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ABSTRACT
Background Exclusive enteral nutrition (EEN) is a 
potentially effective but underused therapy for Crohn’s 
disease (CD) in adults. It is first- line induction treatment 
for paediatric patients but remains a second- line or third- 
line therapy in adults.
Objective To analyse the evidence for EEN in adult 
patients with CD, and summarise this in a narrative review.
Methods In April/May 2020 and July 2021, a literature 
search was performed using the Medical Subject Headings 
(MeSH) terms: ‘Crohn’s disease’, ‘CD’, ‘inflammatory 
bowel disease’, ‘IBD’, ‘exclusive enteral nutrition’, ‘enteral 
nutrition’, ‘EEN’, in PubMed, Scopus, Cochrane. Additional 
studies were obtained from references of search result 
articles as well as general reading. Studies with adult 
patients with CD treated with EEN were selected. 79 
articles of relevance were found. Where data in adults 
were lacking, data from paediatric studies as extrapolated 
with care.
Results EEN in adult patients been shown to improve 
clinical, biomarker, endoscopic and radiologic measures 
of disease activity. EEN avoids the potential adverse 
effects of recurrent corticosteroids for induction such as 
metabolic derangements and opportunistic infections. 
EEN has also demonstrated benefits among adult patients 
with fistulising and stricturing CD. It may avoid surgery 
in such patients. Preoperative EEN has also been shown 
to reduce postoperative complications and recurrence. 
There appears to be benefits in combing EEN with 
antitumour necrosis factor agents, however, benefits of 
combination therapy with other biologics are less clear. 
A major drawback of EEN therapy in adults has been 
poor compliance. More palatable polymeric formulations 
improved patient education and dietitian support may 
overcome this. Evidence in adults is limited to small 
studies, often with suboptimal control arms and lack of 
blinding. Larger scale studies with improved study design 
are needed to confirm these beneficial effects.
Conclusion Despite limitations in evidence EEN should be 
considered in treating adults with CD.

INTRODUCTION
Crohn’s disease (CD) is a chronic autoin-
flammatory disease of the gastrointestinal 
tract, caused by a complex interplay between 
genetic, gut microbiota and environmental 
factors.1 2 CD has a worldwide prevalence of 
3–20 per 100 000 people with highest preva-
lence recorded in North America, Europe, 

Australia and New Zealand.2 3 Incidence is 
rising in Asia and South America.1 Peaks in 
occurrence are among teenagers, those in 
their 20–30 s and those in their 50s.2

Current management of CD centres 
around inducing and maintaining remis-
sion.4 The European Crohn’s and Colitis and 
the European Society for Paediatric Gastro-
enterology Hepatology and Nutrition guide-
lines recommend exclusive enteral therapy 
(exclusive enteral nutrition, EEN) as first- 
line induction treatment for CD affecting 
children.5 EEN provides all of the patient’s 
nutritional requirements via premixed 
formulation given orally or via a nasogastric 
tube (NGT).6 EEN has similar or better clin-
ical remission rates than corticosteroids in 
children, and also higher rates of endoscopic 
and histological remission.7–9 EEN also over-
comes the negative effects of corticosteroids 
on bone mineral density, development and 
height attainment.10 11

In contrast, adults with CD are usually 
given corticosteroids as a more convenient 
first- line induction treatment in a classic 
step- up approach. Many also practice a top- 
down approach, with early administration 
of biologics, such as infliximab or adalim-
umab, for induction of remission. The latest 
European Society for Clinical Nutrition and 
Metabolism guidelines recommend EEN 
in adults when steroids are not tolerated or 
contraindicated, in contrast to their first- line 
recommendation in children.12 Although 
effective in inducing clinical remission, long- 
term exposure to corticosteroids has poten-
tial adverse effects including diabetes, adrenal 
suppression, opportunistic infections and 
osteoporosis.13 EEN induction can overcome 
these issues however its uptake in management 
of adult CD varies around the world. Gastro-
intestinal Societies in UK and Australia have 
suggested that EEN may be considered in adult 
patients with CD where corticosteroid avoid-
ance is sought.14 15 This review will examine the 
evidence for EEN therapy in management of 
adult patients with CD.
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LITERATURE SEARCH
PubMed, Cochrane and Scorpius databases were searched 
to avoid missing significant studies for this narrative review. 
The literature search was performed in May/April 2020 
and July 2021 using the Medical Subject Heading (MeSH) 
terms ‘Crohn’s disease’, ‘CD’, ‘inflammatory bowel 
disease’, ‘IBD’, ‘exclusive enteral nutrition’, ‘EEN’ and 
‘enteral nutrition’. Papers reporting on studies or system-
atic reviews, where EEN was part of an intervention, and 
the study population were adult patients with CD, were 
selected. Studies published in languages other than English 
were excluded. Studies in paediatric populations were 
excluded, except when data in adults were insufficient. If 
evidence was extrapolated from paediatric to adult popula-
tions, limitations of this was acknowledged. Further articles 
were obtained from the references of searched articles and 
general reading. Overall, 79 studies were identified (online 
supplemental file 1).

Proposed mechanism of action of EEN
EEN improves outcomes in CD likely via nutritional 
repletion as well as direct and indirect anti- inflammatory 
effects (figure 1). There is potentially an interplay 
between nutritional status and active mucosal inflamma-
tion where improvements in one benefit the other. EENs 
influence on the gut microbiota may further reduce 
disease activity.16

Improvement in nutritional deficiencies
Nutritional deficiencies are found in 20%–85% of 
patients with CD.17 Mechanism may involve poor feeding 

habits, hypercatabolism from inflammation, malabsorp-
tion and side effects from treatment. Vitamin D deficiency 
can result in osteomalacia in children and osteopenia in 
adults.18 Stress fractures have been noted to occur in 22% 
of patients with CD.19 Risk factors for malnutrition in CD 
includes fistulising disease and bowel surgery.18 Among 
inflammatory bowel disease (IBD) inpatients, malnutri-
tion is associated with increased in- hospital mortality and 
length of stay.20

EEN improves nutritional parameters. A retrospec-
tive study examining elemental EEN prior to surgery 
found that 12/13 patients had weight gain and positive 
nitrogen balance.21 A retrospective observational study 
in adolescent patients demonstrated significantly greater 
weight gain with NGT administered EEN (median 9.2 kg) 
compared with oral EEN (median 1.3 kg).22 Poor compli-
ance with oral EEN may have contributed to these find-
ings. A retrospective paediatric study found that EEN 
compared with corticosteroid significantly reduced linear 
growth failure and dependency on corticosteroids.23 EEN 
may correct nutritional deficiencies through reducing 
inflammation- driven catabolism and promoting mucosal 
healing to improve nutrient absorption. Use of EEN 
also avoids corticosteroids which have negative effects 
on nutrition including fat gain, sarcopenia and osteo-
malacia. These nutritional studies have not been repli-
cated in adult populations. Although EEN is also likely to 
improve weight and bone mineral density in adults, this 
needs to be further tested.

Figure 1 Mechanism showing the proposed effects of EEN. EEN improves outcomes in Crohn’s disease patients by 
potentially: (1) reducing antigens in whole foods and/ or direct anti- inflammatory effects,34–38 (2) improving micronutrient and 
macronutrient deficiencies22–28 and (3) correcting gut microbiota disturbances.29–31 EEN, exclusive enteral nutrition.
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Microbiota changes
Dysbiosis is implicated in the pathogenesis of IBD.24 
Dysbiosis refers to an imbalance in the gut microbiota 
with reduced biodiversity and altered prevalence of 
certain bacterial species. Imbalances in Bacteroidetes, 
Firmicutes, Actinobacteria and Proteobacteria have been 
implicated in IBD pathogenesis and disease activity. In 
addition, several pathogenic species have been associated 
with development of CD, including Campylobacter, Escheri-
chia, Helicobacter and Mycobacterium.25

As diet is a major influence on gut microbiome compo-
sition, EEN is expected to alter it. A prospective cohort 
study compared the changes in gut microbiota after 8 
weeks of EEN in six CD children, to temporal changes 
in the microbiome among healthy controls.26 After 8 
weeks, there was a far greater change in the composition 
of the microbiota among patients with CD treated with 
EEN than was seen in healthy controls. Large changes 
in the Bacteroides composition and stability of Clos-
tridium leptum correlated with decrease in the Paedi-
atric Crohn’s Disease Activity Index (CDAI). However, 
it is unclear which observed microbiota changes with 
EEN are the cause or the effect of reduced mucosal 
inflammation.

Two studies found that response to EEN is associated 
with changes in the microbiota that are distinct to micro-
biota changes observed in patients that enter remission 
without EEN.27 28 This suggests EEN may in part induce 
remission through modification of the gut microbiome. 
A reduction in certain bacterial species with EEN can 
remove some of the antigenic stimulus driving autoin-
flammation. This may explain the paradoxical observa-
tion of reduced microbial biodiversity associated with 
response to EEN. EEN response has also paradoxically 
been associated with relative reduction in bacteria that 
produce butyrate, a short chain fatty acid associated with 
gut health.29

Anti-inflammatory effects
EEN has several potential anti- inflammatory mecha-
nisms in CD. Exclusion of dietary factors that trigger and 
potentiate inflammation may be important.30 Further-
more, EEN may increase expression of tight junction 
proteins between epithelial cells, reversing the increased 
gut permeability seen in CD. Exclusion of antigen trig-
gers from reaching immune cells within the gut mucosa 
would reduce the inflammatory stimulus.31

EEN reduces systemic markers of inflammation.32–34 A 
prospective observational study on 32 CD adults found 
after 2 weeks of EEN, median Harvey- Bradshaw Index 
(HBI) fell from 5 to 3 points (p=0.003) and median 
serum C reactive protein (CRP) fell from 10 to 5 mg/L 
(p=0.005).34 Similarly, a retrospective study of paedi-
atric patients with CD found EEN resulted in reduc-
tion in mean CRP and increase in mean albumin and 
haemoglobin.32

EN formulations
EN formulations are divided into elemental or non- 
elemental. Elemental formulations contain free amino 
acids, and are generally less palatable.35 Non- element 
formulations are further subdivided in semielemental, 
containing short peptides from partially digested proteins 
and polymeric, containing undigested proteins. Non- 
elemental formulations are associated with better compli-
ance and cost effectiveness.36 37 A Cochrane meta- analysis 
of 11 randomised controlled trials (RCTs) comparing 
elemental to non- elemental EEN found similar clinical 
remission rates between the two groups.38 Subgroup 
analysis between elemental, semielemental and poly-
meric feeds, showed similar efficacy. Similarly, there was 
no difference in clinical remission rates between low 
fat- content (<20 g/1000 kCal) and high fat- content EN 
formulas. However, very low- fat content and very low 
long chain triglycerides EN formulas were associated with 
higher clinical remission rates than those with higher 
content.

The composition of EN formulations varies consid-
erably. A composition analysis of 61 EN formulations 
with evidence for efficacy in CD found many contained 
additives that are implicated in CD onset, including 
modified starches, carrageenan, carboxymethyl cellu-
lose and polysorbate 80.39 Clinical remission rates from 
RCTs in the latest Cochrane meta- analysis did not differ 
between studies utilising formulations with such additives 
compared with studies that did not contain such addi-
tives. Dietary interventions that have shown success may 
inform future EN formula development. However, the 
latest Cochrane review did not find compelling evidence 
for various diets for induction of remission in active CD.40

EEN as induction therapy for adult patients with CD
A Cochrane review found that potentially corticosteroids 
are more effective than EEN in adults for induction of 
clinical remission, but evidence was low quality (45% vs 
73%, RR 0.65, 95% CI 0.52 to 0.82).38 However, adverse 
effects of prolonged corticosteroids include osteoporosis, 
diabetes mellites, cataracts, depression and opportunistic 
infections.13

Beyond clinical remission, EEN has superior rates of 
endoscopic healing than corticosteroids, a more objec-
tive treatment endpoint. Mucosal healing improves long- 
term outcomes in CD beyond clinical remission alone, by 
reducing risk of clinical flares and need for surgery.41 42 A 
multicentre prospective study observed that endoscopic 
healing was achieved by 29% of patients with CD treated 
with prednisolone.43 In contrast, a prospective obser-
vational study found that 23/29 (73%) of patients on 
EEN achieved mucosal healing.44 Mucosal healing rates 
between infliximab (22%–60%) and short term EEN 
(33%–58%) were comparable. EEN appears highly 
effective in inducing mucosal healing in patients with 
CD. This study population was a mixture of adult and 
paediatric patients (average age 28.9 years). An RCT of 
paediatric patients found similar efficacy between EEN 
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and corticosteroids in inducing clinical remission.11 
However, EEN had higher rates of mucosal healing 
(74%) compared with corticosteroids (33%, p<0.05). 
However, this may make results appear more favourable 
when extrapolated to adult patients.

Findings of studies comparing EEN to corticosteroids 
in adult patients with CD have varied.6 34 A review of 
11 studies comparing EEN to corticosteroids in adult 
patients with CD, found clinical remission rates with EEN 
ranged from 8% to 100% (table 1).6 Participant numbers 
in the EEN arm of each study were usually small, ranging 
from 7 to 55. The EEN and control group protocol for 
each study differed and no meta- analysis was performed. 
Discrepancies between the two treatment options could 
be attributed to compliance issues.6 Lower clinical remis-
sion rates with EEN in certain studies could be explained 
by high rates of non- compliance with EEN. Studies with 
high rates of compliance had similar rates of clinical 
remission with EEN and corticosteroids. Exclusion of 
studies with high non- compliance, however, may intro-
duce selection bias similar to per- protocol analysis.

A meta- analysis by Schwab et al analysed results from 
571 patients on elemental, oligopeptide and polymeric 
EEN.45 Clinical remission rates were 60%, 55% and 66%, 
respectively, on an intention- to- treat basis, but on per- 
protocol analysis clinical remission rates were 73%, 70% 
and 67%, respectively, similar to rates with corticosteroids. 
Studies in both paediatric and adult populations were 

pooled together in this meta- analysis, potentially making 
these results appear more favourable when extrapolated 
to adults. A recent observational study of 31 adult patients 
with CD treated with EEN demonstrated a statistically 
significant fall in the baseline CDAI at weeks 4 and 8. 
However, almost two in three patients received steroids, 
immunomodulators and/or antitumour necrosis factor α 
(TNFα) biologics in addition to the EEN.46

A common limitation of the above RCTs is in lack of 
blinding of patients. The fact that EEN replaces whole 
food diet makes blinding difficult. A placebo to EEN is 
not possible as it is the replacement of regular diet which 
is key. This differs to drug therapy trials, where placebo 
control and blinding can be achieved relatively easily. 
Unfortunately, there is no practical means of improving 
on current trial designs to achieve blinding.

EEN should be considered for induction when corti-
costeroids or other therapies are contraindicated or not 
favoured by the patients. An observational study of 12 
female patients with CD who were pregnant or planning 
pregnancy, found that EEN was effective in inducing clin-
ical remission in 83%.47 Patients were intolerant of or 
had contraindications to corticosteroids, or preferred to 
trial EEN. This study was limited by small sample size and 
lack of control arm.

EEN retreatment may have reduced efficacy compared 
with first time use.14 A retrospective observational study 
in 52 paediatric patients with CD found higher clinical 

Table 1 Controlled trials comparing EEN and corticosteroids in adult patients with CD

Ref Year Country

No of 
participants

Remission 
criteria

% achieving 
remission (ITT)

P value

% achieving 
remission (PP) % EEN 

discontinued - 
unpalatableEEN CS EEN CS EEN CS

Engelman et al91 1993 England 7 4 HBI <6.0 100 100 NS 100 100 0

Gassull et al92 2002 Europe 20 19 VHAI <120 20 79 0.0005 27 79 25

Gassull et al92 2002 Europe 23 19 VHAI <120 52 79 NS 63 79 17

González- Huix et al93 1993 Spain 15 17 VHAI <120 8 88 NS 80 88 0

Gorard et al94 1993 England 22 20 HBI- remission 
not defined, 
mean<2

45 85 <0.05 91 89 41

Lindor et al95 1992 USA 9 10 CDAI 
decrease >100 
points

50 33 NS 60 63 33

Lochs et al96 1991 Europe 55 52 CDAI 
decrease >100 
points or >40%

53 79 <0.01 60 85 13

Malchow et al77 1990 Europe 51 44 CDAI 
decrease >100 
points or >40%

41 71 <0.05 71 91 39

Mantzaris et al97 1996 Greece 10 10 CDAI <150 or 
decrease >100 
points

40 70 NS 40 70 0

Okada et al98 1990 Japan 10 10 HBI <1 80 30 <0.01 80 30 0

O’Morain et al99 1984 England 11 10 HBI- remission 
not defined, 
mean <3

82 80 NS 100 100 18

Zoli et al100 1997 Italy 12 10 HBI <3 67 50 NS 80 60 8

Adapted from wall et al6

CDAI, Crohn’s Disease Activity Index; CS, corticosteroids; EEN, exclusive enteral nutrition; HBI, Harvey Bradshaw Index; ITT, intention to treat; NS, not significant; PP, per- protocol; 
VHAI, Van Hees Activity Index.
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remission rates with first compared with second course 
of EEN (92% vs 77%).48 The difference between the two 
groups failed to reach statistical significance potentially 
due to the study being underpowered. Prior treatment 
failure also selects for a more aggressive disease pheno-
type. It is uncertain if this observation is true for adults 
and further studies are needed.

Fistulising and structuring complications of CD cause 
significant morbidity. EEN appears highly effective in 
fistulising and structuring CD in adults. In an observa-
tional study of 48 adult patients with CD with enterocuta-
neous fistulas treated with EEN, 63% achieved successful 
closure.49 Lower CRP and higher body mass index (BMI) 
predicted for closure. Similarly, EEN achieved high rates 
of remission (94%) and fistula closure (72%) in another 
Japanese observational study.50 In a prospective obser-
vational study of 59 adult patients with CD with inflam-
matory small bowel strictures, on intention- to- treat 
analysis EEN achieved symptomatic remission in 81.4%, 
radiologic remission in 53.8% and clinical remission in 
64.6%.51 A prospective uncontrolled cohort study of 41 
adult patients with CD with fistula, abscess or stricture 
formation treated with EEN found significant reduction 
in the CDAI (223.43±65.5 vs 106.77±42.73, p≤0.001), with 
80.5% achieving full clinical remission. Closure of entero-
cutaneous fistulas was achieved in 75%, intra- abdominal 
abscess resolved in 76% and 47% achieved mucosal 
healing. However, those with abscesses did receive antibi-
otics with or without percutaneous drainage.52

EEN in perioperative patients with CD
Some 30% of patients with CD would need surgery within 
5 years of diagnosis and 80% would need surgery within 
20 years of diagnosis.4 Corticosteroids have limited effi-
cacy in stricturing and penetrative CD and surgery is 
often required.53 High- dose corticosteroid use presur-
gery is associated with perioperative infection and anas-
tomotic breakdown.54

EEN has demonstrated efficacy in perioperative adult 
patients with CD. A meta- analysis of two prospective 
cohort studies found a significantly reduction in post-
operative complications between those receiving preop-
erative- EEN (21.9%), and those that did not (73.2%, 
p<0.001). The vast majority of the 831 patients in these 
pooled studies were adults. The number needed to treat 
was only 2, suggesting EEN was a highly effective inter-
vention.55–57 However, both studies were conducted in 
Jinling hospital, China, with significant temporal overlap 
and likely many patients were represented in both 
studies. Although both studies found a benefit of preop-
erative EEN, performing a meta- analysis may not be 
appropriate. Most participants in these studies (>90%) 
underwent open rather than laparoscopic surgery. This 
differs from Western practice; thus, caution should be 
exercised in extrapolation of benefit to Western coun-
tries. However, preoperative EEN has proven beneficial 
even with laparoscopic CD surgery. A cohort study of 
120 adult patients with CD found that 4 weeks of EEN 

prelaparoscopic surgery improved albumin, haemo-
globin and CRP presurgery, and also reduced postopera-
tive complications (p<0.05).58

EEN for fistulising and structuring disease may avoid 
surgery. In a retrospective cohort study of 51 adult 
patients treated with EEN prior to surgery, 25% avoided 
surgery altogether.59 A lack of prior EEN optimisation 
was associated with a ninefold increase in postoperative 
complications such as abscess formation and anasto-
motic leaks (p=0.04). Despite this promising result, the 
relatively small study cohort was from a single centre. 
A cohort study found that EN in adult patients with CD 
with an intra- abdominal abscess had a reduced need for 
surgery (26.1% vs 56.3%, p=0.01).60 Multivariate anal-
ysis found EN to be an independent protective factor 
for requiring surgery. A recent Australian observational 
study found that among patients with fistulising and/
or structuring CD receiving EEN, a greater proportion 
in the group that completed at least 6 weeks of EEN 
avoided surgery (100%) compared with those that did 
not complete the minimum of 6 weeks therapy (43%, 
p=0.02).61 Larger controlled trials with long- term data, 
however, are needed to confirm these findings.

Malnutrition presurgery increases risk of complica-
tions, and EEN can benefit this subset of patients. A 
small non- randomised prospective trial administering 
preoperative EEN to 10 malnourished adult patients 
with CD (defined as at least one of: BMI <18.5 kg/m2, 
serum albumin <3 g/dL or weight loss >10%). This 
significantly improved clinical disease activity, CRP and 
albumin, and avoided surgery in two patients. Despite 
the intervention population being malnourished, post-
operative complications and 6- month recurrence rates 
were similar to five nutritionally replete patients who 
went to immediate surgery.16 Similarly, a prospective 
trial compared outcomes between high- risk patients 
who underwent EEN presurgery with a polymeric diet 
enriched with transforming growth factor- beta 2, to low- 
risk patients who proceeded to direct surgery.62 High- 
risk patients were those with any one of the following: 
presence of obstructive symptoms, steroid treatment, 
preoperative weight loss >10% and perforating CD. 
Postoperative complication rates were similar between 
the high- risk and low- risk patients (8/35 (23.8%) vs 
5/21 (22.9%), p=1). EEN presurgery may be of greatest 
benefit among malnourished or high- risk patients, 
improving outcomes to a similar level as nourished or 
lower- risk patients.

Finally, EEN may reduce postoperative recurrence. A 
retrospective study of adult patients with CD found that 
EEN for 4 weeks presurgery reduced infectious and non- 
infectious complications, as well as recurrence rates at 
6 months but not at 2 years.63 Cohort studies have also 
found that postoperative EN may further reduce clinical 
and endoscopic recurrence postsurgery among adult 
patients with CD.64–66
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EN as maintenance therapy
On successful induction with EEN, several studies have 
demonstrated benefits of longer- term maintenance with 
cyclical or intermittent EN. Nocturnal EN in paediatric 
patients administered via NGT prolongs the remission 
period. A recent French study in paediatric patients 
found that on successful induction of clinical remission 
with EEN, intermittent EEN for 2 weeks, every 8 weeks, 
in absence of immunomodulators or biologics, main-
tained remission compared with patients on free diet 
with EN supplementation (25% of calories) (HR 0.48, 
p=0.0051).67 Also mucosal healing was achieved by 52% 
of intermittent EEN patients at 12 months. This mainte-
nance strategy, however, was not compared with immuno-
modulator/biological maintenance, which most centres 
practice. Similar studies in adults are lacking.

Partial EN (PEN) involves supplying at least half of a 
patient’s caloric intake in the form of EN with the rest of 
the caloric intake from a whole food diet. The distinction 
between PEN and nutritious supplementation is some-
what blurred. Paediatric studies have found PEN to be 
effective at maintaining clinical remission.68 69 PEN has 
also been demonstrated to maintain remission among 
adult patients with CD. A meta- analysis of nine studies 
found that PEN was associated with higher rates of clinical 
remission compared with unrestricted diet (p<0.05).70 
However, all studies in this meta- analysis were conducted 
in Japan. Despite these positive results, further studies 
are needed to investigate the efficacy of PEN and inter-
mittent EEN as maintenance therapy in adults.

EEN and biological drug treatment
Biological drugs, including anti- TNF agents, cell traf-
ficking inhibitors and interleukin- 12/23 blockers, are 
potent in inducing remission in CD. There is currently 
no RCT which compares EEN with biologics in adults. An 
RCT of 26 paediatric patients found comparable efficacy 
of EEN (83.3%) to infliximab (90.9%) in inducing clin-
ical remission.71 In countries where public and private 
healthcare regulations permit a top- down approach, 
biological drugs have often become first- line therapy for 
CD. In certain countries, however, public and/or private 
healthcare regulations mandate failure of other agents 
before a biological drug is permitted. Despite the availa-
bility of biologics, EEN may still play a role in both these 
healthcare settings.

EEN administration during biological induction may 
reduce risk of treatment failure. Meta- analysis of four 
adult studies comparing the remission rates of concom-
itant EEN and infliximab versus infliximab alone found 
significantly improved long- term clinical remission rates 
with concomitant therapy (74.5% vs 49.2%, p<0.01).72 
However, three studies were retrospective and assessed 
as moderate quality, with one prospective high- quality 
study. The mechanisms behind improved remission rates 
and infliximab persistence with concomitant EEN may 
involve additive anti- inflammatory effects or improved 
biological responsiveness in nutritionally replete patients. 

It is unclear if EEN would have similar beneficial effects 
in combination with other biological drugs. Adding PEN 
to infliximab therapy in adult patients with CD has been 
shown in cohort studies to reduce disease recurrence and 
loss- of- response.73 74

EEN can induce remission in patients with disease 
refractory to biologics such as infliximab. In a retro-
spective study, four in six adult patients achieved clinical 
remission with 12 weeks of EEN after becoming refrac-
tory of infliximab.75 EEN was associated with a decrease 
in the mean CDAI scores (388.8 vs 160.0, p<0.001), and 
improvements in BMI, haemoglobin and albumin. Due 
to the small sample size and lack of control arm, these 
results are to be interpreted with caution. Further studies 
are needed, particularly with longer- term follow- up.

Limitations of EEN use in adults
A challenge in using EEN clinically is relatively high non- 
compliance rates.76 Adults are generally less compliant 
with EEN than children.38 Major reasons include the 
poor palatability of some formulations, lack of variety, 
missing out on the social aspects of food, lack of moti-
vation, lack of acceptance of an NGT, financial costs and 
the length of treatment.6 Children do not have autonomy 
over their healthcare decisions. A parent or guardian can 
often decide for a particular treatment despite a child’s 
protest. This may be one reason why EEN has seen more 
success in paediatric trials.

In general, rates of compliance to EEN therapy range 
from 50% to 80%.17 Compliance rates reduce with longer 
durations of therapy.76 Adherence to EEN is influenced 
by support received by patients during the therapy time-
frame. High rates of adherence of around 80% were 
observed in studies in which patients received in- patient 
EEN and had shorter EEN therapy durations. In one 
RCT comparing EEN to corticosteroids, 57% discon-
tinued EEN treatment, with majority (69%) citing poor 
palatability as their reason.77 A systematic review of EN 
that was not restricted to CD, similarly found highest 
adherence rates in hospital settings with support and 
monitoring from nursing staff and nutritionists.37 Older, 
less palatable elemental formulations resulted in lower 
compliance.36 37

Lack of support in the outpatient setting is a major 
barrier to the more widespread uptake of EEN in the 
treatment of adult patients with CD. Several studies have 
attempted to address this. Piquet et al attributed their 
high adherence rate of close to 80% to having the staffing 
and infrastructure to provide nutritional support.78 Kraft 
et al also found patient education regarding the benefits 
of EEN improves compliance.79 Due to poor compliance 
among adults, most adult CD guidelines advise EEN be 
reserved for when corticosteroid are ineffective or contra-
indicated.14 In countries such as Japan, guidelines recom-
mend the use of EEN as first- line treatment for inducing 
remission in adult CD.80 The difference of EEN uptake 
between countries could relate to cultural differences. 
Further formula developments to address palatability and 
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offer more variety may increase compliance. Education 
programmes for both patients and health staff provide 
safer avenues for EEN use and promotes patient compli-
ance.81 Addressing these factors may enhance uptake 
of EEN as routine CD therapy among adult patients in 
Western countries.

EEN use in current practice
A multidisciplinary approach is recommended in 
commencing a patient on EEN. A discussion between 
the patient, treating specialist and dietitian is advised to 
assess suitability for EEN.82 Likelihood of compliance, 
and risks and benefits of using EEN in place of, or in 
addition to, other CD treatments needs to be considered. 
The dietitian assesses for malnutrition and calculates the 
recommended nutritional intake for the patient. Pres-
ence of malnutrition requires gradual up titration of EEN 
with electrolyte monitoring to reduce risk of refeeding 
syndrome. Formulations can then be selected to meet the 
specific needs of the patient. The largest resource barrier 
in using EEN is the need for institutional patient support 
throughout the treatment to ensure compliance and 
safety.38 83 EEN is usually initiated orally with a polymeric 
formulation. Oral feeding has been associated with better 
quality of life (QOL) while preserving a similar efficacy as 
NGT delivery.84 85

The duration of treatment for induction of remission 
varies from 10 days to 12 weeks, however, most institu-
tions practise a duration of 6–8 weeks. A recent retrospec-
tive study found that EEN treatment durations of 6 weeks 
or greater were associated with improved efficacy.86 The 
volume of EEN formula supplied to patients also varies 
depending on the macronutrient and energy require-
ments of the individual. Gradual uptitration is recom-
mended when adherence is an issue.82

There is no set definition for what a clinical response 
constitutes and would vary between countries and institu-
tions. This may involve monitoring decreases in patient- 
reported outcomes, HBI or CDAI scores. Guidelines by 
Day et al recommend alternative treatment options if 
clinical responses has not been achieved after 2 weeks 
of EEN.82 The latest Selecting Therapeutic Targets in 
Inflammatory Bowel Disease guidelines delineate clinical 
response as an immediate treatment goal in CD, clinical 
remission and CRP normalisation as an intermediate- term 
treatment goal, and achievement of endoscopic healing, 
absence of disability and normalisation of health- related 
QOL as a long- term treatment goal.87

Patients who achieve remission are typically continued 
on EEN for a minimum of 6–8 weeks. Following this, 
whole foods are slowly reintroduced. One recommen-
dation is to reintroduce food over a 5- day period with 
one additional meal introduced to their diet each day as 
EEN is weaned.88 Another option on weaning EEN is to 
transition to maintenance PEN and/or other restrictive 
diets. CDTEAT is a whole food diet that aims to mimics 
the composition of EEN. A study found CDTREAT has 
similar effects on the gut microbiota in adults while 

improving compliance compared with EEN, while in chil-
dren 4/5 had a response and 3/5 entered clinical remis-
sion.89 The CD exclusion diet (CDED) is another popular 
diet that has been used alone or in combination with 
PEN. It aims to exclude dietary factors that have evidence 
for IBD onset or exacerbation from a combination of 
human epidemiological and animal trials. In an RCT of 
CD children, CDED in combination with PEN was found 
to have equivalent rates of clinical remission as EEN for 6 
weeks followed by PEN, however, with improved compli-
ance and sustained remission at 12 weeks.90 An uncon-
trolled observational study has also shown high success in 
mixed adult and paediatric CD populations treated with 
CDED and PEN.30 Both CDTREAT and CDED can be an 
alternative to EEN or a longer- term maintenance strategy 
post- EEN with or without PEN.

CONCLUSION
Although first- line in paediatric patients, EEN has also 
shown promise in the management of adult patient with 
CD. In adults, evidence suggests that EEN has similar 
remission rates as corticosteroids. EEN avoids the meta-
bolic and systemic immunosuppressive effects of corticos-
teroids. In addition, its combination with infliximab may 
improve induction and persistence of remission. Benefits 
of combining EEN with other biologics is less clear. In 
structuring and penetrating disease, EEN can avoid the 
need for surgery in a subset of patients, and improve 
outcomes in those who eventually undergo surgery. EEN 
trial evidence is often limited by small patient numbers, 
lack of blinding, high non- compliance rates and difficul-
ties with meta- analysis due to variability in study proto-
cols. Despite this, EEN should be considered in certain 
patients in a modern- day CD treatment. Larger, higher- 
quality studies are needed to confirm these benefits in 
adults. Infrastructure to support patients may improve 
adherence in future trials.
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