'? and Gassull, et al.’* showed that EEN for 4 weeks induced
remission in 20-88% of adults with CD. An observational study
also showed that EEN for 8 weeks induced remission in 81%
of children with active CD." Moreover, along with two other
studies, it revealed, that children with CD who achieved re-
mission after EEN may have lower relapse rates if they contin-
ue with long-term partial enteral nutrition (PEN). However,
these studies were all observational studies, and enteral nutri-
tion was often delivered by nasogastric tubes.'*'® The RCT by
Takagi, et al.'”” also showed that patients with CD in remission
had lower relapse rates if they took PEN (orally or nasogastric
tube feeding) than if they had a free diet, however, these pa-
tients were all adults. Since these studies differed in terms of
patient age, the type of formula, and the route of delivery, it re-
mains unclear at present whether long-term oral PEN can be
used to maintain remission in children.

Therefore, the aim of this retrospective cohort study was to
determine how well oral EEN induces clinical remission in
children with active CD, whether oral PEN thereafter reduces
relapse rates, and which factors influence the success of EEN
and PEN treatment.

MATERIALS AND METHODS

Patients

Newly diagnosed pediatric patients with CD who were man-
aged in March 2000-January 2014 with oral EEN to induce re-
mission and were then followed-up with oral PEN at the Asan
Medical Center Children’s Hospital were retrospectively in-
cluded in the study.

Patients who had already received corticosteroids, immuno-
suppressive drugs, or infliximab before undergoing oral EEN
were excluded. However, patients who received 5-aminosali-
cylic acid concomitantly with EEN treatment were included.
Patients did not receive immunosuppressive drugs or inflix-
imab during oral PEN treatment. Most patients who referred
from other hospital for suspicion of CD and previously used
corticosteroids were excluded from the study. In our hospital,
we used EEN as the first therapy for induction, especially who
had growth delay.

The study data were collected retrospectively from patient
medical records and included demographics, clinical charac-
teristics, and laboratory findings. The retrospective analysis was

1186

Efficacy of Enteral Nutrition in Crohn’s Disease

approved by the Institutional Review Board of Asan Medical
Center.

CD characteristics and definitions

CD was diagnosed on the basis of a combination of the pa-
tient’s history, physical and laboratory examinations, esopha-
gogastroduodenoscopy and ileocolonoscopy with histology,
and imaging of the small bowel. Indeterminate colitis, infec-
tions, and other recognized causes of intestinal inflammation
were excluded by appropriate investigations.'® After confirm-
ing the diagnosis of CD, the disease status was classified ac-
cording to the Paris classification system."

Methods of oral nutritional therapy

All patients were fully informed about oral nutrition therapy
and agreed to receive it. Patients shortly tried EEN at hospital
for 3-4 days and who had non-adherence to treatment at this
period were excluded from the study. The sole nutritional source
in the study was elemental nutrition that was delivered orally
(nasogastric tube feeding was not used in our study).

We used commercial product Energen® (Samil Pharmaceu-
ticals, Seoul, Korea: 300 kcal per packet containing 63 g of glu-
cose, 13 g of protein) until 2005 in 9 patients and thereafter we
used Monowell® (Korea Medical Food, Seoul, Korea: 400 kcal
per packet containing 50 g of glucose, 16 g of protein and 15 g
of fat) in 57 patients. Monowell® has been provided free of
charge according to the program run by the Korean Govern-
ment of Ministry of Health and Welfare for the treatment of
pediatric Crohn’s disease patients since 2005. To induce re-
mission, approximately 2400 Cal. (2.4 L)/1.73 BSA was deliv-
ered by the oral route for six weeks. During this period, pa-
tients were allowed unsweetened tea or water but no other food.
The total daily calorie goal was achieved gradually by the first
3-4 days.

After the induction period, the patients received two meals
per day that were composed of PEN (400-800 Cal./day) and
one meal with free food. After 3 or 4 months later, this changed
to one PEN meal and two meals with free foods.

Patients who were unable to consume an adequate volume
of the formula were defined as non-adherence to enteral nu-
trition. Patients” adherent was checked by reviewing medical
records at regular follow-up. All patients visited hospital at
regular follow-up period.

Clinical assessment

The disease and nutritional status of each patient was as-
sessed before therapy and at regular follow-up visits after the
initiation of therapy. Clinical disease activity was assessed at
diagnosis and at each visit by using Pediatric CD Activity In-
dex (PCDAI) scores.” Clinical remission was defined as a PC-
DAI score <10. Relapse was defined when the PCDAI score
was >10 and clinical symptoms had recurred. The disease se-
verity was classified as mild (10sPCDAI<30), moderate (30<PC-
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DAI<40), or severe (PCDAI>40).”! Nutritional status and growth
were assessed by calculating the z-scores for weight for height,
height for age, and body mass index.

The efficacies of oral EEN at six weeks and oral PEN in the
two years after starting the oral EEN period were evaluated.

Statistical analysis

Continuous variables were expressed as medians with ranges.
Discrete data were expressed as numbers and percentages.
The two groups were compared in terms of continuous vari-
ables by using the Mann-Whitney U test and in terms of the
categorical variables by using the Fisher’s exact test or chi-
square test. The cumulative proportion of patients who main-
tained remission was calculated by using the Kaplan-Meier
method. Differences between Kaplan-Meier curves were com-
pared using a log-rank test.

RESULTS

Ability of EEN to induce remission and identification
of factors contributing to failure

In total, 66 patients started the six weeks EEN induction course
and 61 (92%) completed it. Because of poor taste of formula
and consistent nausea, five patients couldn’t continue EEN
after two weeks from initiation. Sixty one patients were com-
pliant with the six weeks induction EEN course, and 58 (95%)
achieved clinical remission. When treatment outcome was
based on all initiated courses of EEN, 58 of the 66 patients
(88%) achieved clinical remission. Clinical remission was
achieved with EEN on average 26 days (range: 5-85 days) after
starting induction EEN.

Table 1 shows the baseline characteristics of the patients
who did (n=58) and did not (n=8) achieve clinical remission.
Patients with inflammatory disease behavior (B1) had a sig-
nificantly higher clinical remission rate than patients with
stricturing disease behavior (B2) (93.1% vs. 62.5%, p=0.033).
The median PCDAI score at diagnosis was not different be-
tween two groups (35.3 vs. 35.9, p=0.692).

Ability of PEN to maintain remission
and identification of factors contributing to failure
All of the 58 patients who achieved clinical remission received
maintenance treatment with PEN. Of these, 43 (74%) adhered
to the PEN treatment. Among the 43 PEN-compliant patients,
32 (73%) maintained clinical remission. When treatment out-
come was based on all maintained courses of PEN, 32 of the 58
patients (55%) maintained it. Maintenance treatment with PEN
was continued on average for 16 months (range: 3-60 months).
Table 2 shows the baseline characteristics of the patients
who did (n=32) and did not (n=26) maintain clinical remission
with PEN. Differing from EEN treatment, the median PCDAI
score at diagnosis was significantly higher in maintenance
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failure group with PEN (42.2 vs. 32.9, p=0.040).

Of the 58 patients who achieved remission and underwent
PEN, 27 and 13 continued PEN for more than 1 and 2 years, re-
spectively. About 67% and 52% of these patients maintained
clinical remission 1 and 2 years after starting PEN, respectively
(Fig. 1, lower curve). When treatment outcome was based on
PEN-compliant patients, 86% and 78% of the adherent pa-
tients maintained clinical remission 1 and 2 years after start-
ing PEN, respectively (Fig. 1, upper curve).

Adherence to oral enteral nutrition

In total, 5 and 15 patients did not adhere to oral induction EEN
and oral maintenance PEN, respectively. Thus, in total, 20 of
the 66 patients (30%) did not adhere to EEN or PEN. Compari-
son of the adherent and non-adherent children revealed that
non-adherent children were more likely to be female than the
adherent children (58.3% vs. 24%, p=0.019). The median PC-
DAI score at diagnosis was not different between two groups
(39.2vs. 33.7, p=0.154).

DISCUSSION

This retrospective study showed that in the adherent patients,
oral EEN induced clinical remission in about 95% and oral
PEN cumulatively maintained remission in about 78% during
an average follow-up period of two years.

Several studies have shown that EEN therapy is useful for
children with CD. A review of five RCTs in 2000 showed that
EEN was as effective as corticosteroids in terms of inducing
remission in children; moreover, it improved growth and de-
velopment. These effects were achieved without the side ef-
fects of steroid therapy.” A subsequent RCT in 2006 by Berni
Canani, et al.” also showed that EEN yielded clinical remission
rates similar to steroid treatment; it also had more pronounced
effect on mucosal healing and associated with more sustained
remission. However, given the lack of guidelines regarding the
route of ingestion and the type of formulas during this period,
the centers participating in these RCT used quite different
methods and types of formula. Thus, it remains unclear at
present whether one method is superior to the others.

Non-adherence with enteral nutrition can occur frequently
in children and may limit the success of treatment. Indeed, our
study found that 5 of 66 and 15 of 58 of our pediatric patients
were not adherent to induction EEN and maintenance PEN,
respectively. Several other studies report non-adherence rates
of 0-40%.?*** Adherence rates may be influenced by race since
the Dutch study by de Bie, et al.** found that non-adherence
was high in children from non-Dutch parents. They also
showed that older children and females were particularly
likely to be non-adherent. Similarly, we observed that female
gender associated with non-adherence (p=0.019). They also
found that patients taking hyperosmolar sip feeds were less
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adherent than children receiving continuous polymeric for-
mula via a nasogastric tube. However, Rubio, et al.*® found
that children receiving fractionated oral EEN were as adher-
ent as children receiving continuous EEN and had similar re-
mission rates.

Adherence to enteric feeding therapy in children may also
be hampered by the use of a nasogastric tube to deliver the
formula as most children are afraid of tube feeding. As a re-
sult, the newly revised consensus guidelines of ECCO recom-
mend that feeds should be given orally by using a whole pro-
tein formula." While the expense and poor palatability of
enteral nutrition could still hinder adherence, this problem
could be overcome by using polymeric formula, which is sig-
nificantly less expensive and more palatable than elemental
formula, and two RCTs showed that it has similar efficacy.?**
Financial governmental support could also improve adher-
ence: in our country, the national insurance system pays half
of the price if patients choose oral elemental formula.

A systematic review has shown that disease location can af-
fect the efficacy of EEN.* For example, Afzal, et al.* showed

Efficacy of Enteral Nutrition in Crohn’s Disease

that isolated colonic disease does not respond to EEN as much
as ileocolonic or ileal disease. Conflicting data regarding effi-
cacy of EEN on perianal disease have been also reported.
Wong, et al.** showed significant improvement in symptoms,
PCDAI, and mucosal healing in three CD patients with peri-
anal disease who were managed with EEN. However, we did
not detect an association between disease location and treat-
ment outcome. Instead, we observed that disease behavior
influenced EEN success. Compared to patients who achieved
remission, patients who did not achieve remission were more
likely to have stricturing behavior disease (B2) and less likely
to have inflammatory behavior disease (B1).

A systematic review in 2010 of ten studies suggested that
PEN as maintenance therapy may be useful for maintaining
remission; however, it was also noted that the level of evidence
for this notion was not high.** Moreover, there are only a few
studies on the effect of maintenance therapy in children with
CD.'*16 Similar to these studies, we found that children who
achieved remission with EEN were likely to maintain remis-
sion if they continued with maintenance therapy with PEN.

Table 1. Baseline Characteristics of the 66 Children with Crohn’s Disease Who Did and Did Not Achieve Remission with Six Weeks Oral Exclusive En-

teral Nutrition Treatment

Characteristics Total (n=66) Induction success (n=58) Induction failure (n=8) pvalue

Gender, male/female 54/12 (81.8) 49/9 (84.5) 5/3(62.5) 0.152
Age, yrs (range) 13(10-17) 13 (10-16) 14 (12-17) 0.134
Disease location at diagnosis 0.687

L1 (distal 1/3=xileum limited cecal disease) 6(9.1) 5(8.6) 1(12.5)

L2 (isolated colonic disease) 8(12.1) 8(13.8) 0(0.0)

L3 (ileacolonic disease) 51(77.3) 44.(75.9) 7(87.5)
Upper Gl involvement at diagnosis 0.323

Presence 31(47.0) 28 (48.2) 3(37.5)

Absence 35(53.0) 30(51.8) 5(62.5)
Disease behavior at diagnosis 0.033

B1 (inflammatory) 59(89.4) 54(93.1) 5(62.5)

B2 (stricturing) 7(10.6) 4(6.9) 3(37.5)

B3 (penetrating) 0(0.0) 0(0.0) 0(0.0)

P 44.(66.7) 40 (69.0) 4(50.0) 0.425
Growth delay 0.296

G1 (presence) 50(75.8) 43(74.1) 7(87.5)

(0 (absence) 16 (24.2) 15(25.9) 1(12.5)
Type of formula 0.702

High fat formula 57 (86.4) 50(86.2) 7(87.5)

Low fat formula 9(13.6) 8(13.8) 1(12.5)
PCDAI at diagnosis 35.3+14.7 35.9+13.0 0.692
HAZ at diagnosis 0.10+1.12 -0.4+0.79 0.195
WHZ at diagnosis -0.6+1.54 -1.4+1.60 0.107
BMIZ at diagnosis -1.0£1.74 -1.3+£1.59 0.568
CRP at diagnosis 2.9+256 3.9+2.05 0.223
Albumin at diagnosis 3.1£0.57 2.8+0.78 0.395

SD, standard deviation; Gl, gastrointestinal; P. perianal disease; PCDAI, Pediatric Crohn's Disease Activity Index; HAZ, height-for-age Z-score; WHZ, weight-for-

height Z-score; BMIZ, body mass index Z-score; CRP, C-reactive protein.
Data are presented as mean=SD or number (%).
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However, our study differed from the preceding studies in that
all of our patients received enteral nutrition orally; by contrast,
the preceding studies administered the feeding by nasogastric
tube only or by a mixture of nasogastric tube and oral feeding.
Prospective study by Kang, et al.® reported that short-term PEN
was effective in simultaneously improving nutritional status
and disease severity in severe CD. In this study, however, the
therapeutic effect of PEN was limited in severe CD patients.
More aggressive or combined treatment with other medica-
tions may be needed in these patients.

How induction EEN and maintenance PEN induced and
maintained remission, respectively, in this study, is not clear.
Several hypotheses have been proposed, including the possi-
bility that the low-fat content and poor antigenicity of the for-
mula quiet the inflammation that drives CD. This is supported
by the prospective study of Yamamoto, et al.? This study con-
sisted of 40 patients with quiescent CD, half of whom received
nighttime enteral nutrition and a low-fat diet during the day-
time; the remaining patients did not receive enteral nutrition
or diet restrictions. After 12 months, the enteral nutrition group

YMJ

had much lower endoscopic inflammation scores and signifi-
cantly lower mucosal tissue levels of interleukin (IL)-1beta, IL-
6, and tumor necrosis factor-alpha, which are suspected to
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Fig. 1. Clinical remission rate over time of patients (upper curve: partial
enteral nutrition-compliant patients, lower curve: all patients) treated with
oral induction and maintenance enteral nutrition.

Table 2. Baseline Characteristics of the 58 Children with Crohn’s Disease Who Did and Did Not Maintain Remission with Oral Partial Enteral Nutrition

Treatment During Follow-Up

Characteristics Maintenance success group (n=32) Maintenance failure group (n=26) pvalue

Gender, male/female 29/3(90.6) 20/6(76.9) 0.143
Age, yrs (range) 13 (10-16) 13 (10-16) 0.161
Disease location at diagnosis 0.692

L1 (distal 1/3%ileum limited cecal disease) 3(9.4) 2(7.7)

L2 (isolated colonic disease) 5(15.6) 3(11.5)

L3 (ileacolonic disease) 24.(75.0) 20(76.9)
Upper Gl location at diagnosis 0.241

Presence 14 (43.7) 14 (53.8)

Absence 18 (56.3) 12 (46.2)
Disease behavior at diagnosis 0.389

B1 (inflammatory) 29(90.6) 25(96.2)

B2 (structuring) 3(9.4) 1(3.8)

B3 (penetrating) 0(0.0) 0(0.0)

P 20 (62.5) 20(76.9) 0.186
Growth delay 0.474

G1 (presence) 22 (68.8) 21(80.7)

(0 (absence) 10(31.2) 5(19.3)
Type of formula 0.121

High fat formula 30(93.8) 20(76.9)

Low fat formula 2(6.3) 6(23.1)
PCDAI at diagnosis 32.9+15.19 42.2+11.42 0.040
HAZ at diagnosis 0.2+1.14 -0.1+1.08 0.084
WHZ at diagnosis -0.3+£1.07 -1.0£1.93 0.200
BMIZ at diagnosis -0.7£1.29 -1.4£2.14 0.217
CRP at diagnosis 2.9+2.95 3.9+2.07 0.703
Albumin at diagnosis 3.2+0.65 2.9+0.45 0.289

SD, standard deviation; Gl, gastrointestinal; P. perianal disease; PCDAI, Pediatric Crohn's Disease Activity Index; HAZ, height-for-age Z-score; WHZ, weight-for-

height Z-score; BMIZ, body mass index Z-score; CRP, C-reactive protein.

Data are presented as mean=SD or number (%).
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play critical roles in modulating and exacerbating intestinal
immune reaction.** However, double blind randomized study
by Leiper, et al.*® showed no difference in the response of ac-
tive CD to whole protein feeds that have a high content of long
chain triglyceride (30% vs. 5%). In our study, although the num-
ber of patients who had low fat formula was small, any signifi-
cant difference in treatment success was not shown between
two groups.

Another possible mechanism underlying the effect of EEN
and PEN in CD is that the enteric feeding alters the bacterial
flora in the intestines. There is considerable evidence that sug-
gests that the intestinal microflora contributes to the patho-
genesis of CD.* When Lionetti, et al.* analyzed the biodiversity
of the fecal microflora of children with CD by 16S rRNA poly-
merase chain reaction, they found that patients treated with 8
week EEN, followed by maintenance PEN, exhibited profound
modification of the fecal microflora after both EEN and PEN.

This study has several limitations. First, it only involved a sin-
gle center. Second, it was retrospective, and the patients were
therefore not randomized. Third, the follow-up period was rela-
tively short. Fourth, remission was evaluated by only measur-
ing PCDAL To assess the true efficacy of enteral nutrition, both
clinical activity and intestinal (mucosal) inflammation should
be assessed. Fifth, a control group to assess the efficacy of PEN
was not employed. Nevertheless, this is the first study to eval-
uate the efficacy of and adherence to oral induction EEN and
oral maintenance PEN in an Asian pediatric population. While
it suggested that PEN prolongs remission and reduces relapse
rates, well-designed prospective studies that test the effect of
long-term enteral nutrition are warranted. Adherence issues
should also be considered to improve treatment success.

In conclusion, oral EEN and PEN effectively induced and
maintained remission in pediatric CD, respectively. Differing
from EEN, therapeutic effect with PEN could be decreased in
severe CD patients. Non-adherence was a limiting factor in the
success of therapy.

REFERENCES

1. Puntis J, McNeish AS, Allan RN. Long term prognosis of Crohn’s
disease with onset in childhood and adolescence. Gut 1984;25:329-
36.

2. Turunen P, Ashorn M, Auvinen A, Iltanen S, Huhtala H, Kolho KL.
Long-term health outcomes in pediatric inflammatory bowel dis-
ease: a population-based study. Inflamm Bowel Dis 2009;15:56-62.

3. Yamamoto T, Nakahigashi M, Saniabadi AR, Iwata T, Maruyama Y,
Umegae S, et al. Impacts of long-term enteral nutrition on clinical
and endoscopic disease activities and mucosal cytokines during
remission in patients with Crohn’s disease: a prospective study.
Inflamm Bowel Dis 2007;13:1493-501.

4. Lichtenstein GR, Yan S, Bala M, Hanauer S. Remission in patients
with Crohn’s disease is associated with improvement in employ-
ment and quality of life and a decrease in hospitalizations and sur-
geries. Am ] Gastroenterol 2004;99:91-6.

5. Berni Canani R, Terrin G, Borrelli O, Romano MT, Manguso E Coru-

1190

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Efficacy of Enteral Nutrition in Crohn’s Disease

7z0 A, et al. Short- and long-term therapeutic efficacy of nutritional
therapy and corticosteroids in paediatric Crohn’s disease. Dig Liver
Dis 2006;38:381-7.

. Lochs H, Dejong C, Hammarqvist E Hebuterne X, Leon-Sanz M,

Schiitz T, et al. ESPEN Guidelines on Enteral Nutrition: Gastroen-
terology. Clin Nutr 2006;25:260-74.

. Heuschkel RB, Menache CC, Megerian JT, Baird AE. Enteral nutri-

tion and corticosteroids in the treatment of acute Crohn’s disease
in children. ] Pediatr Gastroenterol Nutr 2000;31:8-15.

. Kang Y, Kim S, Kim SY, Koh H. Effect of short-term partial enteral

nutrition on the treatment of younger patients with severe Crohn’s
disease. Gut Liver 2015;9:87-93.

. Day AS, Whitten KE, Lemberg DA, Clarkson C, Vitug-Sales M, Jack-

son R, et al. Exclusive enteral feeding as primary therapy for Crohn’s
disease in Australian children and adolescents: a feasible and ef-
fective approach. ] Gastroenterol Hepatol 2006;21:1609-14.
Grafors JM, Casswall TH. Exclusive enteral nutrition in the treat-
ment of children with Crohn’s disease in Sweden: a questionnaire
survey. Acta Paediatr 2011;100:1018-22.

Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher JC,
et al. Consensus guidelines of ECCO/ESPGHAN on the medical
management of pediatric Crohn’s disease. ] Crohns Colitis 2014;8:
1179-207.

Gonzalez-Huix F, de Ledn R, Fernandez-Banares F, Esteve M, Ca-
bré E, Acero D, et al. Polymeric enteral diets as primary treatment
of active Crohn’s disease: a prospective steroid controlled trial. Gut
1993;34:778-82.

Gassull MA, Ferndndez-Banares E Cabré E, Papo M, Giaffer MH,
Sanchez-Lombrana JL, et al. Fat composition may be a clue to ex-
plain the primary therapeutic effect of enteral nutrition in Crohn’s
disease: results of a double blind randomised multicentre Europe-
an trial. Gut 2002;51:164-8.

Duncan H, Buchanan E, Cardigan T, Garrick V, Curtis L, McGrogan
P, et al. A retrospective study showing maintenance treatment op-
tions for paediatric CD in the first year following diagnosis after in-
duction of remission with EEN: supplemental enteral nutrition is
better than nothing! BMC Gastroenterol 2014;14:50.

Belli DC, Seidman E, Bouthillier L, Weber AM, Roy CC, Pletincx M,
et al. Chronic intermittent elemental diet improves growth failure
in children with Crohn'’s disease. Gastroenterology 1988;94:603-10.
Wilschanski M, Sherman P, Pencharz P, Davis L, Corey M, Griffiths
A. Supplementary enteral nutrition maintains remission in pae-
diatric Crohn’s disease. Gut 1996;38:543-8.

Takagi S, Utsunomiya K, Kuriyama S, Yokoyama H, Takahashi S,
Iwabuchi M, et al. Effectiveness of an ‘half elemental diet’ as main-
tenance therapy for Crohn’s disease: a randomized-controlled trial.
Aliment Pharmacol Ther 2006;24:1333-40.

Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder
L, et al. ESPGHAN revised porto criteria for the diagnosis of in-
flammatory bowel disease in children and adolescents. ] Pediatr
Gastroenterol Nutr 2014;58:795-806.

Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, Russell
RK, et al. Pediatric modification of the Montreal classification for
inflammatory bowel disease: the Paris classification. Inflamm
Bowel Dis 2011;17:1314-21.

Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort PM, Kirschner
BS, et al. Development and validation of a pediatric Crohn’s dis-
ease activity index. ] Pediatr Gastroenterol Nutr 1991;12:439-47.
Turner D, Griffiths AM, Walters TD, Seah T, Markowitz J, Pfeffer-
korn M, et al. Appraisal of the pediatric Crohn’s disease activity in-
dex on four prospectively collected datasets: recommended cutoff
values and clinimetric properties. Am J Gastroenterol 2010;105:
2085-92.

http://dx.doi.org/10.3349/ym;.2016.57.5.1185



Hyun Jin Kim, et al.

22.

23.

24,

25.

26.

27.

28.

Malchow H, Steinhardt HJ, Lorenz-Meyer H, Strohm WD, Rasmus-
sen S, Sommer H, et al. Feasibility and effectiveness of a defined-
formula diet regimen in treating active Crohn'’s disease. European
Cooperative Crohn'’s Disease Study III. Scand J Gastroenterol 1990;
25:235-44.

Zoli G, Care M, Parazza M, Spano C, Biagi PL, Bernardi M, etal. A
randomized controlled study comparing elemental diet and ste-
roid treatment in Crohn’s disease. Aliment Pharmacol Ther 1997;
11:735-40.

de Bie C, Kindermann A, Escher J. Use of exclusive enteral nutrition
in paediatric Crohn’s disease in The Netherlands. ] Crohns Colitis
2013;7:263-70.

Rubio A, Pigneur B, Garnier-Lengliné H, Talbotec C, Schmitz J, Can-
ioni D, et al. The efficacy of exclusive nutritional therapy in paedi-
atric Crohn’s disease, comparing fractionated oral vs. continuous
enteral feeding. Aliment Pharmacol Ther 2011;33:1332-9.
Kobayashi K, Katsumata T, Yokoyama K, Takahashi H, Igarashi M,
Saigenji K. [A randomized controlled study of total parenteral nu-
trition and enteral nutrition by elemental and polymeric diet as
primary therapy in active phase of Crohn'’s disease]. Nihon Shokak-
ibyo Gakkai Zasshi 1998;95:1212-21.

Ludvigsson JE Krantz M, Bodin L, Stenhammar L, Lindquist B. Ele-
mental versus polymeric enteral nutrition in paediatric Crohn’s
disease: a multicentre randomized controlled trial. Acta Paediatr
2004;93:327-35.

Day AS, Whitten KE, Sidler M, Lemberg DA. Systematic review: nu-

http://dx.doi.org/10.3349/ymj.2016.57.5.1185

29.

30.

31.

32.

33.

34.

35.

YMJ

tritional therapy in paediatric Crohn’s disease. Aliment Pharma-
col Ther 2008;27:293-307.

Afzal NA, Davies S, Paintin M, Arnaud-Battandier E Walker-Smith
JA, Murch §, et al. Colonic Crohn’s disease in children does not re-
spond well to treatment with enteral nutrition if the ileum is not in-
volved. Dig Dis Sci 2005;50:1471-5.

Wong S, Lemberg DA, Day AS. Exclusive enteral nutrition in the
management of perianal Crohn’s disease in children. ] Dig Dis 2010;
11:185-8.

Yamamoto T, Nakahigashi M, Umegae S, Matsumoto K. Enteral
nutrition for the maintenance of remission in Crohn’s disease: a
systematic review. Eur ] Gastroenterol Hepatol 2010;22:1-8.

Sartor RB. Mechanisms of disease: pathogenesis of Crohn’s disease
and ulcerative colitis. Nat Clin Pract Gastroenterol Hepatol 2006;3:
390-407.

Leiper K, Woolner J, Mullan MM, Parker T, van der Vliet M, Fear S,
et al. A randomised controlled trial of high versus low long chain
triglyceride whole protein feed in active Crohn’s disease. Gut 2001;
49:790-4.

Sartor RB. Therapeutic manipulation of the enteric microflora in
inflammatory bowel diseases: antibiotics, probiotics, and prebiot-
ics. Gastroenterology 2004;126:1620-33.

Lionetti P, Callegari ML, Ferrari S, Cavicchi MC, Pozzi E, de Martino
M, et al. Enteral nutrition and microflora in pediatric Crohn’s dis-
ease. JPEN J Parenter Enteral Nutr 2005;29(4 Suppl):S173-5.

1191





