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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 [61%] 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.?
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.

Key Words: Intestinal failure; parenteral nutrition; surgery; optimisation

1. Introduction

Intestinal failure [IF] is a feared complication of Crohn’s disease

[CD].! Intestinal failure is defined as a reduction of gut function L o
.. . . 20 years after initial presentation.>
below the minimum necessary for the absorption of macronutri-

UK show that CD is the underlying disease in 30-32% of patients
with long-term intestinal failure.>* Longitudinal data from Japan in-
dicate that the incidence of IF in CD is 8.5-18.2% during the first

ents, water, or electrolytes, such that parenteral supplementation is
required.? Recent reports from national intestinal failure units in the

The mechanisms of IF in CD are poorly understood. Short bowel
syndrome due to repeated small bowel resections is the mechanism

© The Author(s) 2020. Published by Oxford University Press on behalf of European Crohn’s and Colitis Organisation. 1558
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:mattias.soop@ki.se?subject=

Causes and Prognosis of Intestinal Failure in Crohn’s Disease

1559

that is most prominently quoted in textbooks and current clinical
guidelines.”” 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.'®!" 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.'? 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.? 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.'> 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." 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.

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%]

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

Primary disease Postoperative Uncomplicated Proximal diversion P
abdominal sepsis bowel resection

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]* 21 [1-47] 15 [1-41] 0.045
Operations prior to IF 2 [0-6]> 3 [1-8] 4 [1-7] 4 [1-5] 0.003
Small bowel length at IF [cm] 315 [150-400]% 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.
2p = 0.0034 vs uncomplicated bowel resection.
*p = 0.0273 vs uncomplicated bowel resection.
p = 0.0152 vs postoperative abdominal sepsis.
dp <0.0001 vs postoperative abdominal sepsis.
p <0.0001 vs uncomplicated bowel resection.

p <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,
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Figure 1. Cumulative incidence of nutritional autonomy in 121 patients with
intestinal failure and Crohn'’s disease who did [red, n=52] and did not [blue,
n=68][missing data, n= 1] undergo reconstructive surgery; *p <0.0001.
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Figure 2. Cumulative incidence of nutritional autonomy in 121 patients
with intestinal failure and Crohn’s disease due to primary disease [n=14],
postoperative abdominal sepsis [n=62], uncomplicated bowel resection
[n=37], and proximal diversion [n=7][missing data, n=1]. Difference
between groups, p =0.26.

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 [ = 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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Figure 3. Cumulative survival in 121 patients with intestinal failure and
Crohn'’s disease.

50
Il Early
40 -
" Bl Late
8 304
kS
£ 204
=
Z
10
0_
[ R K X O N
o & O & > IR
& %@Q %290 @ Q‘%e %@Q %QQO @
R R

Figure 4. Direct causes of intestinal failure in 121 patients with Crohn's
disease during 2000-2010 [n=60] vs 2011-2018 [n=61]. Disease, primary
disease; sepsis, postoperative abdominal sepsis; resection, uncomplicated
resection; stoma, proximal stoma. Chi square test p <0.001.
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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.”

However, with the exception of our previous smaller study,'?
published studies of IF in CD have exclusively presented associations
between baseline characteristics such as phenotype and the risk of
developing IE.'5"'7 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.'?

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
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Figure 5. Cumulative incidence of nutritional autonomy in 121 patients with
intestinal failure and Crohn’s disease comparing patients admitted 2000-
2010 [early, n=60] vs 2011-2018 [late, n = 60][missing data, n=1]; p = 0.59.

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%,'%-2
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.?'-?* The risk of anastomotic
dehiscence in Crohn’s disease can be reduced either by structured
preoperative optimisation targeting such risk factors,?”=*! or avoiding
an anastomosis if optimisation is not feasible.

The recognised risk factors that are targeted in preoperative op-
timisation include systemic steroid treatment, >33 recent weight
loss,?**? intraabdominal abscess,**2¢ and smoking.??* 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.”> 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.? 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.’® Proximal diversion of a primary anasto-
mosis has also been described, reducing this risk by 55% in a large
series.®

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,”** 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.*
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.? In the fu-
ture, recently developed therapies including growth factor therapy,**#
intestinal lengthening surgery,* and intestinal transplantation***may
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.*®

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.
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