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Abstract  

Aim: To conduct a systematic review in order to bring together the current knowledge about 

the use of exclusive enteral nutrition (EEN) in the pre-operative optimisation of adult patients 

with Crohn’s disease undergoing intestinal resection. 

Methods: We searched Pubmed, Cochrane Library, ClinicalTrials.gov and the EU clinical trial 

register to identify experimental and observational studies on the effect of pre-operative EEN 

on nutritional and clinical outcomes of patients undergoing surgery. Methodological quality 

was assessed using the Downs and Black checklist.  

Results: Seven studies were included in the final analysis. Of these 5 were retrospective 

cohort studies and 2 were retrospective case- control studies. There were 4 ongoing RCTs , 

however they have not reported data to analyse. Overall the 7 retrospective studies, support 

that with EEN; body mass index (BMI) does not increase, C-reactive protein decreases (CRP), 

albumin usually increases and haemoglobin does not significantly change. There were fewer 

infectious complications in patients who had taken EEN. There was a trend towards fewer 

stomas but only one of the studies was powered enough to demonstrate significance. There 

was no significant difference in recurrence rates of Crohn’s disease at 12 months in any of the 

studies. Quality of the studies were either medium or poor.  

Conclusion: The current data on the use of EEN in pre-operative optimisation is of poor quality 

and underpowered to demonstrate significance. Randomised controlled trials are needed to 

demonstrate whether or not EEN can improve outcomes and reduce stoma formation in adult 

patients undergoing intestinal resection. 
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Background  

It is estimated that at least 115,000 people suffer from Crohn’s disease (CD) in the UK(1). Of 

patients diagnosed with Crohn’s disease, 70-74% will require surgical resection by 10-13 years 

from diagnosis with those with ileocolic disease being the most likely to require surgery (2,3). 

Complications of surgical resection are common, and includes surgical site infection which 

may be associated with sepsis and these complications are higher in those with low albumin, 

low haemoglobin and high C-reactive protein (CRP)(4). Stoma rates are high, with one study 

citing 40% rate of temporary stoma formation and 14% rate of permanent stomas at 20 years 

(5).  

 

Exclusive enteral nutrition (EEN) is widely used in children with Crohn’s disease, and is 

successful as first-line therapy, inducing remission in 60-80% of cases without the use of 

steroids (6–8). In adults,  EEN can be used as an alternative to steroids, usually for a period of 

3-6 weeks, but the evidence is weak and this is likely to be due to tolerability and acceptability 

(9).  Steroids are often used as first-line therapy for adults presenting acutely with active small 

bowel Crohn’s disease. However, this causes a problem if the patient then requires surgery 

as steroids significantly increase the risk of anastomotic leak,  delayed wound healing, surgical 

site infection, pneumonia, myocardial infarction, renal insufficiency, prolonged intubation, 

cardiac arrest, longer hospital length of stay and mortality(10,11). Therefore, for adults who 

require  an operation for Crohn’s disease, managing them with EEN instead of steroids to 

downstage their disease, followed by a planned, semi-elective operation in an optimised state 

could lead to improved surgical outcomes.  
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Our aim was to assess with a systematic review of the current evidence whether there is 

benefit in the use of exclusive enteral nutrition in adult patients undergoing elective surgery 

for Crohn’s disease.  

 

Method  

We performed a systematic review of the literature and have reported in accordance with 

the PRISMA guidelines (12). The research protocol along with the search strategy is registered 

on the PROSPERO database for systematic reviews (PROSPERO CRD 42020221761). 

 

Eligibility Criteria 

Eligibility criteria were guided by the PICO (Patients, Intervention, Comparison, Outcomes) 

approach.  

The  inclusion criteria where: Original studies where they reported the use of EEN as an 

approach to analysing its impact on the surgical management of adult patients with Crohn’s 

disease, prospective observational and experimental designs were considered eligible, 

including randomised control trials (RCTs) as well as prospective and retrospective studies, 

irrespective of geographical location, number of patients, duration of intervention or follow up, 

any formulation administered as EEN to patients, adult patients only and English full text 

articles. 

The exclusion criteria were: studies in the paediatric population, diseases other than Crohn’s 

disease, studies that did not involve  surgical management of Crohn’s disease, Stuides not 

published in English , if the full text was unavailable, where EEN was not analysed as a separate 

entity even when used in combination with other modes of nutrition.  
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Search Strategy 

A literature search was conducted on PubMed and Cochrane Library electronic databases 

from inception until August 2020. We also searched two clinical trial registers: clinicaltrial.gov 

and EU clinical trial register.  The search strategy used MeSH index terms and free-text 

restricted to titles and abstracts.The search was initially developed for PubMed by two 

researchers (ARAA & JGR) and then adapted to other databases. Retrieved records were 

imported into Rayyan  for removal of duplicates, screening and blinded screening of relevant 

literature by 2 independent reviewers.  

 

Study Selection 

Rayyan was used for this review’s selection and data processes. For quality control, two 

reviewers (CEG & AGD) independently screened 100% of titles and abstracts for full-text 

review against the inclusion/exclusion criteria.  Any differences in study inclusion/exclusion 

was discussed with the aim of reaching consensus. After the screening process full-text 

versions of selected articles were assessed. The search and selection process were 

documented and presented as a PRISMA flow-chart (Figure 1) showing numbers of articles 

excluded at each stage and reasons for exclusion of each of the articles obtained at the full-

text stage. 
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Data extraction 

Data were extracted into standardised pilot tested forms by two reviewers (JGR and CG). 

Firstly, the details about the individual studies including author, year, location, number of 

patients, exclusion criteria, type of EEN used, duration and comparision or control groups 

were recorded. Secondly, information about nutritional and biochemical data including body 

mass index (BMI), haemoglobin, albumin and CRP measurements were extracted. Finally, 

clinical data including complication rates (specifically anastomotic leak and infectious 

complications), stoma creation/ avoidance, hospital length of stay, readmission and 

recurrence were recorded.  A meta-analysis was not conducted. A narrative synthesis was 

performed.  

 

Quality Assessment 

The methodological quality of included studies was assessed by a two reviewers (RH and CEG) 

using a modified Downs and Black checklist designed specifically to appraise both 

experimental and observational studies(13). The checklist is composed of 27 questions (Yes, 

No and Unable to determine) which are divided into five sections: Reporting; External validity; 

Internal validity - bias: Internal validity - confounding; and Power. The checklist provides both 

an overall score for each study quality and a specific score for each section. Studies were 

classified into three groups: high (22 points or 80% of the total), medium (≥ 14 and < 22 points 

or ≥ 50 % and < 80 %) or low quality (< 14 points or < 50%). 

 

Results  

Out of 3520 papers initially identified, 1097 were excluded due to duplication, then 2409 

excluded due to irrelevant titles and abstracts, leaving 14 full text articles for full text 
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assessment (Figure 1). Fourteen full-text articles were assessed for eligibility of which 7 were 

excluded, mostly because they were not studies that specifically analysed EEN as an 

independent factor in the pre-operative optimisation of elective patients undergoing surgery.  

Seven studies were included in the final analysis of which 5 were cohort studies and 2 were 

case-control studies (Tables 1 and 2). Of note 4 ongoing RCTs were found, which have relevant 

protocols and would have been included in this review except the data of these trials are not 

yet available (14–17). 

 

All studies included used a retrospective design with regards to collection of data. Four of 

which were from China, 1 from the UK, 1 from France and 1 from Japan. Of the 7 studies 

included, two used Peptisorb liquid (Nutricia, Amsterdam, Netherlands) as EEN, two used 

Peptison liquid (Nutricia, Amsterdam,  Netherlands and Shanghai, China) two used Modulen 

IBD (Nestle, Vevey, Switzerland) and one used Elental, Ajinomoto Pharmaceuticals, Tokyo, 

Japan. Pre-operative duration of administration was between a minimum of two weeks and 

three months. The number of patients included in each study who had been treated with EEN 

pre-operatively varied between 24 and 219.  

 

Pre-operative impact on Body Mass Index (BMI) and biochemical tests 

Four of the studies reported data on the impact of EEN on pre-operative body mass index or 

weight and biochemical tests (Table 2). Only 1 reported a significant increase in BMI (p=<0.01) 

and the others non-significant increase in BMI (p= 0.17) or weight (p=0.92) and decrease 

(p=0.63)(18–21). Two studies reported a significant increase in pre-operative haemoglobin  

and four reported a significant  increase in albumin with a p <0.05 (18,21). Five studies 

reported a significant  decrease in CRP (see table 2). 
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Post-operative outcomes  

Various post-operative outcomes were reported: Five studies reportied an overall 

complication rate (Table 3) . One study reported an infectious vs non-infectious complication 

rate (18). others reported rates of specific infectious complications using various terminology 

including anastomotic leak, surgical site infection (SSI), incisional SSI, organ or space SSI and 

intra-abdominal abscesses.  In all included studies, the EEN group had a lowered overall 

complication rate, the difference was more likely to be significant when the outcome of 

interest was defined as a specific infection related complication, such as abscesses and 

anastomotic leak (Table 3) (18-19,21-23, 25). Six studies reported a significantly lower rate of 

infection related complications.Three studies reported stoma creation rates of which only 

one study showed significant results (p<0.05)(23). It is worth noting that this study had the 

largest sample size (n=219 for the EEN group). Hospital length of stay was reported by two 

studies and was 7.5 and 9.4 days respectively (20,21). Two studies reported re-admission 

rates which were 3% and 7.8% (22,23). Recurrence rate was analysed in 3 studies. Two of the 

studies reported a significant difference in the rate of endoscopic recurrence at 6 months 

(p=0.044 and p=0.03) (21,18). However there was no significant difference in the recurrence 

rate of Crohn’s disease whether clinical or endoscopic at 12 months in the three studies that 

reported this outcome (18,21,22).  

 

Quality Assessment  

None of the studies were of high quality (Figure 2). Five studies were of medium quality and 

two of low quality. None had performed a power calculation to detect a clinically important 

effect of EEN pre-operatively. None of the studies was blinded or randomised.  
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Discussion   

This is an up to date systematic review , aiming to improve the  current understanding of the 

role of EEN in the pre-operative optimisation of adult patients undergoing elective surgery 

for Crohn’s disease. The results suggest that EEN may have a role in pre-operative 

optimisation by improvement of nutritional status  and reducing inflammation as reflected by 

decreasing inflammatory markers such as the CRP.  Nutritional status does seem to have some 

correlation to the improvement in the pre-operative albumin levels which tend to increase 

with EEN.  BMI itself doesn’t seem to be reflective as the patients generally have better 

outcomes with EEN even though there is no evidence ot support that EEN increases the BMI. 

EEN may have a role in reducing post-operative complication rates and stoma creation rates. 

The largest study by Li et al in 2015, with 219 patients in the EEN/immunosuppressant free 

interal  group, was likely to be adequately powered to assess the efficiacy of the intervention, 

and found the rate of overall complications was lower, particularly those of an infectious 

nature. This is a promising results as preventing  an anastomotic leak is a critical outcome 

regarding a  life threatening complication (23).  Overall, the current evidence to date is 

generally of medium to poor quality, and is retrospective in nature with inadequate controls. 

 

Discussion over the role of EEN in the pre-operative management of Crohn’s disease can be 

fraught with difficulties because of the variable nature of the disease and it’s severity, and 

multiple other factors that impact on nutritional markers, stoma creation and infectious 

complications. These include patient factors such as frailty, comorbidity, steroid and 

immunosuppressant use, smoking status and surgeon related factors such as decision-making 

around the timing of surgery and opting to create a stoma.  
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EEN has been extensively trialled in the paediatric population in the context of Crohn’s 

disease and the efficacy of EEN is reported to be equivocal to steroid therapy with regard to 

inducing remission. EEN improves nutritional status, weight and induces mucosal healing in 

children whilst avoiding the side effects of corticosteroid therapy(24). EEN is considered the 

first-line management option in children with CD and data albeit weak evidence suggest that 

this may be extrapolated to adults (6,22)  .  

 

 

Strengths and Limitations 

We conducted a systematic review that specifically targeted EEN as a sole mode of nutritional 

support. This is advantageous in achieving the aim of this review however may have excluded 

clinically relevant studies which have incorporated other means of supporting the patients 

such as partial enteral nutrition or TPN- EN coadministration which may be beneficial in 

certain circumstances.   More research on this topic is needed, and the RCTs considered the 

gold standard of evidence are still ongoing to allow what would have been meaningful 

incorporation into this review. As such cautious interpretation of the findings of this 

systematic review is warranted.  

 

Conclusion 

There is inadequate evidence currently for the use of EEN in adult patients with Crohn’s 

disease. The limited evidence that exists suggests that there may be a significant role for pre-

operative EEN in downstaging disease by reducing inflammation, improving nutritional and 
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biochemical markers, reducing infectious post-operative complications and reducing stoma 

formation. Randomised controlled trials of EEN in comparison to standard care are required 

to understand what role EEN has in optimising outcomes for adult patients with Crohn’s 

disease for surgery.  

 

Acknowledgements  

Author Contributions: JGR, ARAA and CEG conceived and designed the review, AGD, JGR, RH, 

ARAA and CEG where involved in the acquisition and analysis of data. All authors were 

involved in the interpretation of the data, drafting, revising and approving the final version of 

the manuscript. CEG is the Guarantor for this article.  

Conflict of Interest: None declared for any author.  

Data availablility: The data underlying this article are available in the article and in its online 

supplementary material. 

Keywords: Crohn’s disease, surgical resection, enteral nutrition, complications, nutrition  

Funding: None 

  



 13 

 

References  

1.  NICE. Quality standards and indicators, Briefing paper: Inflammatory bowel disease. 

Quality standards and indicators Briefing paper. 2014.  

2.  Farmer RG, Whelan G, Fazio VW. Long-term follow-up of patients with Crohn’s 

disease. Relationship between the clinical pattern and prognosis. Gastroenterology. 

1985; 88 (6):1818-25 

DOI: 10.1016/0016-5085(85)90006-x 

3.  Bernell O,  Lapidus A, Hellers G. Risk factors for surgery and postoperative recurrence 

in Crohn’s disease. Annals of Surgery. 2000; 231 (1):38-45 

DOI: 10.1097/00000658-200001000-00006 

4.  Ghoneima AS, Flashman K, Dawe V, Baldwin E, Celentano V. High risk of septic 

complications following surgery for Crohn’s disease in patients with preoperative 

anaemia, hypoalbuminemia and high CRP. Int J Colorectal Dis. 2019;34(12): 2185-88 

DOI: 10.1007/s00384-019-03427-7 

5.  Post S, Herfarth C, Schumacher H, Golling M, Schürmann G, Timmermanns G. 

Experience with ileostomy and colostomy in Crohn’s disease. Br J Surg [Internet]. 

1995 Dec;82(12):1629–33.  

DOI: 10.1002/bjs.1800821213 

6.  Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher JC, Dias JA, Barabino A, 

Braegger CP, Bronsky J, Buderus S, Martin-de-Carpi J, De Ridder L, Fagerberg UL, 

Hugot JP, Kierkus J, Kolacek S, Koletzko S, Lionetti P, Miele E, Navas Lopez VM, 

Paerregaard A, Russell RK, Serban DE, Shaoul R, Van Rheenen P, Veereman G, Weiss 

B, Wilson D, Dignass A, Eliakim A, WInter H, Turner D. Consensus guidelines of 

https://doi.org/10.1016/0016-5085(85)90006-x
https://doi.org/10.1097/00000658-200001000-00006
https://doi.org/10.1007/s00384-019-03427-7
https://doi.org/10.1002/bjs.1800821213


 14 

ECCO/ESPGHAN on the medical management of pediatric Crohn’s disease. J Crohn’s 

Colitis. 2014;8(10):1179-207 

DOI: 10.1016/j.crohns.2014.04.005 

 

7.  Sandhu BK, Fell JME, Beattie RM, Mitton SG, Wilson DC, Jenkins H. Guidelines for the 

management of inflammatory bowel disease in children in the United Kingdom. J 

Pediatr Gastroenterol Nutr. 2010;50 Suppl 1:S1-13 

DOI: 10.1097/MPG.0b013e3181c92c53  

8.  Forbes A, Escher J, Hébuterne X, Kłęk S, Krznaric Z, Schneider S, Shamir R, Stardelova 

K, Wierdsma N, Wiskin A, Bischoff SC. ESPEN guideline: Clinical nutrition in 

inflammatory bowel disease. Clin Nutr. 2017;36(2):321-347. 

 DOI: 10.1016/j.clnu.2016.12.027 

9.  Mowat C, Cole A, Windsor A, Ahmad T, Arnott I, Driscoll R, Mitton S, Orchard T, 

Rutter M, Younge L, Lees C, Ho GT, Satsangi J, Bloom S.  Guidelines for the 

management of inflammatory bowel disease in adults. Gut 2011; 60 (5):571-607. 

DOI: 10.1136/gut.2010.224154 

10.  McDermott FD, Heeney A, Kelly ME, Steele RJ, Carlson GL, Winter DC. Systematic 

review of preoperative, intraoperative and postoperative risk factors for colorectal 

anastomotic leaks. British Journal of Surgery. 2015; 102(5):462-79.  

 DOI: 10.1002/bjs.9697 

 

11.  Ismael H, Horst M, Farooq M, Jordon J, Patton JH, Rubinfeld IS. Adverse effects of 

preoperative steroid use on surgical outcomes. Am J Surg. 2011;201(3)305-8. 

DOI: 10.1016/j.amjsurg.2010.09.018 

 

 

https://doi.org/10.1016/j.crohns.2014.04.005
https://doi.org/10.1097/mpg.0b013e3181c92c53
https://doi.org/10.1016/j.clnu.2016.12.027
https://doi.org/10.1136/gut.2010.224154
https://doi.org/10.1002/bjs.9697
https://doi.org/10.1016/j.amjsurg.2010.09.018


 15 

12.  Moher D, Liberati A, Tetzlaff J, Altman D. Preferred Reporting Items for Systematic 

Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(6): e1000097. PLoS 

Med. 2009;6 (7)(4).  

DOI: 10.1371/journal.pmed.1000097 

13.  Downs SH, Black N. The feasibility of creating a checklist for the assessment of the 

methodological quality both of randomised and non-randomised studies of health 

care interventions. J Epidemiol Community Health. 1998;52(6):377-84 

DOI: 10.1136/jech.52.6.377 

14.  Actrn. Efficacy of enteral nutrition in adult Ileal Crohn’s disease- the RICE study. 
 

http://www.who.int/trialsearch/Trial2.aspx?TrialID=ACTRN12616000251426 

 
15.  Costa Santos MP, Palmela C, Torres J, Ferreira A, Velho S, Glória L, Ouro S, GordonI, 

Cravo M. P521 Pre-operative enteral nutrition in adults with Crohn’s disease: effect 

on gut microbiota and disease outcomes. J Crohn’s Colitis. 2019; 13 (S1):S373 

https://doi.org/10.1093/ecco-jcc/jjy222.645 

 

16.  ACTRN12621000002886. Preoperative exclusive enteral nutrition versus usual care in 

Crohn’s disease. Cochrane Library 2021; 

https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02239207/full l 

17.  NCT04398836. Preoperative Nutrition for Crohn’s Disease Patients. 2020; Cochrane 

Library 

 https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02124849/full 

18.  Wang H, Zuo L, Zhao J, Dong J, Li Y, Gu L, Gong J, Liu Q, Zhu W. Impact of Preoperative 

Exclusive Enteral Nutrition on Postoperative Complications and Recurrence After 

Bowel Resection in Patients with Active Crohn’s Disease. World J Surg [Internet]. 

https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/jech.52.6.377


 16 

2016;40(8):1993–2000.  

DOI: 10.1007/s00268-016-3488-z 

19.  Yamamoto T, Nakahigashi M, Shimoyama T, Umegae S. Does preoperative enteral 

nutrition reduce the incidence of surgical complications in patients with Crohn’s 

disease? A case-matched study. Color Dis. 2019; 22(5):554-561 

DOI: 10.1111/codi.14922 

20.  Beaupel N, Brouquet A, Abdalla S, Carbonnel F, Penna C, Benoist S. Preoperative oral 

polymeric diet enriched with transforming growth factor-beta 2 (Modulen) could 

decrease postoperative morbidity after surgery for complicated ileocolonic Crohn’s 

disease. Scand J Gastroenterol [Internet]. 2017;52(1):5–10. 

DOI: 10.1080/00365521.2016.1221994 

21.  Ge X, Tang S, Yang X, Liu W, Ye L, Yu W, Xu H, Cao Q, Zhou W, Cai X. The role of 

exclusive enteral nutrition in the preoperative optimization of laparoscopic surgery 

for patients with Crohn’s disease: A cohort study. Int J Surg. 2019; 65:39-44 

DOI: 10.1016/j.ijsu.2019.03.012 

22.  Heerasing N, Thompson B, Hendy P, Heap GA, Walker G, Bethune R, Mansfield S, 

Calvert C, Kennedy NA, Ahmad T, Goodhand JR . Exclusive enteral nutrition provides 

an effective bridge to safer interval elective surgery for adults with Crohn’s disease. 

Aliment Pharmacol Ther. 2017; 45(5):660-669 

DOI: 10.1111/apt.13934 

23.  Li Y, Zuo L, Zhu W, Gong J, Zhang W, Gu L, Guo Z, Cao L, Li N, Li J. Role of exclusive 

enteral nutrition in the preoperative optimization of patients with Crohn’s disease 

following immunosuppressive therapy. Med (United States). 2015;94(5):e478. 

https://doi.org/10.1007/s00268-016-3488-z
https://doi.org/10.1111/codi.14922
https://doi.org/10.1080/00365521.2016.1221994
https://doi.org/10.1016/j.ijsu.2019.03.012
https://doi.org/10.1111/apt.13934


 17 

DOI: 10.1097/MD.0000000000000478  

24.  Grover Z, Muir R, Lewindon P. Exclusive enteral nutrition induces early clinical, 

mucosal and transmural remission in paediatric Crohn’s disease. J Gastroenterol. 

2014;49(4):638-45.  

DOI: 10.1007/s00535-013-0815-0 

25.  Li G, Ren J, Wang G, Hu D, Gu G, Liu S, Ren H, Wu X, Li J. Preoperative exclusive 

enteral nutrition reduces the postoperative septic complications of fistulizing Crohn’s 

disease. European Journal of Clinical nutrition 2014; 4 (68):441-446 

DOI: 10.1038/ejcn.2014.16 

  

 

https://doi.org/10.1097/md.0000000000000478
https://doi.org/10.1007/s00535-013-0815-0
https://doi.org/10.1038/ejcn.2014.16

	Elsevier (1) (1)
	Revised_Sys_Review_EEN_in_adult_Crohns_1_

