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Summary
Background: Low- quality evidence suggests that pre- operative exclusive enteral nu-
trition (E/EN) can improve postoperative outcomes in patients with Crohn's disease 
(CD). It is not standard practice in most centres.
Aims: To test the hypothesis that pre- operative EN in patients undergoing ileal/il-
eocolonic surgery for CD is associated with improved postoperative outcome.
Methods: We performed a single centre retrospective observational study com-
paring surgical outcomes in patients receiving pre- operative EN (≥600 kcal/day for 
≥2 weeks) with those who received no nutritional optimisation. Consecutive adult pa-
tients undergoing ileal/ileocolonic resection from 2008 to 2020 were included. The 
primary outcome was postoperative complications <30 days. Secondary outcomes 
included EN tolerance, specific surgical complications, unplanned stoma formation, 
length of stay, length of bowel resected, readmission and biochemical/anthropomet-
ric changes.
Results: 300 surgeries were included comprising 96 without nutritional optimisation 
and 204 optimised cases: oral EN n = 173, additional PN n = 31 (4 of whom had re-
ceived nasogastric/nasojejunal EN). 142/204 (69.6%) tolerated EN. 125/204 (61.3%) 
initiated EN in clinic. Patients in the optimised cohort were younger at operation 
and diagnosis, with an increased frequency of penetrating disease and exposure to 
antibiotics or biologics, and were more likely to undergo laparoscopic surgery. The 
optimised cohort had favourable outcomes on multivariate analysis: all complications 
[OR 0.29; 0.15– 0.57, p < 0.001], surgical complications [OR 0.41; 95% CI 0.20– 0.87, 
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1  | INTRODUC TION

Despite advances in medical therapy for Crohn's disease (CD), up to 
80% of patients require surgery during their lifetime with 20% requir-
ing re- operation after 5 years.1 Patients with CD are more likely to 
experience postoperative complications when compared to non- CD 
patients undergoing abdominal surgery.2 The reasons are multifac-
torial. Complex anatomy and the presence of disease complication 
(particularly intra- abdominal abscess),3 higher likelihood of needing 
emergency surgery4 and poor pre- operative nutritional state are as-
sociated with worse postoperative outcomes.5 Malnutrition is present 
in up to 85% of patients undergoing surgery for CD.6 Nutritional de-
ficiency in patients with CD undergoing surgery is similarly multifac-
torial; symptoms cause reduced oral intake and active inflammation 
reduces micronutrient absorption and increases catabolism.7

Exclusive enteral nutrition (EEN), entails provision of a patient's 
daily nutritional requirements with a liquid formula whilst excluding 
all other food and drink other than water. In addition to providing 
nutrition, it has been shown to induce and maintain remission in 
CD.8,9 Potential benefits of therapy are broad and include improved 
nutritional status,10 altered microbiome composition,11 induction of 
mucosal healing,12 altered levels of inflammatory proteins and pro- 
inflammatory cytokines,12,13 and corticosteroid withdrawal.9,14

Previous studies have investigated the use of EEN in the pre- 
operative setting. EEN has been shown to enable deferment or, oc-
casionally, complete avoidance of surgery, as well as a reduction in 
complications and stoma formation. Most such studies are, however, 
small.15– 23 Larger studies, where EEN has predominantly been delivered 
nasogastrically, show a reduction in the need for urgent surgery and re- 
operation along with reduced postoperative complications.14,24

Using our large cohort of patients undergoing surgery for CD, 
many of whom are treated with EEN or partial enteral nutrition (PEN) 
as standard care, we aimed to understand the tolerability of oral en-
teral nutrition (EN) and test the hypothesis that it is associated with 
reduced postoperative complications within 30- days.

2  | MATERIAL S AND METHODS

2.1 | Study design

We conducted a retrospective observational cohort study in a 
single tertiary IBD centre to evaluate the associations between 

pre- operative oral EN and postoperative complications. Adult pa-
tients with CD undergoing ileal or ileocolic resection or stricture-
plasty between September 2008 and March 2020 were included. 
Exclusion criteria included patients requiring emergency surgery for 
free gastrointestinal perforation or complete bowel obstruction, pa-
tients requiring parenteral nutrition (PN) from the outset or those 
with concomitant eating disorders.

Consecutive patients were identified from IBD- dietetic and sur-
gical databases, as well as from digital records. For the latter, op-
eration codes for the relevant procedures were cross- referenced 
with patients with a diagnosis of CD using a custom- built package 
(EndoMineR®) in R 3.6.1 [R Foundation for Statistical Computing, 
Vienna, Austria]. All variables and outcome data were extracted 
manually from electronic patient records.

2.2 | Definitions and data collection

All patients meeting the inclusion criteria and commencing pre- 
operative EN were assigned to the optimised group and included 
in an intention- to- treat (ITT) analysis (ITT cohort). Patients 
were defined as ‘EN tolerant’ if they achieved ≥600 kcal/day for 
≥2 weeks and did not require PN (henceforth described as the per 
protocol [PP] cohort), comprising both patients receiving EEN or 
PEN. EEN was defined as EN constituting at least 75% of the calcu-
lated nutritional requirements in the lead up to surgery. Any intake 
from a habitual diet was discouraged. PEN was defined as at least 
600 kcal/day of EN and up to 75% of the calculated nutritional re-
quirements of EN and supplemented with any form of the normal 
diet. All patients in the EN group were reviewed by a specialist IBD 
dietitian and had their nutritional requirements calculated based 
on Parenteral and Enteral Nutrition Group (PENG) handbook guid-
ance using Henry or Schofield equations with a stress factor or 
25- 35 kcal/kg/day and up to an additional 500 kcal/day where 
malnutrition was present.25 One or more of the following prod-
ucts was prescribed for oral use: Modulen IBD® [Nestle Health 
Science, UK]; Fortisip®, Complan®, Scandishake®, Elemental 028 
[Nutricia, UK]; Vital® [Abbott Nutrition, UK]. Patients who had 
completed the course of EEN, or where EEN was poorly tolerated, 
transitioned on to PEN prior to surgery. Patients failing oral EN 
were either given enteral feeding via nasogastric or nasojejunal 
(NG/J) tube or transferred onto parenteral nutrition (PN). Patients 
intolerant of EN, or where EN tolerance was not documented, 

p = 0.02], non- surgical complications [OR 0.24 95% CI 0.11– 0.52, p < 0.001], infective 
complications [OR 0.32; 95% CI 0.16– 0.66, p = 0.001].
Conclusions: Oral EN was reasonably well tolerated and associated with a reduction 
in 30- day postoperative complications. Randomised controlled trials are required to 
confirm these findings.
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were excluded from the PP analysis. All other patients comprised 
the non- optimised cohort and if they received any oral nutritional 
support it was less than 600 kcal/day of EN. The malnutrition uni-
versal screening tool (MUST) score was used to assess the risk of 
malnutrition at baseline. In- patients were regularly reviewed for 
tolerance and calorie intake. After discharge or where EN was 
initiated in out- patient clinics, patients were monitored in the IBD 
dietitian telephone clinic. Patients reported their weight and any 
issues with EN tolerance and compliance with prescribed EN vol-
ume were discussed and addressed. Any continuing issues with EN 
intake meant weekly review in the IBD dietitian telephone clinic 
and patients of concern were discussed in the weekly multidisci-
plinary team (MDT) meeting. Tolerance data was collected from 
clinic documentation or retrospectively at surgical admission.

Irrespective of nutritional management, patients receiving corti-
costeroids were weaned to the lowest possible dose pre- operatively. 
Micronutrient deficiencies were corrected. Patients with a phleg-
mon, abscess or where there was clinical concern with regards to 
CD- related infection, received antibiotics for 2– 6 weeks with ab-
scess drainage if amenable. Patients were recorded as receiving 
pre- operative biologic or immunomodulator therapy if these drugs 
were prescribed within 8 weeks of surgery. Pre- operative steroids 
(prednisolone ≥10 mg or equivalent) or antibiotics (prescribed for 
the indication of CD) are referred to a prescription within 4 weeks 
of surgery.

Data collected included demographics, disease location and 
phenotype (Montreal classification), smoking status, pre- operative 
medical therapy, nutritional optimisation, procedure data (proce-
dure performed, approach, time to procedure from acute hospital 
admission if relevant), and imaging findings (degree of pre- stenotic 
dilatation [PSD], presence of phlegmon or drainable/non- drainable 
abscess). Biochemical and anthropometric measurements before 
and after optimisation collected as part of routine care were also 
recorded.

2.3 | Outcomes

The primary outcome measure was 30- day postoperative complica-
tions including all complications, surgical complications, non- surgical 
complications (any medical complication occurring within 30- days 
postoperatively) and infective complications. Severity of postopera-
tive complication was classified as per the Clavien– Dindo classifica-
tion.26 Infections were clinically defined as any complication treated 
with antibiotics or Clavien– Dindo grade 1 wound infections. Where 
a patient experienced more than one complication, the most severe 
grade was selected for that patient.

Secondary outcomes included frequency of specific complica-
tions including prolonged ileus, wound infection and anastomotic 
complication (intra- abdominal septic complication, anastomotic leak 
or bleed or re- operation). In addition, the need for unplanned stoma 
formation, length of stay, readmission rates and length of small 
bowel resected were recorded.

Prolonged ileus was defined clinically as bowels not open and 
not tolerating oral diet ≥7 days +/− vomiting and the need for naso-
gastric decompression after excluding other intra- abdominal causes 
of symptoms. Anastomotic leak was suspected by the radiologist on 
cross- sectional imaging in the early postoperative period (day 1– 10) 
when: (i) significant volume of extraluminal fluid and/or gas was seen 
adjacent to the surgical anastomosis; (ii) extraluminal contrast was 
seen (in cases where oral contrast had been administered prior to 
the scan) or (iii) large volume pneumoperitoneum was seen in excess 
to that expected. Suspected anastomotic leaks proceeding to re- 
operation, where anastomotic leak was not found intra- operatively, 
were classed as re- operations. Postoperative abscess was defined as 
a rim enhancing fluid/gas containing collection within the abdomen/
pelvis in the early postoperative period.

The project was considered a review of clinical practice and eth-
ical approval was not required according to the guidelines of the UK 
Health Research Authority.27

2.4 | Statistical analysis

Chi- squared tests were used for comparing categorical variables, 
with Mann– Whitney U test or Student’s t- test used where applica-
ble for continuous variables. Wilcoxon signed- rank test was used to 
compare continuous paired variables. All continuous variables were 
analysed as such, except for: PSD which was categorised as a binary 
variable (<3 cm or ≥3 cm), as this has been identified as a clinically 
relevant cut- off for likelihood of requiring surgical intervention28; 
and MUST score (<2 or ≥2), where a score of ≥2 defines patients at 
high risk of malnutrition.29 Multivariate analysis (MVA) with binary 
logistic regression was performed to identify variables associated 
with primary and secondary outcome measures. Variables included 
in the MVA comprised those with p ≤ 0.10 on univariate analysis 
(UVA) or were predetermined variables with a proposed mechanistic 
association. Where data were missing, these cases were excluded 
from MVA. The odds ratio (OR) and 95% confidence intervals (CI) 
were calculated for each variable. Hypothesis testing was two- sided 
and a p- value ≤0.05 was considered significant. Statistical analysis 
was performed using SPSS 25.0 software (SPSS, Inc.).

3  | RESULTS

Three hundred procedures (ileal or ileocolic resection and/or stric-
tureplasty) performed in 293 patients between 2008 and 2020 
were included (Figure 1). Five cases refused EN from the outset 
and were allocated to the non- optimised group (one allergy con-
cern, three prior experience and declined, one not documented). 
EN was prescribed in 204 cases for a median 55 (42– 77) days 
(ITT cohort); 142/204 (69.6%) cases were confirmed to have tol-
erated ≥600 kcal/day for ≥2 weeks without requiring PN (PP co-
hort). Seven cases received <2 weeks EN and proceeded straight 
to surgery, 3 cases received <600 kcal/day for ≥2 weeks, 21 cases 
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received median 49 (40– 58) days EN but tolerance was not docu-
mented. The remaining 31 cases commenced PN for median 25 
(11– 29, 32– 37) days after a period of EN. Baseline characteristics 
of the PN group are shown in Supporting Information 1 and sug-
gest a more severe phenotype. The PN group comprised 4 cases 
who tolerated less than 2 weeks EN (range 8– 13 days) and 27 cases 
who received ≥2 weeks (range 20– 224 days). Two cases requiring 
PN were transferred from other units for tertiary assessment after 
a period of EN. Four cases trialling NG/NJ feeding after oral EN 
failure all subsequently received PN. All cases received PN in hos-
pital because the average delay in arranging home PN within our 
service is 1 month by which time the majority of patients had ei-
ther undergone, or were soon to undergo, surgery. Cases who re-
ceived ≥30 days of PN (13/31), compared with those who received 
a shorter duration (18/31), were more likely to have an abscess at 
baseline (8/13 [61.5%] vs 3/18 [16.7%], p = 0.01) and to have lost 
≥10% of their body weight in the preceding 3– 6 months (13/13 
[100%] vs 9/18 [50.0%], p = 0.002). The majority of patients in 
the ITT cohort (155/204, 76.0%) received ≥6 weeks of nutritional 
optimisation. 31/204 (15.2%) cases trialled two or more different 
nutritional drinks to maintain tolerance.

PP cases were optimised for median 59 (42– 80) days. Amongst 
the PP cohort, 125 cases received EEN for a median 55 (42– 72) 
days, accounting for 88.0% and 61.3% of PP and ITT cohorts, re-
spectively. Twenty of these transitioned to PEN (for median 56 [42– 
68] days) after completing the course of EEN (median 51 [38– 75] 
days). Seventeen cases received PEN for median 34 (20– 58) days. 
Four of these cases had intended PEN at the outset. These data were 
combined in the PP analysis. The majority of cases in the PP cohort 
received EN ≥6 weeks (115/142, 81.0%). The non- optimised cohort 

comprised 96 cases. Three hundred cases were therefore included 
in the ITT analysis and 238 cases were included in the PP analysis. 
Table 1 shows the baseline characteristics within each group. The 
frequency of missing data is shown in Supporting Information 2.

3.1 | Cohort comparisons

All operations were performed by one of four experienced IBD sur-
geons. The EN cohort underwent surgery on average 5 years later 
than the non- optimised cohort, reflecting a change in clinical prac-
tice in our centre.

Compared with the non- optimised cohort, the ITT cohort were 
younger at operation (median age [IQR] 34.9 [27.8– 44.2] years vs 
41.3 [32.5– 54.4] years, p≤0.01) and were younger at diagnosis 
(23.8 [18.2– 31.6] years vs 28.2 [18.8– 38.5] years, p = 0.002). The 
ITT cohort included fewer females (96/204, 47.1% vs 59/96, 61.5%, 
p = 0.02) and had an increased frequency of penetrating disease 
(115/204 [56.4%] vs 38/96 [39.6%], p = 0.007) and pre- operative 
abscess (41/204 [20.6%] vs (10/96 [10.4%], p = 0.03). They were 
also more likely to be receiving biologic therapy (112/204, 54.9% vs 
24/96, 25.0%, p < 0.001) and antibiotics (83/204 [40.7%] vs 20/96 
[20.8%], p≤0.01) and had a lower baseline serum albumin (ITT: 41.0 
[36.0– 44.0] g/L vs non- optimised 42.0 [39.0– 45.0] g/L).

Compared to the non- optimised cohort, patients in the ITT co-
hort were less likely to undergo open surgery (135/204, 66.2% vs 
76/96, 79.2.%, p = 0.02), despite no differences seen in the surgical 
procedure performed. A greater frequency of cases in the ITT co-
hort was admitted acutely to the hospital within 90- days of their 
procedure due to symptomatic surgical disease (ITT cohort 83/204 

F I G U R E  1   Patient disposition.
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[40.7%] vs non- optimised cohort 22/96 [22.9], p = 0.003). Despite 
this, a similar proportion proceeded to surgery within 4 weeks of 
an acute admission (ITT cohort 32/204 [15.7%] vs non- optimised 
cohort 18/96 [18.8%], p = 0.43). When this occurred, laparotomy 
was the most common approach and similar between the cohorts 
(ITT cohort 25/32 [78.1%] vs non- optimised 17/18 [94.4%] p = 0.13). 
For procedures performed beyond this time frame the overall fre-
quency of laparotomy was reduced and did not differ significantly 
(ITT cohort 110/172, 64.0% vs non- optimised cohort 59/78, 75.6%, 
p = 0.07).

The ITT and non- optimised groups had similar baseline biochem-
ical parameters, body mass index (BMI) and baseline MUST score, 
although ITT cases were more likely to have lost ≥10% of their body 
weight 3– 6 months pre- operatively compared to the non- optimised 
cohort (60/194 [30.9%] vs 8/48 [16.7%], respectively, p = 0.05). 
However, nearly 50% of the non- optimised cohort had missing data 
for this outcome. The proportion of cases taking steroids within 
4 weeks of surgery was similar (29/204, 14.2% vs 13/96, 13.5%, 
p = 0.45). However, ITT cases were more likely to have withdrawn 
steroids by the time of their operation (ongoing corticosteroids at 
surgical admission: ITT: 7/204, 3.4% vs non- optimised: 9/96, 9.4%, 
p = 0.03).

3.2 | Association between EN and postoperative 
complications

3.2.1 | Intention- to- treat analysis

The summary of outcome data is shown in Table 2. In the ITT uni-
variate analysis, the frequency of complications within 30 days post-
operatively was lower in the ITT cohort vs non- optimised group: all 
complications (49/204 [24.0%] vs 52/96 [54.2%]; p < 0.001), sur-
gical complications (37/204 [18.1%] vs 36/96 [37.5%], p < 0.001), 
non- surgical complications (24/204 [11.8%] vs 31/96 [32.3%], 
p < 0.001) and infective complications (27/204 [13.2%] vs 33 
[34.4%], p < 0.001). Specific non- surgical complications are shown in 
Supporting Information 3.

On UVA of secondary outcome measures comparing ITT and non- 
optimised cohorts, respectively, there were lower rates of wound 
infection (10/204 [4.9%] vs 14/96 [14.6%], p = 0.002) and prolonged 
ileus (13/204 [6.3%] vs 16/96 [16.6%], p = 0.005) but not anasto-
motic complications (p = 0.13). Reasons for re- operation are shown 
in Supporting Information 4. All patients requiring re- operation in 
the ITT cohort had received ≥6 weeks nutritional optimisation. There 
was no difference in the frequency of anastomotic leak, bleed or 
re- operation, nor were there differences in the frequency of over-
all (77/204 [37.7%] vs 33/96 [34.4%], p = 0.57) or unplanned stoma 
formation (ITT: 56/183 [30.6%] vs non- optimised: 27/90 [30.0%], 
p = 0.91) or length of small bowel resected (p = 0.92). Length of stay 
was similar (p = 0.06) but non- optimised patients were more likely 
to be re- admitted to hospital within 30 days postoperatively (11/204 
[5.4%] vs 14/96 [14.6%], p = 0.007).

Supporting Information 5 summarises the frequency of compli-
cations as per the Clavien– Dindo classification. There were fewer 
grade 1 and 2 complications in the ITT cohort (grade 1; 6/204 [2.9%] 
vs 12/96 [12.5%], p = 0.001 and grade 2; 33/204 [16.2%] vs 32/96 
[33.3%], p < 0.001). The frequency of complications grade 3 or 
greater was numerically higher in the ITT cohort but not statistically 
significant (10/204 [4.9%] vs 8/96 [8.3%], p = 0.24).

MVA were performed for all factors contributing to the pri-
mary outcome measure demonstrating a significant reduction in 
all outcomes in the ITT cohort with similar odds ratios as seen in 
the univariate analyses (Tables 2– 6: all complications [OR 0.29; 95% 
CI 0.15– 0.57, p < 0.001], surgical complications [OR 0.41; 95% CI 
0.20– 0.87, p = 0.02], non- surgical complications [OR 0.24; 95% CI 
0.11– 0.52, p < 0.001] and infective complications [OR 0.32 95% CI 
0.16– 0.66, p = 0.002]).

MVA was also performed on secondary outcome measures 
that were significant on UVA and demonstrated significant reduc-
tions in the rates of wound infection (OR 0.22; 95% CI 0.07– 0.74, 
p = 0.02), prolonged ileus (OR 0.33; 95% CI 0.12– 0.90, p = 0.03) 
and readmission (OR 0.32; 95% CI 0.11– 0.92, p = 0.03) [Supporting 
information 6– 8].

Given the high frequency of missing data in the non- optimised 
cohort with regards to baseline MUST score and raised BMI 
(≥25 kg/m2), separate MVAs were performed to adjust for these 
variables. Associations with factors contributing to the primary 
outcome (Tables 3– 6), wound infection and prolonged ileus were 
similar. However, readmission rates were non- significant (p = 0.20) 
[Supporting information 6– 8]. A baseline MUST score ≥2 was as-
sociated with increased rates of overall complications and surgical 
complications, whilst raised BMI ≥25 kg/m2 was associated with in-
creased rates of wound infection (p = 0.02).

3.2.2 | Per- protocol analysis

Per- protocol univariate analysis of all factors contributing to the 
primary outcome measure demonstrated similar results to the ITT 
analysis (Table 2). With regards to secondary outcomes, EN was as-
sociated with a reduced frequency of wound infection (p = 0.005), 
prolonged ileus (p = 0.03) and readmission (p = 0.01). Similar to the 
ITT analysis, no differences were seen with regards to unplanned 
stoma formation (p = 0.32), length of bowel resected (p = 0.96) or 
length of stay (p = 0.17). There was a numerical reduction in rates of 
abdominal collection and anastomotic complications but these were 
non- significance (both p = 0.06). Associations with the Clavien– 
Dindo complication grade were also similar to the ITT analysis 
(Supporting Information 5).

MVAs were performed for all factors contributing to the pri-
mary outcome measure demonstrating similar findings as in the 
ITT analysis except associations with surgical complications were 
non- significant (p = 0.055)[Supporting Information 9– 12]. With 
regards to the secondary outcomes (Supporting Information 13– 
15), the PP cohort experienced fewer wound infections (OR 0.25 
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TA B L E  2   Summary of primary and secondary outcome data

Outcome variable

Intention- to- 
treat cohort
(n = 204)

Per- protocol
cohort
(n = 142)

Non- optimised
cohort
(n = 6)

Univariate and multivariate analyses comparing ITT cohort and PP cohort vs 
non- optimised cohort

Univariate analysis Multivariate analysis

OR (95%CI) p- value OR (95%CI) p- value

Primary outcome Number of surgeries with outcome variable, %

All complications 49 (24.0) 0.27 (0.16– 0.45) <0.001 0.29 (0.15– 0.57) <0.001

31 (21.8) 52 (54.2) 0.23 (0.13– 0.42) <0.001 0.29 (0.13– 0.63) 0.002

Surgical 
complications

37 (18.1) 0.37 (0.21– 0.64) <0.001 0.41 (0.20– 0.87) 0.02

25 (17.6) 36 (37.5) 0.36 (0.20– 0.65) <0.001 0.46 (0.21– 1.02) 0.055

Non- surgical 
complications

24 (11.8) 0.28 (0.15– 0.51) <0.001 0.24 (0.11– 0.52) <0.001

13 (9.2) 31 (32.3) 0.21 (0.10– 0.43) <0.001 0.21 (0.08– 0.51) <0.001

Infective 
complications

27 (13.2) 0.29 (0.16– 0.52) <0.001 0.32 (0.16– 0.66) 0.002

16 (11.3) 33 (34.4) 0.24 (0.12– 0.47) <0.001 0.27 (0.11– 0.60) 0.001

Secondary outcome

Wound Infection 10 (4.9) 0.30 (0.13– 0.71) 0.002 0.22 (0.07– 0.74) 0.02

6 (4.2) 14 (14.6) 0.26 (0.10– 0.70) 0.005 0.25 (0.07– 0.92) 0.04

Prolonged ileus 13 (6.3) 0.34 (0.16– 0.74) 0.005 0.33 (0.12– 0.90) 0.03

11 (7.7) 16 (16.6) 0.38 (0.13– 1.09) 0.07 0.29 (0.09– 0.91) 0.03

Abdominal 
collection

14 (6.9) 0.45 (0.20– 1.03) 0.18

7 (4.9) 11 (11.5) 0.40 (0.15– 1.07) 0.06

Anastomotic leak 1 (0.5) 0.26 (0.02– 2.89) 0.24

0 (0.0) 1 (1.0) 0.99 (0.97– 1.01) 0.22

Anastomotic 
bleed

1 (0.5) 1.01 (0.99– 1.02) 0.49

1 (0.7) 0 (0.0) 1.01 (0.99– 1.02) 0.49

Re- operation 4 (2.0) 0.46 (0.11– 2.89) 0.27

3 (2.1) 4 (4.2) 0.49 (0.11– 2.27) 0.36

Intra- abdominal 
septic or 
anastomotic 
complication 
(collection, 
anastomotic 
leak, 
re- operation)

17 (8.3) 0.53 (0.25– 1.13) 0.13

10 (7.0) 14 (14.6) 0.44 (0.9– 1.05) 0.06

Unplanned stoma 56/183
(30.6)

1.03 (0.59– 1.78) 0.91

30/128 (23.4) 27/90 (30.0) 0.71 (0.39– 1.31) 0.28

Readmission 11 (5.4) 0.33 (0.15– 0.77) 0.007 0.32 (0.11– 0.92) 0.03

7 (5.5) 14 (14.6) 0.30 (0.12– 0.78) 0.01 0.21 (0.05– 0.91) 0.04

UVA B unstandardised B 
coefficient (95% CI), p 
value

MVA B  
unstandardised  
B coefficient  
(95% CI), p 
value

95% CI p value

Length of small 
bowel 
resected (cm)

14.0 (7.3– 22.6) 0.10 (−3.32 to 3.69), p = 0.92

13.0 (7.0– 23.0) 14.0 (7.5– 21.0) 0.21 (−3.79 to 4.23),
p = 0.91

Length of stay 
(days)

8.0 (6.0– 14.8) 1.93 (−0.08 to 7.43), p = 0.06

7.0 (5.0– 11.0) 10.0 (7.0– 13.0) −1.51 (−4.24 to 1.22),
p=0.28

Note: Bold value indicates statistical significance of p ≤ 0.05.
Abbreviations: CI, confidence interval; ITT, intention- to- treat; MVA, multivariable analysis; OR, odds ratio; PP, per- protocol; UVA, univariate analysis.
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95% CI 0.07– 0.92, p = 0.04) and rates of readmission (OR 0.21; 
95% CI 0.05– 0.91, p = 0.04) but rates of prolonged ileus were non- 
significant (p = 0.07).

Additional MVAs were again performed to adjust for base-
line MUST score and raised BMI (Supporting information 9– 15). 
Associations with factors contributing to the primary outcome 

TA B L E  3   All complications –  univariate and multivariate intention- to- treat analysis

ITT analysis: All complications ITT vs non- optimised cohort

Independent variables

Univariate analysis Multivariate analysis
Multivariate analysis
(Adjustment for MUST/BMI)

OR (95% CI) p- value OR (95% CI) p- value OR (95% CI) p- value

Female 0.93 (0.58– 1.50) 0.77

Age at operation 0.01 (0.008– 0.02) <0.001 1.03 (1.01– 1.06) 0.008 1.04 (1.01– 1.07) 0.02

Disease duration 0.01 (0.006– 0.02) <0.001 1.05 91.01– 1.09) 0.02 1.06 (1.01– 1.11) 0.01

L1 disease 0.87 (0.52– 1.47) 0.60

Penetrating disease 0.72 (0.45– 1.16) 0.18 1.24 (0.64– 2.37) 0.53 1.14 (0.51– 2.56) 0.75

Perianal disease 0.52 (0.28– 0.95) 0.03 0.41 (0.20– 0.88) 0.02 0.26 (0.10– 0.71) 0.008

UGI disease 1.24 (0.40– 3.90) 0.71

Index presentation 0.87 (0.26– 2.90) 0.82

Prior resection 1.74 (1.07– 2.82) 0.02 1.30 (0.67– 2.53) 0.44 0.91 (0.40– 2.10) 0.83

Disease requiring acute admission 
within 90 days pre- operatively

0.92 (0.55– 1.52) 0.73 1.04 (0.51– 2.13) 0.92 0.89 (0.36– 2.17) 0.79

Immunomodulator 0.82 (0.51– 1.33) 0.43 1.15 (0.62– 2.12) 0.66 1.42 (0.67– 3.03) 0.36

Biologic therapy 0.70 (0.43– 1.14) 0.16 1.29 (0.69– 2.42) 0.43 1.64 (0.77– 3.48) 0.20

≥2 prior biological therapies 0.64 (0.34– 1.18) 0.15

Corticosteroids <4 weeks 1.77 (0.92– 3.44) 0.09 2.01 (0.91– 4.42) 0.08 2.10 (0.86– 5.13) 0.10

Antibiotics 0.73 (0.44– 1.22) 0.23 1.16 (0.54– 2.47) 0.71 0.99 (0.40– 2.43) 0.97

Nutritional optimisation 0.27 (0.16– 0.45) <0.001 0.29 (0.15– 0.57) <0.001 0.19 (0.07– 0.45) <0.001

Laparoscopic 0.39 (0.21– 0.70) 0.001 0.81 (0.38– 1.73) 0.59 0.61 (0.25– 1.52) 0.29

Operation scheduled within four 
weeks of acute presentation

1.02 (0.54– 1.93) 0.96

PSD ≥3 cm 0.69 (0.42– 1.13) 0.14

Abscess 1.17 (0.63– 2.17) 0.63

IR drainage preoperatively 0.99 (0.29– 3.35) 0.98

Abscess drainage intra- operatively 8.17 (0.90– 74.04) 0.03 19.13 (1.71– 214.29) 0.02 19.07 (1.47– 248.26) 0.02

Surgeon 1 0.86 (0.49– 1.50) 0.60

Surgeon 2 0.85 (0.45– 1.58) 0.60

Surgeon 3 0.90 (0.55– 1.48) 0.68

Surgeon 4 2.12 (1.02– 4.40) 0.04 1.36 (0.55– 3.39) 0.50 0.51 (0.11– 2.34) 0.39

Ileocaecal resection 0.85 (0.52– 1.37) 0.49 0.88 (0.25– 3.12) 0.85 2.17 (0.50– 9.41) 0.30

Right hemicolectomy 1.11 (0.68– 1.83) 0.68 1.23 (0.38– 4.03) 0.73 2.59 (0.63– 10.72) 0.19

SB resection/SP 1.22 (0.72– 2.07) 0.46 1.28 (0.45– 3.64) 0.65 3.25 (0.95– 11.13) 0.06

Additional left colic resection 1.78 (0.63– 5.05) 0.27 1.83 (0.57– 5.90) 0.31 1.55 (0.34– 7.08) 0.58

Additional fistula excision 1.31 (0.69– 2.46) 0.41

Baseline MUST score ≥2 1.67 (0.96– 2.90) 0.07 3.22 (1.38– 7.53) 0.007

BMI ≥25 (kg/m2) 1.48 (0.82– 2.66) 0.19 1.68 (0.75– 3.73) 0.21

Note: Bold value indicates statistical significance of p ≤ 0.05.
Abbreviations: BMI, body mass index; CI, confidence interval; IR drainage, interventional radiology guided drainage; ITT, intention- to- treat; MUST, 
malnutrition universal screening tool; OR, odds ratio; PSD, pre- stenotic dilatation; SB, small bowel; SP, stricturoplasty; UGI, upper gastrointestinal 
disease.
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were similar. Rates of prolonged ileus were reduced (p = 0.03) 
whilst rates of wound infection (p = 0.06) and readmission 
(p = 0.22) were non- significant. Baseline MUST score was not 

associated with outcomes in this cohort but a BMI ≥25 kg/m2 
was associated with increased rates of surgical complications and 
wound infection.

TA B L E  4   Surgical Complications –  univariate and multivariate intention- to- treat analysis

ITT analysis: Surgical complications ITT vs non- optimised cohort

Independent variables

Univariate analysis Multivariate analysis
Multivariate analysis
(Adjustment for MUST/BMI)

OR (95% CI) p- value OR (95% CI) p- value OR (95% CI) p- value

Female 0.95 (0.56– 1.61) 0.85

Age at operation 0.005 (0.002– 0.008) 0.004 1.01 (0.99– 1.04) 0.30 1.001 (0.98– 1.04) 0.40

Disease duration 0.007 (0.002– 0.01) 0.006 1.04 (0.99– 1.08) 0.07 1.05 (0.99– 1.10) 0.07

L1 disease 0.74 (0.41– 1.34) 0.32

Penetrating disease 0.74 (0.43– 1.25) 0.26 1.06 (0.51– 2.22) 0.87 1.13 (0.48– 2.66) 0.77

Perianal disease 0.47 (0.23– 0.96) 0.03 0.36 (0.15– 0.89) 0.03 0.25 (0.008– 0.79) 0.02

UGI disease 2.01 (0.64– 6.36) 0.23

Index presentation 0.55 (0.12– 2.56) 0.44

Prior resection 1.46 (0.86– 2.47) 0.16 1.30 (0.62– 2.71) 0.49 1.11 (0.45– 2.74) 0.81

Disease requiring acute admission 
within 90 days pre- operatively

0.75 (0.42– 1.32) 0.32 0.86 (0.37– 1.98) 0.72 0.78 (0.30– 2.06) 0.62

Immunomodulator 0.77 (0.45– 1.30) 0.33 0.89 (0.45– 1.76) 0.73 0.93 (0.43– 2.03) 0.86

Biologic therapy 0.61 (0.35– 1.05) 0.07 1.08 (0.54– 2.15) 0.83 1.34 90.61– 2.95) 0.46

≥2 prior biological therapies 0.65 (0.32– 1.29) 0.21

Corticosteroids 2.45 (1.24– 4.86) 0.009 3.21 (1.39– 7.44) 0.007 3.58 (1.43– 8.98) 0.006

Antibiotics 0.66 (0.37– 1.17) 0.15 0.81 (0.34– 1.90) 0.62 0.67 (0.25– 1.76) 0.41

Nutritional optimisation 0.37 (0.21– 0.64) <0.001 0.41 (0.20– 0.87) 0.02 0.33 (0.13– 0.84) 0.02

Laparoscopic 0.65 90.36– 1.20) 0.17 1.24 (0.53– 2.90) 0.62 1.03 90.40– 2.70) 0.95

Operation scheduled within four 
weeks of acute presentation

0.74 (0.35– 1.57) 0.43

PSD ≥3 cm 0.49 (0.28– 0.87) 0.01 1.02 (0.99– 1.05) 0.25 0.46 (0.20– 1.05) 0.07

Abscess 1.32 (0.68– 2.59) 0.40

IR drainage pre- operatively 0.61 (0.13– 2.86) 0.53

Abscess drainage intra- operatively 13.10 (1.44– 119.17) 0.003 21.74 
(1.82– 259.95)

0.02 20.89 (1.59– 274.61) 0.02

Surgeon 1 0.83 (0.45– 1.55) 0.56

Surgeon 2 0.54 (0.25– 1.16) 0.11

Surgeon 3 1.20 (0.70– 2.06) 0.51

Surgeon 4 1.99 (0.92– 4.29) 0.07 1.48 (0.55– 3.99) 0.44 0.73 (0.17– 3.12) 0.67

Ileocaecal resection 0.80 (0.47– 1.36) 0.40 0.71 (0.18– 2.83) 0.63 1.34 (0.28– 6.33) 0.71

Right hemicolectomy 1.24 (0.72– 2.12) 0.45 1.03 (0.29– 3.70) 0.96 1.64 (0.38– 7.13) 0.51

SB resection/SP 1.15 (0.64– 2.05) 0.64 1.52 (0.50– 4.64) 0.46 2.81 (0.77– 10.32) 0.12

Additional left colic resection 2.90 (1.02– 8.31) 0.04 2.68 (0.77– 9.33) 0.12 2.66 (0.58– 12.22) 0.21

Additional fistula excision 1.30 (0.66– 2.58) 0.45

Baseline MUST score ≥2 1.34 (0.73– 2.45) 0.35 2.63 (1.03– 6.67) 0.04

BMI ≥25 (kg/m2) 1.96 (1.04– 3.66) 0.03 2.27 (0.98– 5.27) 0.06

Note: Bold value indicates statistical significance of p ≤ 0.05.
Abbreviations: BMI, body mass index; CI, confidence interval; IR drainage, interventional radiology guided drainage; ITT, intention- to- treat; MUST, 
malnutrition universal screening tool; OR, odds ratio; PSD, pre- stenotic dilatation; SB, small bowel; SP, stricturoplasty; UGI, upper gastrointestinal 
disease.
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3.2.3 | Postoperative complications in the PN cohort

There were fewer complications in the PN cohort when com-
pared to the non- optimised cohort (non- significant). Rates of 

non- surgical complications, infective complications and un-
planned stoma formation were significantly higher in the PN 
cohort when compared to the per- protocol cohort. (Supporting 
information 16).

TA B L E  5   Non- surgical complications –  univariate and multivariate intention- to- treat analysis

ITT analysis: Non- surgical complications ITT vs non- optimised

Independent variables

Univariate analysis Multivariate analysis

Multivariate analysis
(Adjustment for MUST/
BMI)

OR (95% CI) p- value OR (95% CI) p- value OR (95% CI) p- value

Female 0.15 (0.83– 2.74) 0.17

Age at operation 0.008 (0.005– 0.01) 0.001 1.04 (1.01– 1.07) 0.008 1.05 (1.02– 1.08) 0.003

Disease duration 0.009 (0.004– 0.01) <0.001 1.02 (0.99– 1.06) 0.23 1.02 (0.97– 1.06) 0.49

Disease distribution (ileal) 1.01 (0.54– 1.91) 0.97

Penetrating disease 0.99 (0.56– 1.89) 0.99 1.69 (0.78– 3.69) 0.19 1.38 (0.57– 3.36) 0.48

Perianal disease 0.55 (0.26– 1.19) 0.13 0.32 (0.12– 0.85) 0.02 0.33 (0.11– 1.01) 0.052

UGI disease 0.36 (0.05– 2.83) 0.31

Index presentation 1.36 (0.36– 5.10) 0.65

Prior resection 2.61 (1.42– 4.81) 0.002 2.10 (0.96– 4.57) 0.06 1.96 (0.77– 5.00) 0.16

Disease requiring acute admission within 
90 days pre- operatively

1.18 (0.65– 2.17) 0.58 1.13 (0.49– 2.61) 0.78 1.26 (0.55– 2.85) 0.59

Immunomodulator 0.87 (0.48– 1.56) 0.63 0.99 (0.48– 2.04) 0.99 2.40 (0.99– 5.81) 0.053

Biologic therapy 0.84 (0.47– 1.52) 0.56 1.95 (0.92– 4.13) 0.08 0.64 (0.22– 1.90) 0.42

≥2 prior biological therapies 0.56 (0.25– 1.26) 0.16

Corticosteroids 0.88 (0.37– 2.09) 0.76 0.58 (0.21– 1.63) 0.30 1.12 (0.42– 2.98) 0.82

Antibiotics 1.01 (0.55– 1.87) 0.97 1.43 (0.60– 3.41) 0.42 1.12 (0.42– 2.98) 0.82

Nutritional optimisation 0.28 (0.15– 0.51) <0.001 0.24 (0.11– 0.52) <0.001 0.21 (0.08– 0.51) <0.001

Laparoscopic 0.29 (0.13– 9.67) 0.002 0.70 (0.26– 1.85) 0.47 0.73 (0.25– 2.09) 0.55

Operation scheduled within four weeks 
of acute presentation

1.14 (0.53– 2.45) 0.74

PSD ≥3 cm 0.99 (0.55– 1.82) 0.99

Abscess 1.43 (0.69– 2.95) 0.33

IR drainage pre- operatively 1.51 (0.40– 5.78) 0.54

Abscess drainage intra- operatively 3.04 (0.50– 18.67) 0.21

Surgeon 1 1.09 (0.56– 2.11) 0.81

Surgeon 2 0.69 (0.31– 1.57) 0.38

Surgeon 3 0.96 (0.53– 1.76) 0.90

Surgeon 4 1.53 (0.65– 3.61) 0.33

Ileocaecal resection 1.10 (0.61– 1.98) 0.75

Right hemicolectomy 0.84 (0.45– 1.56) 0.58

SB resection/SP 1.32 (0.70– 2.48) 0.39

Additional left colic resection 0.67 (0.15– 3.07) 0.61

Additional fistula excision 1.80 (0.88– 3.68) 0.11

Stoma formed 2.48 (1.37– 4.48) 0.002 2.47 (1.16– 5.26) 0.02 2.25 (0.92– 5.48) 0.08

Baseline MUST score ≥2 2.33 (1.19– 4.54) 0.01 2.39 (0.92– 5.43) 0.08

BMI ≥25 (kg/m2) 0.53 (0.21– 1.38) 0.19 0.62 (0.24– 1.61) 0.33

Note: Bold value indicates statistical significance of p ≤ 0.05
Abbreviations: BMI, body mass index; CI, confidence interval; IR drainage, interventional radiology guided drainage; ITT, intention- to- treat; MUST, 
malnutrition universal screening tool; OR, odds ratio; PSD, pre- stenotic dilatation; SB, small bowel; SP, stricturoplasty; UGI, upper gastrointestinal disease.
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3.3 | Nutritional assessment

Compared to the non- optimised cohort, there were no differences in 
baseline BMI or MUST score in either the ITT or PP cohorts (Table 1). 

No changes in BMI were demonstrated after optimisation. In both 
optimised cohorts a significant proportion of patients had a reduc-
tion in their pre- operative MUST score after nutritional interven-
tion (ITT cohort: p < 0.0001). Comparison of BMI and MUST score 

TA B L E  6   Infective complications –  Univariate and multivariate intention- to- treat analysis

ITT analysis; Infective complications ITT vs non- optimised

Independent variables

Univariate analysis Multivariate analysis
Multivariate analysis
(Adjustment for MUST/BMI)

OR (95% CI) p- value OR (95% CI) p- value OR (95% CI) p- value

Female 1.53 90.86– 2.71) 0.15

Age at operation 0.004 (0.001– 0.007) 0.02 1.01 (0.99– 1.04) 0.28 1.02 (0.99– 1.04) 0.31

Disease duration 0.004 (– 0.001 to 0.08) 0.09 1.01 (0.97– 1.05) 0.58 1.01 (0.97– 1.05) 0.73

L1 disease 0.79 (0.42– 1.480) 0.45

Penetrating disease 0.68 (0.39– 1.20) 0.18 0.68 (0.33– 1.43) 0.31 0.76 (0.33– 1.76) 0.53

Perianal disease 0.73 (0.37– 1.47) 0.38 0.69 (0.28– 1.67) 0.40 0.71 (0.25– 1.99) 0.52

UGI disease 2.64 (0.83– 8.37) 0.09 3.57 (0.86– 14.91) 0.08 7.41 (1.52– 36.17) 0.01

Index presentation 0.72 (0.16– 3.33) 0.67

Prior resection 1.55 90.88– 2.73) 0.13 1.23 (0.58– 2.62) 0.59 1.25 (0.51– 3.08) 0.62

Disease requiring acute admission 
within 90 days pre- operatively

0.83 (0.45– 1.52) 0.55 0.87 (0.38– 1.97) 0.74 0.81 (0.32– 2.04) 0.66

Immunomodulator 0.82 (0.46– 1.44) 0.49 0.83 (0.42– 1.67) 0.60 0.93 (0.43– 2.03) 0.86

Biologic therapy 0.64 (0.36– 1.15) 0.13 1.02 (0.50– 2.06) 0.96 1.26 (0.56– 2.83) 0.59

≥2 prior biological therapies 0.67 (0.32– 1.41) 0.29

Corticosteroids 2.30 (1.13– 4.72) 0.02 2.53 (1.11– 5.77) 0.03 2.79 (1.16– 6.70) 0.02

Antibiotics 0.86 (0.47– 1.58) 0.63 1.27 (0.56– 2.92) 0.57 1.10 (0.43– 2.79) 0.84

Nutritional optimisation 0.29 (0.16– 0.52) <0.001 0.32 (0.16– 0.66) 0.002 0.26 (0.11– 0.60) 0.002

Laparoscopic 0.53 (0.27– 1.05) 0.07 0.77 (0.32– 1.86) 0.56 0.54 (0.20– 1.47) 0.23

Operation scheduled within four 
weeks of acute presentation

0.85 (0.39– 1.88) 0.70

PSD ≥3cm 0.60 (0.33– 1.08) 0.09 0.70 (0.34– 1.44) 0.33 0.74 (0.33– 1.68) 0.47

Abscess 1.62 (0.81– 3.23) 0.17

IR drainage pre- operatively 0.79 90.17– 3.72) 0.76

Abscess drainage intra- operatively 6.26 (1.02– 38.36) 0.02 8.47 (1.07– 66.85) 0.04 8.21 (0.94– 71.72) 0.06

Surgeon 1 1.07 (0.56– 2.04) 0.83

Surgeon 2 0.52 (0.22– 1.22) 0.13

Surgeon 3 1.08 (0.60– 1.94) 0.79

Surgeon 4 1.66 (0.72– 3.79) 0.23

Ileocaecal resection 0.90 (0.51– 1.60) 0.73 1.10 (0.26– 4.59) 0.90 1.41 (0.29– 6.79) 0.67

Right hemicolectomy 1.13 (0.63– 2.03) 0.67 1.15 (0.31– 4.27) 0.84 1.08 (0.24– 4.80) 0.92

SB resection/SP 1.13 (0.61– 2.10) 0.70 1.26 (0.41– 3.92) 0.69 1.75 (0.48– 6.39) 0.40

Additional left colic resection 2.09 (0.69– 6.36) 0.19 1.98 (0.54– 7.19) 0.30 1.38 (0.28– 6.78) 0.70

Additional fistula excision 1.19 (0.57– 2.50) 0.64

Baseline MUST score ≥2 1.53 (0.80– 2.92) 0.20 1.66 (0.71– 3.90) 0.24

BMI ≥25 (kg/m2) 1.57 (0.73– 3.39) 0.25 1.33 (0.57– 3.08) 0.51

Note: Bold value indicates statistical significance of p ≤ 0.05.
Abbreviations: BMI, body mass index; CI, confidence interval; IR drainage, interventional radiology guided drainage; ITT, intention- to- treat; MUST, 
malnutrition universal screening tool; OR, odds ratio; PSD, pre- stenotic dilatation; SB, small bowel; SP, stricturoplasty; UGI, upper gastrointestinal 
disease.
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between the cohorts was limited by significant missing data in the 
non- optimised cohort (Supporting Information 2).

Specific micronutrient deficiencies (when measured; approxi-
mately 40%– 50% of cases) occurred frequently across both cohorts; 
79/131 (60.8%) iron deficiency, 29/120 (24.2%) folate deficiency and 
30/124 (24.2%) B12 deficiency. No differences were observed be-
tween the cohorts (Supporting Information 17).

3.4 | Associations with postoperative 
biochemical parameters

Nutritional optimisation was associated with a significant in-
crease in serum albumin (p < 0.001) and a reduction in serum CRP 
(p < 0.001) in both the ITT and PP cohorts. Optimised patients had 
a significantly lower serum CRP than non- optimised patients pre- 
operatively (ITT 4.0 [1.0– 17.0] mg/L vs non- optimised 7.0 [4.0– 23.0] 
mg/L; p < 0.001.) Pre- operative serum albumin was similar in the ITT 
and non- optimised cohorts (p = 0.95). These trends persisted after 
excluding patients treated with antibiotics pre- operatively. Although 
serum albumin was similar at baseline in the PP and non- optimised 
cohorts, higher serum albumin levels were noted pre- operatively in 
the PP cohort (p = 0.05) (Table 7).

3.5 | EN duration and location of initiation

No differences were seen in the frequency of complications when 
comparing cases who received EEN (29/125, 21.6%) versus PEN 
(4/17, 23.5%), p = 0.99. The majority of cases were initiated in the 
out- patient setting (125/204, 61.3%). There was no association 
between place of initiation and frequency of the primary outcome 
(all complications; in- patient initiation 20/79 [25.3%] vs out- patient 
initiation 29/125 [23.2%], p = 0.73). In addition, we demonstrated 
no association between the complication rates and a specified 
duration of EN versus not meeting that duration target (≥2 weeks 
[p = 0.99], ≥4 weeks [p = 055] or ≥6 weeks [p = 0.82]; Supporting 
information 18).

3.6 | Predictors of EN intolerance

Thirty- nine (19.1%) cases met our criteria for EN intolerance: 31 
cases required PN, three tolerated <600 kcal/day and five tolerated ≤
2 weeks (two cases receiving <2 weeks EN were only initiated within 
2 weeks of surgery due to late appointment scheduling and were 
therefore excluded from the tolerance data). Baseline characteristics 
of patients tolerating EN, versus those who did not, were compared to 
identify predictors of EN failure and are shown in Table 8.

On MVA, the need for an acute admission pre- operatively 
(p < 0.001) and a baseline MUST score ≥2 (p = 0.01) were associated 
with EN failure; whilst initiation of EN as an in- patient (0.02) was 
associated with EN tolerance.

4  | DISCUSSION

We have demonstrated that pre- operative optimisation in patients 
with CD requiring surgery is associated with a reduction in 30- day 
postoperative complications and that oral EN can be achieved in a 
reasonable proportion of patients (69.6% EN, 61.3% EEN). Three 
systematic reviews have been published, all of which suggest 
the beneficial effect of nutritional optimisation pre- operatively. 
Grass et al deemed studies too heterogeneous to perform a meta- 
analysis30 and Rocha et al performed a systematic review including 
four studies but only 72/1024 patients received EEN orally. Lastly, 
Brennan et al31 included five studies, none received oral EEN and 
two of the included studies were published prior to 1990. The 
GETAID group have recently published data on the effects of pre- 
operative EN, but despite including only patients with severe mal-
nutrition (BMI < 18 kg/m2 or weight loss >10% body weight) the 
minimum requirement for nutrition was only 7 days.15

Despite 40.7% of cases requiring hospitalisation for their symp-
toms pre- operatively, only 15.2% required escalation to PN. Four 
patients trialling NG/NJ feeding all subsequently commenced PN, 
suggesting that in centres where specialist dietetic service provision 
is available, this strategy may have a low chance of success after fail-
ure of oral EN unless feeding distal to the surgical disease is feasible 
or where the main issue is palatability. Poor EEN adherence in the 
adult population is frequently reported.32 However, unlike Li et al,24 
we have shown that NG/NJ tube insertion was not required in our 
cohort and that the majority of patients can be managed in the out- 
patient setting. In addition, optimised patients were less likely to 
experience postoperative complications within 30- days of surgery 
irrespective of whether they required a period of PN. These were 
predominantly Clavien– Dindo grade 1– 2 complications. Associations 
of EN with length of stay and unplanned stoma formation were not 
demonstrated. We have also described changes in biochemical sta-
tus after nutritional optimisation.

Based on our analysis of EN tolerance, patients requiring ad-
mission for their disease pre- operatively, or those with a baseline 
MUST scores ≥2, should be carefully assessed and monitored for 
tolerance. Admission should be considered if EN has been initiated 
in the out- patient setting and there is clinical concern with regards 
to tolerance and/or the need for PN. The value of 600 kcal/day is, 
of course, arbitrary for defining tolerance. However, this cut off has 
been identified by ESPEN as the threshold at which normal food in-
take is compromised.33 In addition, evaluation of data for EN tol-
erance including all PEN cases as ‘failures’ yielded similar results 
(data not presented). Unfortunately, partial obstructive symptoms 
were difficult to define retrospectively; we, therefore, assessed for 
an association between PSD and EN failure which was found not 
to be significant. Amongst the biochemical parameters, a low serum 
albumin was most strongly correlated with EN intolerance but was 
non- significant on MVA (0.07). Whilst one third of cases in the 
highest- risk group (albumin<30 g/L) tolerated EN, 72.7% did not. In 
the context of malnutrition, continuous clinical reassessment is re-
quired to evaluate the need for PN. Interpreting the outcomes in the 
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PN cohort is challenging due to their small number and the fact that 
they represent a cohort with more severe features at baseline. These 
data highlight the need for further studies examining the outcomes 
of patients with IBD who receive perioperative PN.

Data regarding the effects of EN on stoma formation and length 
of stay are conflicting.16,19,34 Whilst we did not identify a reduction 
in the need for unplanned stoma formation and length of stay, we 
have demonstrated that EN is associated with steroid weaning and 

normalisation of biochemical parameters and enables deferment of 
surgery. These variables are inextricably linked to stoma formation 
and length of stay. Additionally, although overall rates of laparos-
copy were lower in the ITT cohort which may confound our data, 
the avoidance of urgent surgery was associated with an increased 
frequency of a laparoscopic approach, thus likely improving out-
comes indirectly. We believe that the benefit of EN, or lack thereof, 
with regards to these factors, should be investigated in a prospective 

TA B L E  8   Predictors of EN intolerance

Predictors of EN intolerance

Independent 
variables Tolerance (n = 142) Intolerance (n = 39)

Univariate analysis Multivariate analysis

OR (95% CI) p- value OR (95% CI) p- value

Female 66 (46.5) 18 (46.2) 0.99 (0.49– 2.01) 0.97

Age at operation 34.2 (27.8– 42.3) 34.5 (25.6– 52.0) 0.003 (– 0.002 to 0.008) 0.22

Disease duration 7.5 (2.3– 17.1) 9.5 (3.8– 21.0) 0.004 (– 0.002 to 0.01) 0.20

Disease location 
(ileal)

45 (31.7) 7 (17.9) 0.47 (0.19– 1.15) 0.09 0.52 (0.12– 2.19) 0.37

Penetrating disease 78 (54.9) 27 (69.2) 1.85 (0.87– 3.93) 0.11 1.70 (0.34– 8.,53) 0.52

Perianal disease 35 (24.6) 12 (30.8) 1.36 (0.62– 2.96) 0.44

UGI disease 8 (5.6) 1 (2.6) 0.44 (0.05– 3.640) 0.44

Index presentation 6 (4.2) 2 (5.1) 1.23 (0.24– 6.32) 0.81

Abscess 27 (19.0) 13 (33.3) 2.13 (0.97– 4.68) 0.06 0.84 (0.22– 3.18) 0.79

Prior resection 62 (43.7) 21 (53.8) 1.51 (0.74– 3.07) 0.26

Disease requiring 
acute admission 
within 90 days 
pre- operatively

41 (28.9) 36 (92.3) 29.56 (8.62– 101.38) <0.001 78.03 (9.76– 623.92) <0.001

Immunomodulator 80 (56.3) 16 (41.0) 0.54 (0.26– 1.11) 0.09 1.01 (0.30– 3.35) 0.99

Biologic therapy 79 (55.6) 20 (51.3) 0.84 (0.41– 1.71) 0.63

≥2 prior biological 
therapies

44 (31.0) 11 (28.2) 0.88 (0.40– 1.91) 0.74

Corticosteroids 18 (12.7) 8 (20.5) 1.78 (0.71– 4.47) 0.22

Antibiotics 53 (37.3) 26 (66.7) 3.36 (1.59– 7.09) 0.001 0.93 (0.19– 4.55) 0.93

PSD (cm) 2.8 (0.0– 3.8) 3.2 (0.0– 4.4) 0.01 (– 0.02 to 0.04) 0.43 0.91 (0.28– 2.94) 0.88

IR drainage 
pre- operatively

3 92.1) 2 (5.1) 2.51 (0.40– 15.54) 0.31

Baseline WCC (×109) 7.0 (5.8– 9.5) 7.5 (5.3– 9.6) 0.001 (– 0.02– 0.02) 0.95

Baseline Hb (g/L) 12.8 (117.0– 138.0) 119.0 
(108.0– 131.0)

– 0.003 (– 0.007 to 0.00) 0.054 1.02 (0.98– 1.06) 0.30

Baseline albumin 
(g/L)

42.0 (37.0– 45.0) 36.0 (30.0– 43.0) – 0.02 (– 0.03 to – 0.01) <0.001 0.91 (0.83– 1.01) 0.07

Baseline CRP (mg/L) 9.0 (2.0– 35.0) 20.0 (9.0– 48.0) 0.002 (0.001 to 0.004) 0.01 1.00 (0.99– 1.02) 0.64

Baseline MUST 
score ≥2

0 (0– 2) 2.5 (1.0– 4.0) 0.12 (0.09– 0.16) <0.001 5.10 (1.44– 18.11) 0.01

In- patient initiation 
of EN

49 (34.5) 24 (61.5) 3.04 (1.46– 6.31) 0.002 0.12 (0.02– 0.68) 0.02

Note: Bold value indicates statistical significance of p ≤ 0.05.
Abbreviations: CI, confidence interval; CI, confidence interval; CRP, C- reactive protein; EN, enteral nutrition; MUST, malnutrition universal screening 
tool; OR, odds ratio; OR, odds ratio; PN, parenteral nutrition; PSD, pre- stenotic dilatation; WCC, white cell count.
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trial. However, randomised- controlled trial (RCT) design and feasi-
bility are not without difficulty. For example, blinding is not possible 
and randomisation might only be considered ethical in patients with 
a normal nutritional assessment in whom complications are likely to 
be fewer.

In keeping with other studies, variables that were consistently 
associated with complications included age at operation, pre- 
operative corticosteroid use, disease duration and the presence of 
an abscess requiring drainage (rather than penetrating disease per 
se).3,34,35 We also found no clear association between postoper-
ative complications and pre- operative biological therapy.19,36 Pre- 
operative immunomodulator use was associated with increased 
rates of wound infection. Data are conflicting and a Cochrane re-
view is currently underway.37,38 Surprisingly, perianal disease was 
correlated with a reduced risk of complications which may reflect 
the benefits of more frequent biologic use in this cohort (63% 
[46/73] of cases with perianal disease were prescribed biological 
therapy versus 49.6% [90/227] of cases without perianal disease 
p = 0.003). The frequency of anastomotic leak (0.7%) and abdom-
inal collection (8.3%) were very low in our cohort when compared 
with other studies (4– 6% and 5– 27%) which may partly explain why 
our effect sizes were not as large as those reported by Heerasing 
et al (also conducted in a tertiary IBD centre).19,34 This may be 
related to how we defined anastomotic leak. The frequency of 
re- operation was nearer 3%. There were more women in the non- 
optimised cohort, the reasons for which are unclear. No consistent 
sex associations were noted.

The optimum duration of pre- operative EEN is unclear. Available 
data demonstrate that objective improvement in disease activity 
occurs as early as 2 weeks, whereas 4– 6 weeks may be optimal.10,39 
Although our PP cohort comprised patients who had received 
≥2 weeks EN, the majority of patients (115/142, 81.0%) received 
≥6 weeks. Other studies have prescribed EEN for between 1 and 
12 weeks with non- significant results demonstrated in two of three 
studies where the minimum duration of EN was <2 weeks.15,16,19,23,24 
Our study was not powered to detect differences in treatment du-
ration, nor to compare outcomes between PEN and EEN cohorts.

Our data have several limitations. The data are subject to biases 
inherent to single centre, retrospective observational studies al-
though data were collected uniformly from the same electronic pa-
tient records across both cohorts to reduce information bias. Major 
limitations include the imperfect matching between the cohorts 
and the frequency of missing data regarding baseline risk of mal-
nutrition, particularly in the non- optimised cohort, which reflects 
changing practices over time. We have performed MVA with sub-
group analyses which demonstrate similar trends. However, some 
variables have not been adjusted for and need to be considered 
when interpreting our results: smoking status, which is known to be 
associated with postoperative morbidity,40 was not included in the 
analysis due to inconsistent reporting; we also did not collect data 
regarding comorbidities or operating time which have been associ-
ated with worse outcomes.4,41 Nevertheless, the median age in the 
ITT and non- optimised cohorts was <45 years where the likelihood 

of multimorbidity is low.42 The provision of pre- operative EN as 
standard of care within our service was developed over time and 
therefore, at its inception, higher- risk patients may have been se-
lected for nutritional optimisation over lower- risk patients introduc-
ing bias. Additionally, EN tolerance data is subject to recall bias. The 
ITT cohort aims (albeit imperfectly) to address confounding by se-
verity with inclusion of patients who initiated EN but failed to reach 
nutritional targets.

Despite these limitations, to our knowledge, this is the largest 
reported cohort of patients with CD receiving oral pre- operative EN. 
In addition, we performed PP and ITT analyses with multivariable re-
gression to adjust for confounding. We have shown reasonable tol-
erability in a large (and mostly out- patient) cohort and demonstrate 
an association with a reduction in postoperative complications. 
RCTs are needed to assess the true effect sizes, optimum duration 
of treatment and to clarify whether effects are universal or whether 
certain subgroups should be targeted for treatment.
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