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Abstract

Background and Aims: Intestinal failure [IF] is a feared complication of Crohn’s disease [CD]. 
Although cumulative loss of small bowel due to bowel resections is thought to be the dominant 
cause, the causes and outcomes have not been reported.
Methods: Consecutive adult patients referred to a national intestinal failure unit over 2000–
2018 with a diagnosis of CD, and subsequently treated with parenteral nutrition during at least 
12 months, were included in this longitudinal cohort study. Data were extracted from a prospective 
institutional clinical database and patient records.
Results: A total of 121 patients were included. Of these, 62 [51%] of patients developed IF as 
a consequence of abdominal sepsis complicating abdominal surgery; small bowel resection, 
primary disease activity, and proximal stoma were less common causes [31%, 12%, and 6%, 
respectively]. Further, 32 had perianastomotic sepsis, and 15 of those had documented risk factors 
for anastomotic dehiscence. On Kaplan-Meier analysis, 40% of all patients regained nutritional 
autonomy within 10 years and none did subsequently; 14% of patients developed intestinal failure-
associated liver disease. On Kaplan-Meier analysis, projected mean age of death was 74 years.2

Conclusions: IF is a severe complication of CD, with 60% of patients permanently dependent 
on parenteral nutrition. The most frequent event leading directly to IF was a septic complication 
following abdominal surgery, in many cases following intestinal anastomosis in the presence of 
significant risk factors for anastomotic dehiscence. A  reduced need for abdominal surgery, an 
increased awareness of perioperative risk factors, and structured pre-operative optimisation may 
reduce the incidence of IF in CD.
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1.  Introduction

Intestinal failure [IF] is a feared complication of Crohn’s disease 
[CD].1 Intestinal failure is defined as a reduction of gut function 
below the minimum necessary for the absorption of macronutri-
ents, water, or electrolytes, such that parenteral supplementation is 
required.2 Recent reports from national intestinal failure units in the 

UK show that CD is the underlying disease in 30–32% of patients 
with long-term intestinal failure.3,4 Longitudinal data from Japan in-
dicate that the incidence of IF in CD is 8.5–18.2% during the first 
20 years after initial presentation.5,6

The mechanisms of IF in CD are poorly understood. Short bowel 
syndrome due to repeated small bowel resections is the mechanism 
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that is most prominently quoted in textbooks and current clinical 
guidelines.7–9 Bowel-sparing techniques such as strictureplasty and 
endoscopic balloon dilatation have been developed specifically in 
order to minimise loss of small bowel and reduce the risk of in-
testinal failure.10,11 However, although bowel-sparing techniques are 
undoubtedly important in intestinal surgery, there is no evidence that 
intestinal resection is the predominant mechanism of IF in CD. In 
contrast, in our previous smaller study we found that of 41 patients 
with IF secondary to CD, successive small bowel resection was the 
cause in only a minority [22%] of patients.12 In the majority [61%], 
IF developed as a direct consequence of abdominal septic complica-
tions to intestinal surgery.

Although novel therapies such as small bowel transplantation, 
intestinal lengthening surgery and intestinal growth factor therapy 
are appropriate in a minority of patients, the majority of people with 
long-term intestinal failure depend on lifelong parenteral nutrition 
for their survival. In order to minimise the risk for this life-altering 
complication, a better understanding of the mechanisms of IF in CD 
is required.

We therefore performed a detailed study of all consecutive pa-
tients admitted to our national intestinal failure unit with an 
underlying diagnosis of CD from the year 2000. Furthermore, we 
studied long-term outcomes, including nutritional autonomy and 
mortality, to characterise the prognosis of IF in CD.

2.  Materials and Methods

2.1.  Study cohort
Consecutive patients aged 16 years or older with CD, admitted to 
a national intestinal failure unit in England between January 2000 
and January 2018, were identified from a prospectively collected in-
stitutional database and included in this study. The current European 
Society for Clinical Nutrition and Metabolism [ESPEN] definition 
of IF was used.2 Patients with parenteral nutrition lasting less than 
12 months were excluded.

Details of intestinal failure management and outcomes until 
January 31, 2019, were collected. The majority of patients received 
a single-lumen tunnelled central venous catheter. Parenteral nu-
trition was administered either by the patients, their relatives, or 
trained nursing staff using a standardised protocol in accordance 
with ESPEN guidance.13 Most patients received overnight infusions 
during the minimum number of nights required to meet their nutri-
tional needs. Patients were encouraged to have oral nutrition when 
feasible. Parenteral lipids were delivered once or twice per week and 
lipid dosing was generally limited to 1 g/kg/day. In patients with dia-
betes, lipids were the main source of calories where required.

Patients were reviewed at least 6-monthly in clinic or by 
videolink. Patients in whom parenteral nutrition was discontinued 
were monitored for at least another 6 months. A small number of 
patients had two periods of IF lasting 12 months or more. In those 
patients, data for the first episode were recorded only, so that each 
patient was only entered once in the study.

2.2.  Data collection
The cohort was studied longitudinally. Data on demographics, 
anatomy, parenteral nutrition, and outcomes were collected from 
the prospective institutional intestinal failure database. The cause of 
IF was independently assessed in each case by two of three authors 
[EN, HK, and MS]. In each case, the cause which led directly to IF 
was identified. Disagreements were resolved by joint case review.

The following four direct causes were defined: disease activity, 
postoperative abdominal sepsis, uncomplicated bowel resection, and 
proximal stoma. Disease activity was considered the cause in pa-
tients who developed IF as a direct consequence to severe inflamma-
tory, stricturing, and/or penetrating Crohn’s disease. The other three 
main causes were all postoperative. Postoperative abdominal sepsis 
was considered the cause when postoperative abdominal or pelvic 
sepsis, or procedures required to treat such sepsis, resulted in IF. 
Three subcategories to abdominal sepsis were defined: postoperative 
sepsis related to a new bowel anastomosis; postoperative fistulation 
between bowel and skin or wound unrelated to an anastomosis; and 
postoperative abscess unrelated to an anastomosis.

Uncomplicated bowel resection was considered the cause of IF 
when IF developed after a bowel resection that, although uncom-
plicated, resulted in loss of absorptive function so that parenteral 
administration of fluids or nutrition was required. Proximal stoma 
was considered the cause when IF occurred after a stoma was fash-
ioned proximal to a significant amount of bowel, for example to 
protect multiple distal anastomoses and/or strictureplasties or when 
undiverted anastomosis was deemed unsafe due to risk factors for 
poor healing at the time of surgery.

The date of nutritional autonomy was defined as the date when 
regular parenteral nutrition was permanently stopped. Patients in 
whom parenteral nutrition was subsequently restarted were not con-
sidered nutritionally autonomous.

Reconstructive surgery was defined as elective abdominal sur-
gery at the Intestinal Failure Unit aiming to improve gut function. 
Intestinal failure-associated liver disease was defined as an increase 
to 1.5 times the upper limit of normal or more for >6 months of 
blood concentration levels of at least two of the three following 
measurements: alkaline phosphatase, gamma‐glutamyl transferase, 
and bilirubin.14 The Unit was alerted to all deaths occurring during 
the period of follow-up at Salford Royal Hospital. Deaths occurring 
subsequent to discharge from the hospital were not recorded, and 
hence these data were censored at date of discharge from follow-up.

2.3.  Statistical methods
Nominal and ordinal data are presented as proportions, and con-
tinuous data as means ± standard deviation [SD] or medians [range] 
as appropriate. Differences between groups in nominal or ordinal 
data were assessed by the chi square test. Differences between groups 
in continuous data were compared using one-way analysis of vari-
ance [ANOVA] with Tukey’s honestly significant difference [HSD] 
post-hoc tests when appropriate.

Time from diagnosis of CD and onset of IF was found to 
be log-normally distributed. These data were therefore log-
transformed prior to ANOVA. Statistical analysis was performed 
using the JMP software package [JMP 14.0 for Mac OS X, SAS, 
Cary, NC, USA].

Kaplan-Meier curves were generated for the incidence of nutri-
tional autonomy and death. The censoring date was January 31, 
2019. Simple and multivariable Cox regression analyses were per-
formed to identify factors associated with nutritional autonomy and 
death. Where data were missing for variables, analyses were under-
taken with data available and the number of missing data points 
was indicated.

Trends over time were analysed by comparing two time periods 
chosen to include an equal number of patients commenced on HPN 
over the 18-year period.

The STROBE guidelines for reporting of cohort studies were fol-
lowed [www.strobe-statement.org].
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3.  Results

3.1.  Patient characteristics
In all 121 patients [67 women and 54 men] were admitted be-
tween January 2000 and January 2018 with IF lasting more than 
12 months and a diagnosis of CD. The median [range] age at diag-
nosis of CD was 26 [7–85] years. Intestinal failure developed 14 
[0–50] years later at an age of 48 [16–86] years. The majority had an 
ileal stricturing phenotype at diagnosis of CD [Table 1].

Preceding the onset of IF, 101 patients [84%] had received cor-
ticosteroid therapy, 82 [69%] immunomodulator therapy, and 57 
[48%] biologic therapy; 118 [98%] patients had undergone abdom-
inal surgery for Crohn’s disease at some point prior to onset of IF, 
and three patients never had surgery for CD before IF. On admission, 
26 [21%] were current smokers, 31 [26%] previous smokers, and 64 
patients [53%] had never smoked.

3.2.  Causes of intestinal failure
3.2.1. Main mechanisms
In over half of patients with IF and Crohn’s disease, IF was caused by 
an abdominal septic complication to abdominal surgery [Table 2]. 
Uncomplicated bowel resection was the cause in less than one-third 
of IF cases. In a small number, proximal diversion caused IF and an-
other small group developed IF secondary to primary disease activity 
rather than a recent operation.

The interval between diagnosis of CD and IF onset differed be-
tween the aetiological groups [Table 2]. Patients who developed IF 
due to uncomplicated bowel resection did so after more than twice 
as long as patients who had a postoperative septic complication. 
Patients who developed IF due to primary disease activity had under-
gone the lowest number of abdominal operations before IF. Among 
all 121 patients, the median length of small bowel in continuity at 
onset of IF was 150 [12–400] cm, with patients who developed IF 
due to primary disease having the longest length of small bowel in 
continuity, although the range was wide in all four groups [Table 2].

Overall, 44 [36%] of patients had their colon in continuity at IF 
onset. By definition, none of the patients with a proximal diversion 
had their colon in continuity, and only a minority of patients with 
postoperative abdominal sepsis did so [Table 2]. None of the com-
ponents of the Montreal classification at diagnosis of CD differed 
between groups [data not shown].

3.2.2.  Groups with intestinal failure after surgery
Thus, in 107 patients [88%] IF followed immediately after an ab-
dominal operation. The operation that led to IF was elective in 
66/106 [62%] and emergency in 40/106 [38%] [missing data, n = 1].

Among the 62 patients with postoperative abdominal sepsis as 
the index event, sepsis occurred in relation to an anastomosis in 32, 
in 25 an enteric fistula, and in 5 an intra-abdominal abscess devel-
oped unrelated to an anastomosis.

Of the 32 patients with postoperative sepsis related to an anasto-
mosis, the anastomosis had been formed during an emergency pro-
cedure in 11 [34%]. Furthermore, at the time of surgery, ongoing 
corticosteroid therapy was documented in 12 of the 32 patients, 
anti-tumour necrosis factor [TNF] therapy in two patients, and 
immunomodulator therapy in three patients. Three patients had an 
intra-abdominal abscess documented at the time of formation of the 
anastomosis, and three had documented significant weight loss prior 
to surgery. Fifteen [47%] of the 32 patients with anastomosis-related 
sepsis had documentation of at least one of the risk factors of on-
going steroid therapy, anti-TNF therapy, intra-abdominal abscess, or 
significant preoperative weight loss.

3.3.  Outcomes of intestinal failure
The median duration of parenteral nutrition at data collection was 
4.5 [1–20] years. At the time of data collection, 40 of the 121 [33%] 
had regained nutritional autonomy [Figure 1]. A total of 52 patients 

Table 1. Phenotypic characteristics at diagnosis of Crohn’s disease 
in 121 people who later developed intestinal failure.

Number [%]

Age at diagnosis  
 A1 [≤16 years] 22 [19%]
 A2 [17–40 years] 63 [53%]
 A3 [>40 years] 33 [28%]
Location  
 L1 [ileal] 54 [46%]
 L2 [colonic] 25 [21%]
 L3 [ileo-colonic] 37 [31%]
 L4 [upper gastrointestinal] 2 [1%]
Behaviour  
 B1 [inflammatory] 33 [28%]
 B2 [stricturing] 63 [53%]
 B3 [penetrating] 22 [19%]

Table 2. Direct causes of intestinal failure [IF] in 121 people with Crohn’s disease [CD].

Primary disease Postoperative  
abdominal sepsis

Uncomplicated 
bowel resection

Proximal diversion p

Number [%] 14 [12] 62 [51] 38 [31] 7 [6]  
Gender [male:female] 8:6 29:33 13:25 4:3 0.37
Age at onset of IF [years] 48 [18–63] 43 [16–76] 49 [26–78] 52 [19–86] 0.33
Time from CD to IF [years] 13 [1–39] 10 [0–50]a 21 [1–47] 15 [1–41] 0.045
Operations prior to IF 2 [0–6]b,c 3 [1–8] 4 [1–7] 4 [1–5] 0.003
Small bowel length at IF [cm] 315 [150–400]d,e,f 135 [30–400] 120 [12–270] 120 [60–180] <0.0001
Colon in continuity at IF [%] 7 [50] 18 [29] 19 [50] 0 [0] 0.022

Medians [range]. All post-hoc Tukey’s HSD test.
ap = 0.0034 vs uncomplicated bowel resection.
bp = 0.0273 vs uncomplicated bowel resection.
cp = 0.0152 vs postoperative abdominal sepsis.
dp <0.0001 vs postoperative abdominal sepsis.
ep <0.0001 vs uncomplicated bowel resection.
fp <0.0001 vs proximal diversion. 
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underwent reconstructive surgery, 31 [60%] of whom had regained 
nutritional autonomy at data collection.

Of 69 patients who did not undergo reconstructive surgery, 
nine [13%] regained nutritional autonomy at data collection. On 
univariable analysis, no predictor of nutritional autonomy could be 
identified, such as cause of IF, small bowel length, or colon in con-
tinuity [data not shown].

On Kaplan-Meier analysis, 61% of operated patients and 22% of 
patients not operated upon regained nutritional autonomy 10 years 
after onset of IF, with no further patients after this time [Figure 1]. 
Overall, 40% of all 121 patients had regained nutritional autonomy 
after 10 years, on Kaplan-Meier analysis.

The cause of IF did not influence the likelihood of regaining nu-
tritional autonomy over time, on Kaplan-Meier analysis [Figure 2, 

p = 0.26]. More patients with proximal diversion appeared to regain 
autonomy, and more rapidly, than did patients with other aetiolo-
gies, but numbers were low [Figure 2].

Intestinal failure-associated liver disease developed in 17 [14%] 
patients. At the time of data collection, 81/121 [67%] had quiescent 
Crohn’s disease, 39/121 [32%] had disease requiring medical therapy, 
and one [1%] was awaiting surgery for complications to Crohn’s disease.

At the time of data collection, 21/121 [17%] patients were re-
ported deceased. Kaplan-Meier analysis showed a projected mean 
[SD] age of death of 74 [2] years [Figure 3].

3.4.  Trends over time
The median year of admission was 2011. Hence, an early period was 
defined as date of presentation between January 2000 and December 
2010 [n = 60], and a late period as dated from January 2011 until 
January 2018 [n = 61]. Treatment with steroids before onset of IF 
decreased between the early and late time periods [92% vs 77%, 
respectively, p = 0.024] and, conversely, the use of biologic agents 
increased [38% vs 57%, p = 0.044].

Intestinal failure occurred earlier in the disease process in the 
early vs the late period: 10 [0–50] vs 16.5 [1–47] years [p = 0.030]. 
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The direct cause of IF changed across the two time periods [p <0.001, 
Figure 4]. In particular, the proportion of patients who had IF due 
to postoperative abdominal sepsis decreased from the early to the 
late period [68% vs 34%], whereas the proportion of patients with 
primary disease activity and proximal stoma as the cause of IF in-
creased [3% vs 20% and 2% vs 10%, respectively].

The cumulative incidence of nutritional autonomy as assessed by 
Kaplan-Meier analysis did not differ between the time periods [p = 
0.59, Figure 5].

4.  Discussion

In this large, longitudinal cohort study, the mechanisms and 
long-term outcomes of intestinal failure in Crohn’s disease were 
studied for the first time. Intestinal failure can develop in Crohn’s 
disease through a number of mechanisms: cumulative loss of small 
bowel through multiple resections, enterocutaneous fistulation, and 
malabsorption are often mentioned, with multiple resections being 
the mechanism that is most prominently quoted in textbooks and 
current clinical guidelines.7–9

However, with the exception of our previous smaller study,12 
published studies of IF in CD have exclusively presented associations 
between baseline characteristics such as phenotype and the risk of 
developing IF.15–17 The mechanisms that led directly to IF have not 
been studied. An understanding of those mechanisms is necessary to 
develop strategies to lessen the risk of this life-altering complication.

In the present study, where the mechanism of IF was determined 
in 121 patients by detailed assessment of events in the referring 
centre, we demonstrated that in 51% of cases, the direct cause was 
abdominal sepsis complicating an abdominal operation. Intestinal 
resection was the direct cause in 31%. Primary disease activity and 
proximal diversion were less common direct causes. These findings 
confirm and expand upon those of our previous smaller study, where 
61% of cases were due to postoperative abdominal sepsis and 22% 
due to intestinal resections.12

In 32 of the 62 patients with postoperative abdominal sepsis, the 
source of sepsis was related to an intestinal anastomosis. In nearly 
half of those patients, at least one of the risk factors associated 
with an increased risk for anastomotic dehiscence was documented 
in available records. Those complications were concurrent steroid 

therapy, recent anti-TNF therapy, intra-abdominal abscess, or sig-
nificant preoperative weight loss. This finding may be an underesti-
mate, due to the retrospective nature of data retrieval.

Strategies to reduce postoperative abdominal sepsis may there-
fore be important to prevent IF in CD. Contemporary large observa-
tional studies suggest that the rate of abdominal septic complications 
in Crohn’s disease in current surgical practice is around 9–19%,18–20 
emphasising the need for such strategies. Postoperative abdominal 
sepsis often results from fashioning bowel anastomoses in the pres-
ence of risk factors for poor healing.21–26 The risk of anastomotic 
dehiscence in Crohn’s disease can be reduced either by structured 
preoperative optimisation targeting such risk factors,27–31 or avoiding 
an anastomosis if optimisation is not feasible.

The recognised risk factors that are targeted in preoperative op-
timisation include systemic steroid treatment, 19,21–23,32 recent weight 
loss,23,32 intraabdominal abscess,24–26 and smoking.32–34 Whether re-
cent administration of anti-tumour necrosis factor medication is as-
sociated with postoperative morbidity in Crohn’s disease is currently 
under investigation. The largest prospective study that has been pub-
lished found that anti-TNF exposure, after adjustment for disease se-
verity and other confounders, increased overall and intra-abdominal 
septic morbidity.25 The largest published meta-analysis similarly 
found increased overall and infectious morbidity in patients exposed 
to anti-TNF therapy, after adjustment for disease severity and other 
confounders.35 Based on best available evidence, therefore, recent ad-
ministration of anti-TNF agents was included as a risk factor in the 
present analysis. Additional studies are under way and will further 
define this risk.

When optimisation is not possible, we instead exteriorise the 
bowel as double-barrelled stoma, which entirely removes the risk of 
anastomotic dehiscence.36 Proximal diversion of a primary anasto-
mosis has also been described, reducing this risk by 55% in a large 
series.32

Thirty patients developed IF due to postoperative abdominal 
sepsis unrelated to an anastomosis, in most cases manifesting as 
an enterocutaneous or an entero-atmospheric fistula. Mechanisms 
were not further subclassified but included iatrogenic bowel injury, 
fistulation due to an open abdomen, and intraoperative contamin-
ation. Optimal surgical technique may reduce such complications. 
For example, adhesiolysis in dense adhesions is known to be asso-
ciated with inadvertent enterotomy, itself associated with increased 
morbidity and mortality,37,38 and we favour knife dissection in this 
situation.

On Kaplan-Meier analysis, 40% of patients regained nutri-
tional autonomy during long-term follow-up. As expected, patients 
who underwent surgery aiming to restore gastrointestinal continuity 
achieved nutritional autonomy to a much higher degree than patients 
who did not [60% vs 13%]. All patients who achieved nutritional 
autonomy did so by 10 years after onset of IF. Patients who weaned 
parenteral nutrition without surgery likely did so by a combination 
of intestinal and metabolic adaptation and dietary optimisation.39 
We were not able to identify factors associated with non-operative 
weaning, likely due to the low number of patients who did wean. In our 
30-year study of intestinal failure from all causes, 30% of people on 
long-term home parenteral nutrition achieved nutritional autonomy 
within 15 years, in line with the present findings in CD.3 In the fu-
ture, recently developed therapies including growth factor therapy,40,41 
intestinal lengthening surgery,42 and intestinal transplantation43–45may 
further improve the prognosis in IF associated with CD.

Some changes over the 18-year study period were observed. 
In particular, the proportion of postoperative abdominal sepsis as 
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a cause of IF appeared to decrease, whereas the use of proximal 
stomas appeared to increase. Increased specialisation of care for in-
flammatory bowel disease and greater awareness of perioperative 
risks in Crohn’s disease, with more judicious use of anastomosis, 
may be contributing factors.

The present study has unique strengths, including the largest 
published cohort of its kind and prospective and nearly complete 
follow-up, but some weaknesses are inherent in retrospective studies. 
Assessment of the most direct cause of IF was subjective, although 
bias was minimised by two investigators independently assessing 
each case. Another possible source of error was a lack of detail 
available on events occurring in each patient’s local hospital. This 
includes deaths occurring subsequent to discharge from follow-up 
at the Intestinal Failure Unit. In the wider context, this study cannot 
comment on the incidence of IF in CD, as the denominator [the 
prevalence of CD in the referring regions] is unknown. Similarly, 
trends in the incidence of IF could not be analysed. Larger longitu-
dinal cohort studies are needed to address these important issues.5,6

In conclusion, IF is a severe complication of CD, with 60% 
of patients permanently dependent on parenteral nutrition. The 
most frequent event leading directly to IF was a septic complica-
tion following abdominal surgery, rather than loss of small bowel 
due to multiple resections. In many cases, such sepsis followed in-
testinal anastomosis in the presence of significant risk factors for 
anastomotic dehiscence. A reduced need for abdominal surgery, an 
increased awareness of perioperative risk factors, and structured pre-
operative optimisation may reduce the incidence of IF in CD.

Funding
This work received no external financial support. The data were generated 
as part of the routine work of Irving National Intestinal Failure Unit, Salford 
Royal Hospital.

Conflict of Interest
The authors declare that there are no conflicts of interest.

Author Contributions
MS: concept and design, acquisition of data, analysis and interpretation, 
drafting or revising, final approval. HK: acquisition of data, analysis and inter-
pretation, drafting or revising, final approval. EM: acquisition of data, analysis 
and interpretation, drafting or revising, final approval. AT: concept and design, 
acquisition of data, drafting or revising, final approval. AA: concept and design, 
acquisition of data, drafting or revising, final approval. GC: concept and design, 
analysis and interpretation, drafting or revising, final approval. SL: concept and 
design, analysis and interpretation, drafting or revising, final approval.

References
 1. Scott  NA, Leinhardt  DJ, O’Hanrahan  T, Finnegan  S, Shaffer  JL, 

Irving  MH. Spectrum of intestinal failure in a specialised unit. Lancet 
1991;337:471–3.

 2. Pironi L, Arends J, Baxter J, et al.; Home Artificial Nutrition & Chronic 
Intestinal Failure; Acute Intestinal Failure Special Interest Groups of 
ESPEN. ESPEN endorsed recommendations. Definition and classification 
of intestinal failure in adults. Clin Nutr 2015;34:171–80.

 3. Dibb M, Soop M, Teubner A, et al. Survival and nutritional dependence 
on home parenteral nutrition: Three decades of experience from a single 
referral centre. Clin Nutr 2017;36:570–6.

 4. Lloyd DA, Vega R, Bassett P, Forbes A, Gabe SM. Survival and dependence 
on home parenteral nutrition: experience over a 25-year period in a UK 
referral centre. Aliment Pharmacol Ther 2006;24:1231–40.

 5. Watanabe K, Sasaki I, Fukushima K, et al. Long-term incidence and char-
acteristics of intestinal failure in Crohn’s disease: a multicenter study. J 
Gastroenterol 2014;49:231–8.

 6. Watanabe Y, Miyoshi N, Fujino S, et al. Cumulative inflammation could 
be a risk factor for intestinal failure in Crohn’s Disease. Dig Dis Sci 
2019;64:2280–5. Doi: 10.1007/s10620-019-05553-2.

 7. Bemelman  WA, Warusavitarne  J, Sampietro  GM, et  al. ECCO-ESCP 
Consensus on Surgery for Crohn’s Disease. J Crohns Colitis 2017;12:1–16.

 8. Lamb C. British Society of Gastroenterology consensus guidelines on the 
management of inflammatory bowel disease in adults. Gut 2019;68(Suppl 
3):s1–106.

 9. Nguyen GC, Loftus EV Jr, Hirano I, Falck-Ytter Y, Singh S, Sultan S; AGA 
Institute Clinical Guidelines Committee. American Gastroenterological 
Association Institute guideline on the management of Crohn’s disease after 
surgical resection. Gastroenterology 2017;152:271–5.

 10. Roy P, Kumar D. Strictureplasty. Br J Surg 2004;91:1428–37.
 11. Gustavsson  A, Magnuson  A, Blomberg  B, Andersson  M, Halfvarson  J, 

Tysk C. Endoscopic dilation is an efficacious and safe treatment of intestinal 
strictures in Crohn’s disease. Aliment Pharmacol Ther 2012;36:151–8.

 12. Agwunobi  AO, Carlson  GL, Anderson  ID, Irving  MH, Scott  NA. 
Mechanisms of intestinal failure in Crohn’s disease. Dis Colon Rectum 
2001;44:1834–7.

 13. Pironi L, Arends J, Bozzetti F, et al. ESPEN guidelines on chronic intestinal 
failure in adults. Clin Nutr 2016;35[2]:247–307. 

 14. Bond A, Huijbers A, Pironi L, Schneider SM, Wanten G, Lal S. Review 
article: diagnosis and management of intestinal failure-associated liver dis-
ease in adults. Aliment Pharmacol Ther 2019;50:640–53.

 15. Gearry RB, Kamm MA, Hart AL, Bassett P, Gabe SM, Nightingale  JM. 
Predictors for developing intestinal failure in patients with Crohn’s dis-
ease. J Gastroenterol Hepatol 2013;28:801–7. 

 16. Elriz K, Palascak-Juif V, Joly F, et al. Crohn’s disease patients with chronic 
intestinal failure receiving long-term parenteral nutrition: a cross-national 
adult study. Aliment Pharmacol Ther 2011;34:931–40.

 17. Uchino M, Ikeuchi H, Bando T, et al. Risk factors for short bowel syn-
drome in patients with Crohn’s disease. Surg Today 2012;42:447–52.

 18. European Society of Coloproctology Collaborating Group. Risk factors 
for unfavourable postoperative outcome in patients with Crohn’s disease 
undergoing right hemicolectomy or ileocaecal resection. An international 
audit by ESCP and S-ECCO. Colorectal Dis 2017;20:219–27. 

 19. Fumery M, Seksik P, Auzolle C, et al. Postoperative complications after 
ileocecal resection in Crohn’s disease: a prospective study from the 
REMIND Group. Am J Gastroenterol 2017;112:337–45. 

 20. Galata C, Kienle P, Weiß C, Seyfried S, Reißfelder C, Hardt J. Risk factors 
for early postoperative complications in patients with Crohn’s disease after 
colorectal surgery other than ileocecal resection or right hemicolectomy. 
Int J Colorectal Dis 2019;34:293–300. Doi: 10.1007/s00384-018-3196-2.

 21. Yamamoto T, Allan RN, Keighley MR. Risk factors for intra-abdominal 
sepsis after surgery in Crohn’s disease. Dis Colon Rectum 2000;43:1141–5.

 22. Tzivanakis  A, Singh  JC, Guy  RJ, Travis  SP, Mortensen  NJ, George  BD. 
Influence of risk factors on the safety of ileocolic anastomosis in Crohn’s 
disease surgery. Dis Colon Rectum 2012;55:558–62.

 23. Alves A, Panis Y, Bouhnik Y, Pocard M, Vicaut E, Valleur P. Risk factors 
for intra-abdominal septic complications after a first ileocecal resection for 
Crohn’s disease: a multivariate analysis in 161 consecutive patients. Dis 
Colon Rectum 2007;50:331–6.

 24. Huang W, Tang Y, Nong L, Sun Y. Risk factors for postoperative intra-
abdominal septic complications after surgery in Crohn’s disease: A meta-
analysis of observational studies. J Crohns Colitis 2015;9:293–301.

 25. Brouquet A, Maggiori L, Zerbib P, et al.; GETAID chirurgie group. Anti-
TNF therapy is associated with an increased risk of postoperative mor-
bidity after surgery for ileocolonic Crohn disease: results of a prospective 
nationwide cohort. Ann Surg 2018;267:221–8.

 26. Lau C, Dubinsky M, Melmed G, et al. The impact of preoperative serum 
anti-TNFα therapy levels on early postoperative outcomes in inflamma-
tory bowel disease surgery. Ann Surg 2015;261:487–96.

 27. Patel  KV, Darakhshan  AA, Griffin  N, Williams  AB, Sanderson  JD, 
Irving PM. Patient optimization for surgery relating to Crohn’s disease. 
Nat Rev Gastroenterol Hepatol 2016;13:707–19.

Causes and Prognosis of Intestinal Failure in Crohn’s Disease 1563

https://doi.org/10.1007/s10620-019-05553-2
https://doi.org/10.1007/s00384-018-3196-2


 28. Heerasing N, Thompson B, Hendy P, et al. Exclusive enteral nutrition pro-
vides an effective bridge to safer interval elective surgery for adults with 
Crohn’s disease. Aliment Pharmacol Ther 2017;45:660–9.

 29. Brennan GT, Ha I, Hogan C, et al. Does preoperative enteral or parenteral 
nutrition reduce postoperative complications in Crohn’s disease patients: 
a meta-analysis. Eur J Gastroenterol Hepatol 2018;30:997–1002.

 30. Li  Y, Zuo  L, Zhu  W, et  al. Role of exclusive enteral nutrition in the 
preoperative optimization of patients with Crohn’s disease following 
immunosuppressive therapy. Medicine 2015;94:e478. Doi: 10.1097/
md.0000000000000478.

 31. Ge  X, Tang  S, Yang  X, et  al. 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.

 32. Neary  PM, Aiello  AC, Stocchi  L, et  al. High-risk ileocolic anastomoses 
for Crohn’s disease: when is diversion indicated? J Crohns Colitis 
2019;13:856–63.

 33. Sørensen  LT, Jørgensen  T, Kirkeby  LT, Skovdal  J, Vennits  B, Wille-
Jørgensen P. Smoking and alcohol abuse are major risk factors for anasto-
motic leakage in colorectal surgery. Br J Surg 1999;86:927–31.

 34. Morar  PS, Hodgkinson  JD, Thalayasingam  S, et  al. Determining pre-
dictors for intra-abdominal septic complications following ileocolonic 
resection for Crohn’s disease—considerations in pre-operative and peri-
operative optimisation techniques to improve outcome. J Crohns Colitis 
2015;9:483–91. 

 35. Lin  Y, Cheng  S, Wang  Y, Chen  K, Fang  C, Chen  C. Systematic review 
with meta‐analysis: risk of post‐operative complications associated with 
pre‐operative exposure to anti‐tumour necrosis factor agents for Crohn’s 
disease. Aliment Pharmacol Ther 2019;49:966–77. 

 36. Myrelid P, Söderholm JD, Olaison G, Sjödahl R, Andersson P. Split stoma 
in resectional surgery of high-risk patients with ileocolonic Crohn’s dis-
ease. Colorectal Dis 2012;14:188–93.

 37. Van  Der  Krabben  AA, Dijkstra  FR, Nieuwenhuijzen  M, Reijnen  MM, 
Schaapveld M, Van Goor H. Morbidity and mortality of inadvertent en-
terotomy during adhesiotomy. Br J Surg 2000;87:467–71.

 38. ten Broek RP, Strik C, Issa Y, Bleichrodt RP, van Goor H. Adhesiolysis-
related morbidity in abdominal surgery. Ann Surg 2013;258:98–106.

 39. Rubin DC, Levin MS. Mechanisms of intestinal adaptation. Best Pract Res 
Clin Gastroenterol 2016;30:237–48.

 40. Kochar B, Long MD, Shelton E, et al. Safety and efficacy of teduglutide [Gattex] in 
patients with Crohn’s disease and need for parenteral support due to short bowel 
syndrome-associated intestinal failure. J Clin Gastroenterol 2016;51:1–511. 

 41. Bond A, Taylor M, Abraham A, et al. Examining the pathophysiology of 
short bowel syndrome and glucagon-like peptide 2 analogue suitability in 
chronic intestinal failure: experience from a national intestinal failure unit. 
Eur J Clin Nutr 2018;73:751–6. 

 42. Yannam  GR, Sudan  DL, Grant  W, Botha  J, Langnas  A, Thompson  JS. 
Intestinal lengthening in adult patients with short bowel syndrome. J 
Gastrointest Surg 2010;14:1931–6.

 43. Gerlach UA, Vrakas G, Reddy S, et al. Chronic intestinal failure after Crohn 
disease: when to perform transplantation. JAMA Surg 2014;149:1060–6.

 44. Rutter  CS, Amin  I, Russell  NK, Sharkey  LM, Butler  AJ, Middleton  SJ. 
Adult intestinal and multivisceral transplantation: experience from a 
single center in the United Kingdom. Transplant Proc 2016;48:468–72.

 45. Nyabanga C, Kochhar G, Costa G, Soliman B, Shen B, Abu-Elmagd K. 
Management of Crohn’s disease in the new era of gut rehabilitation and 
intestinal transplantation. Inflamm Bowel Dis 2016;22:1763–76.

1564 M. Soop et al.

https://doi.org/10.1097/md.0000000000000478
https://doi.org/10.1097/md.0000000000000478

