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Background and aims: Total enteral nutrition with a liquid formula (TEN) can suppress gut 
inflammation and induce remission in active Crohn’s disease.  The mechanism is obscure.  
Studies have suggested that long-term nutritional supplementation with a liquid formula 
(partial enteral nutrition, PEN) may also suppress inflammation and prevent relapse.  The 
aim of this study was to compare PEN with conventional TEN in active Crohn’s disease.   
Patients and methods: Fifty children with a Paediatric Crohn’s Disease Activity Index 
(PCDAI) > 20 were randomly assigned to receive 50% (PEN) or 100% (TEN) of their energy 
requirement as elemental formula for 6 weeks.  The PEN group was encouraged to eat an 
unrestricted diet, while those receiving TEN were not allowed to eat.  The primary outcome 
was achievement of remission (PCDAI<10).  Secondary analyses of changes in ESR, CRP, 
albumin and platelets were performed to look for evidence of anti-inflammatory effects.   
Results:  The remission rate with PEN was lower than with TEN (15% versus 42%; 
p=0.035).  Although the PCDAI fell in both groups (p=0.001 for both), the reduction was 
greater with TEN (p=0.005).  Moreover, the fall in PCDAI with PEN was due to symptomatic 
and nutritional benefits.  With both treatments there were significant improvements in 
relation to abdominal pain, ‘sense of wellbeing’ and nutritional status.  However, only TEN 
led to a reduction in diarrhoea (p=0.02), an increase in haemoglobin and albumin, and a fall 
in platelets and ESR.   
Conclusions:  TEN suppresses inflammation in active Crohn’s disease, but PEN does not.  
This suggests that long-term nutritional supplementation although beneficial to some 
patients, is unlikely to suppress inflammation and so prevent disease relapse. 
 
 
 
Abbreviations: CI, Confidence intervals; CRP, C-reactive protein; EAR, enteral nutrition; Estimated 
average requirement; ESR, Erythrocyte sedimentation rate; Liquid diet therapy; PCDAI, Paediatric 
Crohn’s Disease Activity Index; PUFA(s), PEN, Polyunsaturated fatty acid(s); RNI, Recommended 
nutrient intake; SDS, Standard Deviation Score, TEN 
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Active Crohn’s disease can be effectively treated by providing all of the patient’s nutritional 
requirements in the form of a nutritionally balanced liquid formula.(1;2)  Such total enteral 
nutrition (TEN) with liquid formula has been widely used, but its value as a primary 
treatment is debated.  Corticosteroid therapy appears to be more effective in inducing 
remission.(3-6)  A significant disadvantage with TEN is its non-acceptability to some 
patients.  It requires the consumption of a large volume of formula each day for about six 
weeks, and the patient is not allowed to eat throughout that time.  Consequently, some 
patients are unable or unwilling to tolerate it.  This is a major reason for treatment failure.  
Despite this, TEN induces remission in about 60 percent of patients, and it avoids the risks of 
corticosteroid toxicity.(3-5)  It is frequently used in children with Crohn’s disease, because 
excessive corticosteroid usage can suppress growth.  Growth impairment is very common in 
paediatric Crohn’s disease, even without corticosteroid usage.(7;8)   

TEN does not merely alleviate symptoms and enhance the patient’s nutritional status.  
It is clear that it actually suppresses intestinal inflammation.(9-11)  The mechanism of action 
is unknown.  Originally it was thought that a reduction in dietary antigen exposure might be 
responsible, most patients being treated with an ‘elemental diet’ containing amino acids or 
oligopeptides as the nitrogen source.  More recently, however, studies have shown that 
whole-protein (polymeric) formulas are also effective.(12-14)  The rationale for requiring 
that patients completely desist from eating normal foods during the treatment period can 
therefore be questioned.  There are no randomised trials that address this important issue.  
Partial enteral nutrition (PEN) would be more acceptable to patients, and might be an 
effective treatment for active disease.  Moreover, there are studies suggesting that such 
nutritional supplementation may prolong remission in patients with quiescent Crohn’s 
disease.(15-18)  If PEN could be shown to suppress inflammation in active Crohn’s disease 
this would also lend support to its proposed use in maintaining remission.  
 The aim of this study was to compare PEN with conventional TEN for the induction 
of remission in children with active Crohn’s disease.  Evidence was sought for an anti-
inflammatory response to these treatments.   
 

Patients and Methods 
Subjects 
Patients were recruited from three tertiary paediatric gastroenterology centres in the United 
Kingdom over an 18-month period.  Children with active Crohn’s disease involving the 
small bowel and/or colon were eligible for participation. The diagnosis of Crohn’s disease 
was based on conventional criteria, including clinical, radiological, endoscopic and 
histological findings.   All had moderate to severe disease activity, with a Paediatric Crohn’s 
Disease Activity Index > 20, justifying the use of TEN.(19)  Patients with newly diagnosed 
disease and those with established disease but stable medical treatment were eligible.   

 
Treatment allocation 
Following an initial assessment (see below) children were randomly assigned to one of two 
treatment groups.  Randomisation was by numbered sealed envelope, concealment being 
maintained until after assignment.  Randomisation was stratified for each of the three 
centres.  The allocation sequence was generated by an external source (Research Division, 
SHS International Ltd, Liverpool, UK).  The participants were assigned to their groups by 
the lead dietician. 

The PEN group were to receive a liquid formula to provide 50% of their daily 
Estimated Average Requirement (EAR) for energy for a treatment period of six weeks.  In 
addition they were encouraged to eat an unrestricted normal diet.  
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The conventional TEN group were to receive sufficient liquid formula to provide at 
least 100% of their daily EAR for energy.  If necessary, the volume given was increased 
above EAR, to alleviate hunger and to promote adequate weight gain.  The amount of 
formula was increased stepwise, the final volume being achieved within a week.  Again the 
duration of the treatment was six weeks.  Children in this group were not allowed to eat 
normal foods during the treatment period.  As is usual with TEN, they were allowed small 
amounts of fat-free and protein-free drinks and boiled sweets.   
 The liquid formula used for both groups was Elemental O28 Extra (SHS International 
Ltd, Liverpool, UK) (Table 1).  This is a nutritionally complete formula based on amino 
acids, glucose polymer and blended vegetable oil (35% medium chain triglycerides).  The 
formula was constituted by dissolving a powder in water to a final concentration of 0.85 – 
1.2 kcal/ml.  If desired, it could be flavoured or chilled to enhance palatability.  If necessary 
it could be administered by nasogastric tube infusion.  
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Table 1. Composition of Elemental O28 Extra 
 
Presentation 

 
100g sachets of powder (flavoured or 
unflavoured) diluted  
to 20-27.5g/100ml 
 

 
Nutrient source 
 
Nitrogen  
Carbohydrate  
Fat  

 
 
 

Amino acids 
Glucose syrup 

Blended vegetable oil (35% MCT) 
 

 
Composition per 100g 
 
Energy (kCal) 
 
Protein (g) 
Carbohydrate (g) 
Fat (g) 
  linoleic acid (% energy) 
  alpha linolenic (% energy) 
  omega-6:omega-3 fatty acid ratio  
 
Vitamin A (µg) 
Vitamin D(µg) 
Vitamin E (mg) 
Vitamin C (mg) 
Vitamin K(µg) 
Thiamin (mg) 
Riboflavin (mg) 
Niacin (mg) 
Vitamin B6 (mg) 
Folic acid (µg) 
Vitamin B12 (µg) 
Biotin (µg) 
Sodium (mg) 
Potassium (mg) 
Calcium (mg) 
Phosphorus (mg) 
Magnesium (mg) 
Iron (mg) 
Zinc (mg) 
Copper (mg) 
Manganese (mg) 
Iodine (µg) 

 
 
 

443 (flavoured 427) 
 

12.5 
59.0 (flavoured 55) 

17.5 
4  
1 

4:1 
 

330 
2.5 
6.1 
28.3 
25.0 
0.6 
0.6 
4.2 
0.8 
83.3 
1.7 
18.0 

305.0 
466.0 
245.0 
200.0 
81.6 
4.2 
4.2 
0.4 
0.6 
33.3 
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Patient assessment and monitoring 
Each child was formally assessed at the time of recruitment and after 6 weeks of treatment, 
or sooner if withdrawn early from the allocated treatment.  In addition to clinical assessment, 
anthropometric measurements (weight, height, mid-upper arm circumference, triceps and 
subscapular skin fold thickness) were obtained.  The PCDAI was determined.  Laboratory 
blood investigations included full blood count and platelets, erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP) and serum albumin.   

A paediatric dietician maintained regular contact with the subjects throughout the 
study period in order to provide advice and support with adhering to the allocated treatment 
regimen.  Three-day prospective food diaries were maintained at 3 weeks and 6 weeks to 
record the amount of formula being taken, and the amount and composition of food being 
eaten.  Food intake was measured using a 3-day weighed food intake record.  All food items 
were weighed to the nearest 2 grams using electronic digital scales.  Macronutrient and 
micronutrient intakes were determined using Microdiet Software based on McCance and 
Widdowson’s “The composition of foods” Version 5 (Downlee Systems Ltd, UK), with 
supplementary data from food manufacturers.   
 Patients were withdrawn from their allocated treatment if there were persistent severe 
symptoms, if they had not experienced a marked improvement in symptoms after 3 weeks, or 
if the patient and/or family asked to withdraw.   
 
Power calculation and data analysis 
The primary endpoint was the proportion achieving remission with the assigned treatment.  
Remission was defined as a PCDAI < 10 at the time of finishing PEN or TEN.  Assuming a 
65% remission rate with TEN, it was calculated that recruitment of a total of 50 patients 
would provide a 90% power (p<0.05, two-tailed test) to detect a 25% difference in remission 
rate between the treatments.  Secondary analyses were performed on changes in 
anthropometry, PCDAI subscores and blood indices, in order to explore the possible 
mechanisms of action of the two treatments.  No endpoint analyses were performed other 
than those presented.  All outcome analysis was based on ‘intention-to-treat’.  Statistical 
comparisons were made using paired or unpaired t-tests, the Mann Whitney rank sum test or 
the signed rank sum test as appropriate.  Categorical comparisons were made using the Chi-
square test.  
 

Results 
Comparison of groups at enrolment 
A total of 50 children were recruited with 26 randomised to PEN and 24 to TEN.  The two 
groups were similar at the time of enrolment (Table 2).  There was no significant difference 
between the groups in terms of PCDAI, the weight/height standard deviation score (SDS), or 
disease distribution (small bowel, colon).   

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2004.062554 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


7  

  

Table  2.  Patient characteristics at enrolment 
 

  
PEN (n=26) 

 
TEN (n=24) 

 
Age*  

 
12.9 yr  (6.8 – 15.9) 

 
12.0 yr (3.8 – 16.0) 

 
Sex.  

 
50% males 

 
66% males 

 
Newly diagnosed 

 
80% 

 
66% 

 
PCDAI* 

 
40 (22.5 – 70) 

 
42.5 (22.5 – 72.5) 

 
Weight/height  SDS* 

 
-0.97 (-2.01 to +2.5) 

 
-0.5 (-2.3 to +1.3) 

 
Disease Location (% subjects) 

small bowel  
colon  
small bowel & colon 

 
 
15%   
12%  
73% 

 
 
17% 
17% 
66% 

 
Laboratory indices*  

Haemoglobin (g/dl) 
Platelets (x109/l) 
Albumin (g/l) 
ESR (mm/hr) 
CRP (mg/l) 

 
 
10.7   (8.7 – 13.3) 
495    (166 – 952) 
32      (17 - 45) 
52      (5 – 141) 
30      (0 – 158) 

 
 
10.6    (7.7 – 14.1) 
522    (263 – 1329) 
32     (16 – 46) 
53      (10 – 115) 
23 (0 – 138) 

 
 
* median (range) 
 
Comparison of nutrition intake in the groups 
The dietary energy intake in the two groups based on the food diaries completed during the 
trial is summarised in Table 3.  The median intake in the PEN group was 126% of EAR, and 
in the TEN group 111% of EAR.  The PEN group achieved the target of consuming at least 
50% of EAR for energy from normal food.  Their overall energy intake was therefore 
slightly greater than the TEN group.  In the PEN group 47% of energy was provided as 
liquid formula (range 39-58%).  In the TEN group the median total energy intake as liquid 
formula was 98% (range 89-100%) with just 2% (range 0-11%) from other permitted foods 
and drinks.  
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Table 3. Comparison of energy intakes in study groups 
 

  
PEN  

 
TEN  

 
Total energy intake (kcal/d) 

 
2380 (1890-3165) 

 
2190 (1660-3415) 

 
Total energy intake as proportion of EAR 

 
126% (96-142) 

 
111% (93-153) 

 
Proportion of total energy intake as TEN 

 
47% (39-58) 

 
100% (89-100) 

 
Energy intake from TEN as proportion of EAR 

 
51% (48-69) 

 
111% (93-146) 
 

 
Results expressed as median (range).  Figures are based on the 3-day food diary 
completed at 3 and 6 weeks, those withdrawing from the study are included only if 
enteral nutrition continued for at least 3 weeks 
 
Protein, carbohydrate and fat intake as a proportion of total energy were very similar in both 
groups (Table 4).  Both received a comparable proportion of their energy as fat – 37% in the 
PEN group and 35% in the TEN group. Children in the TEN group received 1% of total 
energy intake from omega-3 fatty acids with an omega-6 / omega-3 ratio of 4 to 1.  The 
omega-3 fatty acid content in Elemental 028 Extra is greater than that present in a typical 
child’s diet, and so the omega-6 / omega-3 ratio would have been higher in the PEN group.  
In both groups the intake of micronutrients met or exceeded the Recommended Nutrient 
Intake (Table 4).   

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2004.062554 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


9  

  

Table 4.  Comparison of macronutrient and micro nutrient intakes in study groups 
  

PEN 
 
TEN 

 
Macronutrient (% energy)  

protein 
fat 
carbohydrate 

 
 
12% 
37% 
51% 

 
 
11% 
35% 
54% 
 

 
Micronutrients (% RNI) 

Iron 
Calcium 
Folate 
Zinc 
Vitamin B1 

Vitamin B2 

Vitamin C 
Vitamin A 
Vitamin E 
Vitamin B12 

 

 
 
163% 
131% 
180% 
189% 
273% 
235% 
356% 
215% 
289% 
606% 

 
 
212% 
130% 
254% 
272% 
323% 
285% 
451% 
314% 
511% 
841% 

 
RNI = Recommended Nutrient Intake 
 
Withdrawal from the allocated treatment before completion of the intended six-week 

period was necessary in 10/26 (39%) in the PEN group and in 8/24 (33%) in the TEN group.  
In three patients, all on TEN, withdrawal was at the request of patient and parent.  In the 
remaining 15 withdrawals this was necessary because the allocated nutritional treatment 
failed.  All patients withdrawn from nutritional therapy received a course of corticosteroid 
therapy and entered remission. 
 
PCDAI response to the interventions  
Based on intention-to-treat analysis, remission (PCDAI < 10) was achieved in only 15% 
(4/26) of the PEN group compared with 42% (10/24) of the TEN group (p=0.035).  In both 
groups there was a significant reduction in PCDAI at the time of finishing PEN or TEN 
(p<0.001 for each), but the mean reduction with TEN was greater than with PEN (-26 versus 
-13; p=0.005) (Table 5).  
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Table 5. Changes in PCDAI score and in symptom sub-scores 
 

  
PEN  
mean (95%CI) 

 
TEN  
mean (95%CI) 

 
group 
comparison 

 
PCDAI score 

 
-13 (-7 to -19)  p=0.001 

 
-26 (-19 to -33)  p=0.001 

 
p=0.005. 

 
Abdominal pain sub-score 

 
-2 (-0.2 to -3.8)  p=0.02 

 
-4 (-2.4 to -5.6)  p=0.001 

 
n.s. 

 
‘Well-being’ sub-score 

 
-3 (-1 to -5)  p=0.002 

 
-5.7 (-4 to -7.4)  p=0.001 

 
n.s. 

 
Diarrhoea sub-score 

 
-0.7 (-1.7 to +3)  n.s. 

 
-3 (-1.4 to -4.6)  p=0.02 

 
p=0.04 
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Analysis of specific changes 
To explore the factors responsible for the reductions in PCDAI, the changes in the individual 
PCDAI clinical symptom parameters in the two groups were examined (Table 5).  Analysis 
of the PCDAI symptom sub-scores showed a significant reduction in abdominal pain and an 
improvement in ‘wellbeing’ in both groups, with no significant difference between the 
groups.  Only the TEN group had a significant reduction in diarrhoea.   

The anthropometric changes in the groups were compared (Table 6).  In both groups 
there was a significant increase in weight, weight for height SDS and sub-scapular skin fold 
thickness.  Those in the PEN group had a significant increase in triceps skin fold thickness, 
while those in the TEN group had a significant increase in mid-upper arm circumference.  
There were no significant differences between the groups in relation to any of these 
parameters. 
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Table 6.  Change in nutritional parameters 
  

PEN  
mean (95%CI) 

 
TEN  
mean (95%CI) 

 
group 
comparison 

 
Weight (kg) 

 
+ 3.0 (+2 to +4)  p=0.001 

 
+3.6 (+2.5 to +4.7)  p=0.001 

 
n.s. 

 
Weight/height SDS 

 
+0.53 (+0.28 to +0.78)  p<0.001 

 
+0.7 (+0.5 to +0.9)  p<0.001 

 
n.s. 

 
Mid-upper arm circumference (mm) 

 
+9 (0 to +18)  n.s. 

 
+15 (+8 to +22)  p<0.001 

 
n.s. 

 
Triceps skin fold (mm) 

 
+1.3 (+0.3 to +2.3)  p=0.014 

 
+1.3 (-0.2 to +2.8)  n.s. 

 
n.s. 

 
Subscapular skin fold (mm) 

 
+1.2 (0 to +2.4)  p=0.04 

 
+1.3 (+0.6 to +2)  p=0.001 

 
n.s. 

 
95%CI = 95% confidence intervals 
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The various laboratory indices were compared, as objective indicators of disease 
activity (Table 7).  In the PEN group there were no significant changes in haemoglobin, 
platelet count, ESR, CRP or albumin.  By comparison, the TEN group experienced a 
significant rise haemoglobin and albumin and a significant reduction in platelet count and 
ESR.  

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2004.062554 on 14 S

eptem
ber 2005. D

ow
nloaded from

 

http://gut.bmj.com/


14  

  

Table 7.  Changes in laboratory blood indices 
 
  

PEN  
mean (95%CI) 

 
TEN  
mean (95%CI) 

 
group 
comparison 

 
Haemoglobin (g/dl ) 
Platelets (x109/l) 
ESR ( mm/hr) 
CRP (mg/l ) 
Albumin (g/l )  

 
-0.3 (-6 to 0)  p=0.056 
-26 (-81 to +29)  p=0.39 
-4 (-17 to +8)  p=0.46 
-6 (-26 to +14)  p=0.55 
+1.7 (-0.1 to +3.5)  p=0.054 

 
+0.8 (+0.3 to +1.3)  p=0.011 
-146 (-210 to -82)  p<0.001 
-26 (-42 to -10)  p=0.004 
-13 (-47 to +21)  p=0.06 
+5.0 (+3 to +7)  p< 0.001 

 
p<0.001 
p=0.006 
p=0.003 
p=0.36 
p=0.019 

 
95%CI = 95% confidence intervals 
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Discussion 
In this study conventional TEN was associated with a significantly higher remission rate 
than PEN (42% versus 15%).  This difference was seen despite a relatively low remission 
rate with TEN.  Most published studies have reported remission rates in the order of 60 to 
70% with TEN.(5)  This may be explained by a various factors, such as the patient inclusion 
criteria and the relatively stringent definition of remission (PCDAI < 10) employed in this 
study compared with others.(14;20)  Both TEN and PEN led to a reduction in PCDAI, 
although the reduction with TEN was significantly greater.  Moreover, the reduction with 
PEN was explicable on the basis of weight gain, reduction in abdominal pain and improved 
‘wellbeing’.  These effects, though beneficial, are not necessarily indicative of an anti-
inflammatory action in the intestine.  TEN led to a significant reduction in diarrhoea, while 
PEN did not.  Moreover, TEN was associated with a significant rise in haemoglobin and 
serum albumin concentration, and reduction in platelet count and ESR, but no such changes 
occurred with PEN.   

The effectiveness of TEN in patients with active Crohn’s disease was a fortuitous 
discovery.  In the 1970’s malnourished patients with poorly controlled Crohn’s disease were 
treated with an elemental (amino acid based) formula and it was noted that some experienced 
a disease remission.(21)  Consequently, for many years patients with Crohn’s disease were 
treated with amino acid or oligopeptide based formulas, on the assumption that the 
therapeutic effect depended on the absence of whole protein in the diet.  It was believed that 
dietary antigen stimulation might have had a role in promoting the inflammatory process.  
More recently, however, studies have shown that polymeric whole-protein formulas are also 
effective.(6;12-14)  The possibility that active Crohn’s disease might be treated using a 
nutritional regimen in which patients are allowed to eat had not previously been investigated 
in a randomised controlled trial. 

An alternative to the antigen hypothesis has been the suggestion that differences in 
fat content or composition might be important, suppressing inflammation in the gut.(22)  In 
one randomised controlled trial there was no difference between liquid formulas of low and 
high fat content.(23)  In agreement with this, the current study used diets of similar fat 
content, and yet the remission rate was higher with TEN.  Polyunsaturated fatty acids 
(PUFAs) are potent modulators of immunity and inflammation.(24)  In a recent double-blind 
trial, feeds containing mainly oleic acid (a monounsaturated fatty acid) or linoleic acid (an 
omega-6 PUFA) were compared in patients with active Crohn’s disease.(25)  The hypothesis 
was that the oleic acid based formula should be more effective.  Linoleic acid is the 
precursor of arachidonic acid, and the leukotrienes derived from arachidonic acid have a pro-
inflammatory effect.(24)  Contrary to expectation, the linoleic acid formula was associated 
with a higher remission rate.  Omega-3 PUFAs share a common enzyme pathway with 
omega-6 PUFAs and so tend to competitively inhibit their biological actions.  In the current 
study, compared with the PEN group the TEN group received fat with a lower omega-6 / 
omega-3 PUFA ratio.  As TEN proved more effective, this is not consistent with the 
suggestion that omega-6 PUFAs might be responsible for the treatment’s efficacy.  The 
findings in this study do not, however, support or refute the possible importance of fat 
composition in explaining the anti-inflammatory effects of TEN. 

In the past the effect of ‘bowel rest’ on active Crohn’s disease was studied in adult 
patients.(26)  Patients were randomised to TEN, total parenteral nutrition, or a combination 
of parenteral nutrition and normal food, and the remission rates in each group were not 
significantly different (approximately 65%).  Although that study was under-powered, it was 
concluded that ‘bowel rest’ was not an important factor in nutritional therapy for active 
Crohn’s disease.  Our study did not examine the effect of ‘bowel rest’, but compared an PEN 
with TEN.   
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Several studies have addressed the value of long-term nutritional supplementation 

with PEN in Crohn’s disease, and specifically examined its possible impact on disease 
activity.  In 1983 a controlled trial of cross-over design examined the effects of nutritional 
supplementation for a 2 month period in children with Crohn’s disease.(15)  This regimen 
was associated with nutritional benefits.  It was noted, however, that the serum orosomucoid 
levels fell significantly, and the authors suggested that supplementation might have reduced 
disease activity.  In a retrospective study of 47 children who had responded to a course of 
TEN, 28 who had continued with nasogastric nutritional supplementation were compared 
with 19 who had not.(17)  It was observed that supplementation was associated with a longer 
time-interval to relapse.  In a recent trial, 39 adults with quiescent Crohn’s disease were 
randomised to receive oral supplementation or not (controls).(18)  Of those assigned to 
supplementation 48% remained in remission at one year compared with 22% of controls.  
Such reports have led to a common perception that nutritional supplementation may have an 
important effect in suppressing bowel inflammation and thereby preventing disease relapse.  
However, they have various methodological weaknesses, including retrospective and in the 
case of the clinical trials, insufficient power with sub-group post-hoc analysis.  Importantly, 
the reported efficacy of supplementation may have reflected clinical benefits unrelated to the 
suppression of inflammation.   

This study was adequately powered to compare TEN with PEN supplementation in 
relation to remission rate – the primary outcome measure.  Supplementation, amounting to 
50% of EAR, was more intensive than in previous studies.  Secondary analysis of the 
changes in clinical symptoms, anthropometry and laboratory blood indices were performed 
to explore the factors responsible for the PCDAI improvement observed in both groups, and 
to look for objective evidence of an anti-inflammatory effect.  The findings strongly suggest 
that while nutritional supplementation may be of clinical benefit, it does not suppress 
intestinal inflammation.   

There are two possible explanations for the absence of an anti-inflammatory effect 
with PEN.  It could be attributed to a simple ‘dose effect’.  By reducing the total amount of 
liquid formula the biological effect on the inflammatory process might have been reduced.  
Alternatively, the anti-inflammatory effect might have been lost due to the continued intake 
of normal foods.  This latter explanation appears more probable.  The absence of any 
significant improvement in the blood indices with PEN argues against a ‘dose effect’ 
phenomenon. 

Adherence to TEN is often difficult, and the treatment may have significant 
psychosocial consequences for both child and family.  While most children accept TEN at 
first presentation, some may be reluctant to receive repeated courses of treatment when 
relapses occur, and most eventually receive corticosteroid therapy.  PEN would be more 
acceptable than TEN, but this study shows it is not an effective treatment for active Crohn’s 
disease.  Moreover, given that PEN does not suppress inflammation it is unlikely that it can 
truly prevent disease relapse.  
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Figure.  Flow diagram showing progression of subjects through the trial stages 
 
[Footnote:] ‘Intention to treat’ analysis was performed, based on outcomes at 6 
weeks, or sooner if early withdrawal 
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