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Background: Intestinal failure (IF) is defined by a need for intravenous (IV) supplementation. Patients
may present with multiple morbidities, and IV treatments carry a risk for catheter-related complications.
Few studies described patient characteristics and clinical outcomes according to type of IF.
Methods: We consecutively included patients who were admitted to a newly established inpatient IF unit
(IFU) from 2013 through 2017. We evaluated patient characteristics and clinical outcomes of all patients’
first admission. Outcomes included IF classification, length of stay, central line-associated blood stream
infection (CLABSI), and discharge on home parenteral support (HPS). Follow-up was conducted six
months after discharge for mortality and the continued need for HPS.
Results: A total of 236 patients were evaluated, including 39 (17%) with type 1 IF, 123 (52%) with type 2 IF,
and 74 (31%) with type 3 IF. Of 91 who had a central venous catheter (CVC) on admission, CLABSI was
present in 11 (12%). The CLABSI occurrence during admission was 2 (1%) of 173 patients with a CVC. Mean
length of stay declined from mean 33 days (95% confidence interval (CI): 26.2e42.5) in 2013 to 15 days
(95% CI: 12.2e17.7) in 2017 (p < 0.0001). Undiagnosed comorbidity was revealed in 165 patients (70%)
with unchanged frequency during the study period (p ¼ 0.8). Sixty-seven (28%) patients were discharged
with HPS.
Conclusions: Inpatients with IF present with multiple morbidities. CLABSI should be investigated on
admission. A low inpatient CLABSI rate may be achieved through the implementation of a specialised IFU.
© 2020 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Intestinal failure (IF) is defined as “the reduction of gut function
below the minimum necessary for the absorption of macronutri-
ents and/or water and electrolytes, such that intravenous (IV)
supplementation is required tomaintain health and/or growth” [1].
Although lifesaving, IV treatments carry significant risks such as
those for catheter-related infections and venous thromboembo-
lisms (VTE) [2e6].
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Patients with IF may present with multiple morbidities and they
may require individually customised treatments during admission.
In 2015, the European Society of Clinical Nutrition and Metabolism
(ESPEN) endorsed an updated set of IF definitions and classifica-
tions. The functional classification divides IF into three subtypes.
Type 1 IF is an acute, relatively common, often self-limiting con-
dition, requiring only short-term parenteral support (PS) [7e9].
Type 2 IF is a prolonged acute condition in metabolically unstable
patients, requiring multi-disciplinary care and PS over periods of
weeks or months [1,10]. Type 3 IF is a chronic condition in meta-
bolically stable patients who require PS over months or years [1,11].
The pathophysiological classification consists of five major causes
of IF. These include short bowel syndrome (SBS), enterocutaneous
fistula (ECF), intestinal dysmotility, mechanical obstruction, and
small bowel mucosal disease [1]. Finally, the clinical classification
of chronic intestinal failure (CIF) is based on the mean energy
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Abbreviations

AUH Aarhus University Hospital
BSI blood stream infection
CDI Clostridium difficile infection
CIF chronic intestinal failure
CLABSI central line-associated bloodstream infection
CoNS coagulase-negative staphylococci
COPD chronic obstructive pulmonary disease
CRBSI catheter-related bloodstream infection
CVC central venous catheter
DVT deep vein thrombosis
ECF enterocutaneous fistula
EN/OR enteral or oral
ESPEN European Society of Clinical Nutrition and

Metabolism
FUO fever of unknown origin
GI gastrointestinal
HPN home parenteral nutrition
HOS high output stoma
HPS home parenteral support
IBD inflammatory bowel disease

IF intestinal failure
IFU intestinal failure unit
IV intravenous
LFT liver function test
LTx liver transplant
NG nasogastric tube
NJ nasojejunal tube
PE pulmonary embolism
PEG percutaneous endoscopic gastrostomy tube
PEGJ percutaneous endoscopic gastrojejunostomy tube
PICC peripherally inserted central catheter
PS parenteral support
SBS short bowel syndrome
SIBO small intestine bacterial overgrowth
SNAP Sepsis-Nutrition-Anatomy-Plan
SSI surgical site infection
TB Mycobacterium tuberculosis infection
UTI urinary tract infection
VTE venous thromboembolism
QoL quality of life
WHO World Health Organization
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requirements and the volume of IV supplementation. The classifi-
cations are dynamic in nature, and patients may migrate between
categories. We need updated information regarding clinical pre-
sentations, outcomes, and the migration between categories to
meet the diagnostic and therapeutic challenges that patients with
IF present [10].

Catheter-related infections and monitoring of catheter sepsis
rates are key outcome and benchmarking variables for an IF unit
(IFU) performance. Catheter sepsis may be defined as either
catheter-related bloodstream infection (CRBSI) or central line-
associated bloodstream infection (CLABSI), and these terms are
often used interchangeably [12]. Depending on the chosen defini-
tion, the sensitivity ranges from 72 to 96% in observational studies
[6,13,14]. Both definitions require clinical signs of systemic infec-
tion. CRBSI requires laboratory evidence that the catheter is the
source, using either quantitative or semiquantitative catheter cul-
tures, quantitative paired blood cultures, or differential time to
positivity of paired blood cultures. On the other hand, the use of
CLABSI does not require direct microbiological evidence of line
contamination to verify the catheter as the source, but merely a
central line in situ for more than 48 h, laboratory-confirmed blood
stream infection (BSI) in qualitative peripheral blood cultures, and
no evidence of another infectious site [12,13,15]. While CRBSI may
accurately identify patients with definite catheter sepsis, the use of
CLABSI is pragmatic and readily applicable in most settings.

The aimof thepresent studywas toevaluate a consecutive cohort
of patientswith IF during theirfirst admission to a newlyestablished
dedicated IFU. Specifically, we aimed to evaluate patient character-
istics, catheter sepsis rates, clinical outcomes, length of stay, and to
demonstrate the ESPEN-endorsed template of definitions and clas-
sificationsof IF. Afterdischarge, a 6-month follow-upwasperformed
to review post-admission mortality and HPS dependency.

2. Materials and methods

2.1. Study design and cohort

This study was a single-centre observational cohort study con-
ducted at Aarhus University Hospital (AUH), Denmark. After
establishment of an IFU within the university hospital ward for
gastroenterology, we consecutively included adult patients referred
with IF on their first admission from 1 January 2013 to 31 December
2017 (Fig. 1). Follow-up 6 months after discharge was carried out in
all patients.

For the purpose of data analysis, a research database was
established for prospective patient inclusion, using the research
data capture software REDCap (www.redcap.au.dk). Using the pa-
tients’ medical records, outcome categorisation and collection of
supplementary data was carried out retrospectively.
2.2. Classifications

All patients admitted during the study period were classified
retrospectively according to the ESPEN endorsed IF classifications
[1]. Although primarily applicable to CIF [1], all patients were cat-
egorised according to the clinical classification on admission.
Regarding pathophysiology, all patients were classified according to
the main pathophysiological cause, and thus no combinations were
specified (Fig. 2). For patients admitted more than 14 days, the
mean energy (kcal/kg body weight) and fluid volume (ml) was
calculated during the first and the last admission week to allow
examination of migrations in IV fluid and calorie dependencies
during admission.
2.3. Intravenous catheter-related infection and venous
thromboembolism

The diagnosis of catheter-related infection was based on
CLABSI criteria. To exclude other foci, urinary dipstick test and
chest X-ray were performed. In attempt to avoid overestimation
of the true catheter infection rate, a committee with two IF
physicians was established to determine whether or not a spe-
cific case of bacteraemia could be classified as a CLABSI. Using
medical records and microbiological findings, both had to agree
on the diagnosis. VTE registration was based on the combined
presence of medical reports, dedicated medical imaging such as
angiography or ultrasound, and initiation of anticoagulant
therapy.

http://www.redcap.au.dk


Fig. 1. Flowchart of 236 consecutive patients in a university hospital intestinal failure unit. Patients were primarily referred from medical and surgical gastroenterological
departments.

Fig. 2. Functional (A) and pathophysiological (B) classification of consecutive patients with intestinal failure admitted from 2013 through 2017 to a university hospital intestinal
failure unit.
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2.4. Clinical outcome measures

Outcome variables included IF classifications, comorbidities,
length of stay, and dependency of PS following discharge. New-
diagnosed comorbidities included clinical disease entities that
caused medical treatment, CLABSI rates, and catheter-related VTE
rates. Change in mean length of stay was used to examine time to
establishment of an effective IFU. Regarding treatment outcomes,
two scenarios were investigated. On discharge, it was considered a
success if patients who received PS on admission could be weaned
off and discharged without HPS. Conversely, we evaluated if pa-
tients admitted on an EN/OR regimen were established on HPS.
Outcomes with great interindividual variations included small
bowel length [11,16]. The residual bowel anatomy was surgically
measured as length (cm) from the ligament of Treitz or as sub-
tractions of resected small bowel based on the presumption of a
normal small bowel length of 300 cm. Accordingly, “complete small
bowel” was set to 300 cm in order to allow comparisons.

2.5. Statistical analysis

Statistical analysis was performed on patient characteristics and
clinical outcomes. Continuous, nonparametric data were presented
as medians with interquartile ranges (IQR) and ranges and were
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evaluated using theWilcoxon rank-sum test. Numerical, parametric
datawere presented as means plus-minus standard deviations (SD)
and ranges and were evaluated using the one-sample t-test. Fre-
quency distribution of dichotomous variables were presented as
numbers with percentages. Categorical data were analysed using a
one-way ANOVA followed by Tukey's multiple comparisons test,
with a single pooled variance. These were plotted as means with
95% CI when reporting the length of stay outcomes. Categorial, non-
paired data were evaluated for significance using Fisher's exact test
for < 5 observations or Chi-squared test for > 5 observations. A
KruskaleWallis test was applied for multiple comparisons. P-values
below 0.05 were considered statistically significant. All statistical
analyses were performed using GraphPad Prism version 8.0.1 (145)
for Mac (GraphPad Software, La Jolla California USA, www.
graphpad.com) and STATA version 15 for Mac (StataCorp. 2017.
Stata Statistical Software: Release 15. College Station, TX: StataCorp
LLC).
2.6. Ethics statement

The IF database was established as part of a clinical quality
improvement programme. The database was approved by and
fulfilled the requirements of the Danish Data Protection Agency
(jr.no. 2012-58-006). Because this was a quality improvement
study, no formal Ethics Committee approval was required accord-
ing to Danish law, and the Head of the department approved the
protocol.
3. Results

3.1. Patient characteristics

In total, 236 adult patients were admitted during the 5-year
study period and comprised 133 females (56%) and had a median
age of 61 years (IQR 46e71 years; range 16e90 years) with no
major deviations within functional IF type (Table 1). An overview of
the enrolment is provided in Fig. 1. The median Charlson comor-
bidity score was 2 (IQR 0e4; range 0e11), and the mean WHO
performance score was 1.9 (SD 0.9).

On admission, 23 (59%) patients with type 1 IF presented with
surgically altered bowel anatomy, and 10 (28%) had an ileostomy or
a jejunostomy. One (10%) presented with a high-output stoma
(HOS) defined as a stoma output of >2000 mL/d [17]. Among pa-
tients with type 2 IF, 77 (63%) had been subject to one or more
gastrointestinal (GI) surgeries, dominated by small bowel resection
(n ¼ 58) and colectomy/large bowel resection (n ¼ 40). In total, 50
(41%) had an ileostomy or a jejunostomy. Of these, 21 (42%) had a
stoma output � 2000 mL/d while 14 (28%) presented as HOSs. The
stoma output in the remaining 15 patients (30%) was not docu-
mented on admission. In patients with an ileostomy or a jejunos-
tomy, the median small bowel length was 280 cm (IQR
248e300 cm; range 110e590 cm), and most patients received
antisecretory treatments in accordance with recommended HOS
treatment guidance [18]. In comparison, 42 (57%) patients with
type 3 CIF had undergone bowel surgery prior to admission, 40
(54%) had a small intestine stoma, and 14 of these (35%) presented
as a HOS.

During admission, 21 (72%) of all patients who presented with a
HOS were successfully weaned off HPS and were discharged
without HPS and an ileostomy or jejunostomy output� 2000mL/d.
Fourteen (48%) of 29 patients who initially presented with a HOS or
where a HOS developed during admissionwere discharged on HPS.
3.2. Cohort classification according to ESPEN criteria

Among 236 adult patients admitted from 2013 through 2017, 39
(17%) had type 1 IF, 123 (52%) had type 2 IF, and 74 (31%) had type 3
IF (Fig. 2A). Acute type 1 IFwas caused bymedical conditions (44%),
surgical complications (21%), inflammatory bowel disease (IBD)
(21%), ischaemia (10%), or cancer (5%). According to pathophysi-
ology, 16 (41%) patients had SBS defined as a remaining small bowel
in continuity of less than 200 cm [1]. Intestinal dysmotility was
seen in 11 (28%) and 10 (26%) had small bowel mucosal disease.
Two (5%) had type 1 IF due to mechanical obstruction and none had
ECF.

Metabolically unstable type 2 IF was caused by medical condi-
tions (28%), surgical sequelae (26%), IBD (23%), malignancy (18%), or
vascular ischaemia (5%). Pathophysiological causes included SBS in
72 (59%), small bowel mucosal disease in 22 (18%), dysmotility in 21
(17%), and mechanical obstruction in 7 patients (6%). One patient
had ECF (1%).

Type 3 CIF occurred due to cancer (26%), IBD (26%), medical
conditions (24%), surgical complications (19%), or ischaemia (5%).
When categorised according to pathophysiology, 45 patients (61%)
had SBS. Intestinal dysmotility caused IF in 9 patients (12%) and 7
(9%) was due to mechanical obstruction. Seven (9%) had small
bowel mucosal disease and 6 (8%) had ECF. The non-stratified
pathophysiological classification is given in Fig. 2B.

To examine migrations in IV volume and energy requirements
during admission, patients were categorised according to their
clinical presentation (Table 2). All 236 patients were assessed on
admission, and the 149 (63%) patients who were admitted 14 days
or longer were evaluated during admission. On admission, 53 (23%)
patients were placed in the maximum energy and/or volume
category (A4-D4, 1D-4D), including 4 patients with type 1 IF, 27
with type 2 IF, and 22 with type 3 CIF. Of these, 3 patients with type
2 IF and 2 with type 3 CIF received >3000 mL fluid/d and >20 kcal/
kg/d (D4). Fifteen (6%) required >3000 mL/d regardless of energy
supplementation (A4-D4). Conversely, 43 patients (18%) required
>20 kcal/kg/d (1D-4D), comprising 20 with type 2 IF and 20 with
type 3 CIF. During the first admission week, the proportion of
maximum energy and/or volume receivers dropped to 35 patients
(A4-D4, 1D-4D), consisting of 16 with type 2 IF and 19 with type 3
CIF. In total, 87 (37%) were admitted <14 days, including 34 patients
with type 1 IF, 34 with type 2 IF, and 19 with type 3 CIF, most of
whom received low volume/no IV energy (A1). Of the remaining
149 patients, 9 (6%) required maximum volume (A4-D4) and 27
(18%) maximum energy therapy alone (1D-4D).

During the last week of admission, 28 patients received high
energy and/or volume which was 47% less than on admission (A4-
D4, 1D-4D), comprising 1 with type 1 IF, 9 with type 2 IF, and 18
patients with type 3 CIF. The number of maximum volume (A4-D4)
and energy therapy receivers (1D-4D) decreased by 73% (n¼ 4) and
35% (n ¼ 28) throughout admission, respectively. Compared with
the first admissionweek, the number of no energy/low volume (A1)
patients increased by 89%, suggesting that a high proportion of
patients could successfully be weaned off PS during admission.
3.3. Clinical outcomes during admission

Undiagnosed comorbidity was revealed in 165 patients (70%)
during admission (Table 3) with no statistically significant time-
trend (range 63e75%; p ¼ 0.8, ANOVA). The identification of new
organ-specific pathology was more frequent in patients with type 2
or 3 IF than in patients with type 1 IF, particularly with regard to
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Table 1
Baseline characteristics of 236 patients admitted to a university hospital intestinal failure unit, including characteristics stratified by functional IF type.

All patients (n ¼ 236) Type 1 (n ¼ 39) Type 2 (n ¼ 123) Type 3 (n ¼ 74)

Female gender, n (%) 133 (56%) 25 (64%) 66 (54%) 42 (57%)
Age, y, median (IQR), range 61 (46e71), 16-90 59 (41e71), 22-82 65 (47e72),17-90 56 (48e69), 16-86
BMI, kg/m2, mean (SD), range 20.9 ± 5.0, 11.8e40.5 21.0 ± 5.1, 15.3e36.3 21.1 ± 5.4, 11.9e40.5 20.6 ± 4.2, 11.8e32.8
Marital status, n (%)
Living alone 38 (16%) 6 (15%) 21 (17%) 11 (15%)
Living with partner 142 (60%) 21 (54%) 72 (58%) 49 (66%)
Unknown 56 (24%) 12 (31%) 30 (24%) 14 (19%)

Alcohol consumption per day, n (%)
<14/7 (male/female) 204 (86%) 30 (77%) 108 (88%) 66 (89%)
�14/7 (male/female) 12 (5%) 4 (10%) 7 (6%) 1 (1%)
Unknown 20 (8%) 5 (13%) 8 (7%) 7 (9%)

Smoking, n (%)
Never 88 (37%) 15 (38%) 48 (39%) 25 (34%)
Former 80 (34%) 6 (15%) 44 (36%) 30 (41%)
Current 56 (24%) 16 (41%) 26 (21%) 14 (19%)
Unknown 12 (5%) 2 (5%) 5 (4%) 5 (7%)

WHO performance score, mean (SD),
range

1.9 ± 0.9, 0-4 1.5 ± 0.8, 0-4 2.0 ± 1.0, 0-4 1.9 ± 0.9, 0-4

Charlson comorbidity score, median
(IQR), range

2 (0.3e4.0), 0-11 1 (0e2.0), 0-7 2 (1.0e5.0), 0-11 2 (1.0e5.0), 0-9

Stoma type, n (%)
Ileostomy or jejunostomy 100 (42%) 10 (28%) 50 (41%) 40 (54%)
Colostomy 17 (7%) 2 (6%) 5 (4%) 10 (14%)
Gastrostomy 34 (14%) 3 (8%) 18 (15%) 13 (18%)

Small bowel length in patients with
ileostomy or jejunostomy, cm,
median (IQR), range

280 (220e300), 60-590 300 (244e300), 130-320 280 (248e300), 110-590 278 (204e300), 60-300

Antisecretory treatments in patients with ileostomy or jejunostomy (ever), n (%)
Loperamide 93 (93%) 9 (90%) 48 (96%) 36 (90%)
Codeine 49 (49%) 3 (30%) 26 (52%) 20 (50%)
Pantoprazole 98 (98%) 10 (100%) 48 (96%) 40 (100%)

Max dose of antisecretory treatment (ever), mg/d, median (IQR), range
Loperamide 32 (20e40), 4-200 24 (12e32), 6-48 32 (20e40), 6-200 32 (21e42), 4-160
Codeine 75 (16e120), 5-300 100 (5e300), 5-300 75 (24e120), 10-270 55 (11e115), 5-240
Pantoprazole 80 (80-80), 40-120 80 (70e80), 40-80 80 (80-80), 40-80 80 (80-80), 40-120

Stoma output volume, mL/d, median
(IQR), range

1795 (1000e2625), 0e7345 1839 (1010e2050), 350e2110 1950 (1200e2775), 120e5700 1550 (638e2595), 0e7345

Time since stoma formation, w, median (IQR), range
Ileostomy or jejunostomy 6 (3e20), 1e2300 11 (4e90), 1-1121 5 (3e18), 1e2300 7 (3e27), 1-1393
Colostomy 41 (9e243), 3-966 48 (11e107), 3-811 232 (8e859), 6-966 19 (3e34), 3-34

Bowel anatomy, n (%)
Never resected 94 (40%) 16 (41%) 46 (37%) 32 (43%)
Upper GI surgery 17 (7%) 2 (5%) 9 (7%) 6 (8%)
Small bowel resection 100 (42%) 15 (38%) 58 (47%) 27 (36%)
Colectomy/large bowel resection 77 (33%) 11 (28%) 40 (33%) 26 (35%)
Central venous catheter, n (%) 91 (39%) 6 (15%) 42 (34%) 43 (58%)

Central venous catheter type, n (%)
Non-tunneled CVC 32 (35%) 2 (33%) 19 (45%) 11 (26%)
Tunneled CVC/Hickmann 7 (8%) 0 (0%) 0 (0%) 7 (16%)
PICC 39 (43%) 4 (67%) 20 (48%) 15 (35%)
VIP 13 (14%) 0 (0%) 3 (7%) 10 (23%)

Feeding tubes, n (%)
Nasogastric (NG) 14 (6%) 0 (0%) 4 (3%) 10 (14%)
Nasojejunal (NJ) 8 (3%) 1 (3%) 5 (4%) 2 (3%)
PEG 11 (5%) 2 (5%) 6 (5%) 3 (4%)
PEGJ 3 (1%) 0 (0%) 3 (2%) 0 (0%)

Abbreviations: BMI, body mass index (missing values, n ¼ 1); CVC, Central venous catheter; WHO, World Health Organization; GI, gastrointestinal; PEG, percutaneous
endoscopic gastrostomy tube; PEGJ, percutaneous endoscopic gastrojejunostomy tube; PICC, peripherally inserted central catheter; VIP, vascular injection port.
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hepatobiliary or pancreatic, catheter-related, and pulmonary pa-
thology (Table 3).

Of 91 who had a central venous catheter (CVC) on admission,
initial examination on admission revealed the presence of CLABSI
in 11 (12.1%) patients. These developed in 7 non-tunnelled CVCs
and 4 peripherally inserted central catheters (PICC), belonging to 8
patients with type 2 IF and 3 with type 3 CIF, respectively. During
the first admission, 173 patients had a CVC placed, and 2 (1.2%)
developed CLABSI (Fig. 5), comprising 1 patient with type 2 IF and 1
with type 3 CIF having a PICC-line. These occurred during a total of
4084 catheter days, revealing a CLABSI rate of 0.49 per 1000
catheter days during admission. Commonly isolated pathogens are
shown in Fig. 5 and included coagulase-negative staphylococci
(CoNS), Enterobacteriaceae and Candida spp.

Four CVC carriers (2%) had one or more VTEs, one of which was
self-inflicted in relation to a borderline personality disorder with
self-mutilating behaviour. Excluding the latter, the VTEs developed
in 1 PICC-line, 1 non-tunnelled CVC, and 1 tunnelled Hickmann
catheter. Two VTEs occurred in patients with type 3 CIF and 1
developed in a patient with type 2 IF, resulting in an overall
catheter-related VTE rate of 0.7 per 1000 catheter days.



Table 2
On the basis of requirements for energy (rows) and volume (columns) of intravenous
supplementation, 236 consecutive patients were classified on admission according
to ESPEN clinical classification. During the first and last admission week, 149 pa-
tients were evaluated.

IV energy supplementation
(kcal/kg Body Weight)

Volume of IV supplementation (mL)

�1000
[1]

1001-2000
[2]

2001-3000
[3]

>3000
[4]

On admission (n ¼ 236)
0 (A) 132 13 7 7
1e10 (B) 14 2 0 0
11e20 (C) 11 4 0 3
>20 (D) 30 3 5 5

First week of admission (n ¼ 149)
0 (A) 27 9 1 1
1e10 (B) 25 6 3 2
11e20 (C) 24 15 4 5
>20 (D) 18 4 4 1

Last week of admission (n ¼ 149)
0 (A) 51 9 1 0
1-10 (B) 39 6 0 0
11-20 (C) 9 4 2 0
>20 (D) 18 3 3 4
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The migration of fluid and nutrition dependency during the
patients’ first admission included both patients who were weaned
off PS and patients who did not receive PS on admission and
commenced PS (Fig. 3). On admission, 134 (57%) were admitted
with PS, consisting of 17 patients with type 1 IF, 69 with type 2 IF,
and 48 with type 3 CIF. The remaining 102 patients (43%) were EN/
OR supported, including 22 with type 1 IF, 54 with type 2 IF, and 26
patients with type 3 CIF. During admission, a total of 82 patients
Table 3
New comorbidities diagnosed during the first admission of 236 consecutive patients a
functional IF type. Main pathology categories were evaluated for significance using Fishe

All patients (n ¼ 236)

Hepatobiliary or pancreatic pathology, n (%) 45 (19.1)
Steatosis hepatis 6 (2.5)
Stones (gallbladder, bile duct, kidneya) 13 (5.5)
Cysts (hepatic, renalb) 4 (1.7)
Elevated LFTc 16 (6.9)
Ascites 14 (5.9)
Hepatobiliary tumour (cancer, polyps, dysplasia 5 (2.1)
Pancreatic insufficiency 2 (0.8)
Pancreatic atrophy 2 (0.8)

Catheter-related pathology, n (%) 28 (11.9)
CLABSI 13 (5.5)
Catheter colonisation (non-CLABSI) 14 (4.9)
Exit site infection 4 (1.7)
VTE 4 (1.7)

GI pathology, n (%) 94 (39.8)
Stenosis (pyloric, oesophageal) 3 (1.3)
Ileus/subileus 13 (5.5)
Fistula (ECF, intraabdominal, perianal) 4 (1.7)
Motility disorder (gastroparesis, constipation) 27 (11.4)
Small intestine bacterial overgrowth (SIBO) 30 (12.7)
Inflammation (oesophagitis, gastritis, IBD) 7 (3.0)
Infection (candidiasis, CDI, gastroenteritis, abscess) 30 (12.7)
Gastric ulcer 1 (0.4)
GI haemorrhage 3 (1.3)
GI tumour (cancer, polyps, dysplasia) 2 (0.8)
Pneumoperitoneum 2 (0.8)

Pulmonary pathology, n (%) 56 (23.7)
Infiltrate 39 (16.5)
Effusion (pleural, pericardiale) 30 (12.7)
TB 1 (0.4)
Pneumothorax 2 (0.8)
COPD (newfound, exacerbation) 3 (1.3)

Renal or urinary tract pathology, n (%) 37 (15.7)
Infection (bacteriuria, UTI, urosepsis) 31 (13.1)
(61%) were successfully weaned off PS. Accordingly, 16 patients
with type 1 IF, 57 with type 2 IF, and 9 with type 3 CIF were dis-
charged on either EN/OR regime. Among thosewho received EN/OR
support on admission, 28 patients (28%) were discharged on HPS,
including 4 with type 1 IF, 6 with type 2 IF, and 18 patients with
type 3 CIF.

Overall, the mean length of stay declined from 33 days (95% CI:
26.2e42.5) in 2013 to 15 days (95% CI: 12.2e17.7) in 2017
(p < 0.0001, ANOVA) (Fig. 4).

3.4. Clinical outcomes 6 months post-discharge

Sixty-seven (28%) of all patients were discharged with HPS,
including 57 (85%) patients with type 3 CIF. Of these, 36 (54%)
required home parenteral nutrition (HPN), 15 (22%) home paren-
teral fluid alone, and 16 (24%) required combined HPN and addi-
tional fluids. After 6-month follow-up, 70 patients (30%) received
HPS, consisting of 3 patients with type 1 IF, 13 with type 2 IF, and 54
with type 3 CIF. Of 82 patients (Fig. 3) weaned off PS during
admission, 71 (87%) remained off PS after 6 months. Of the 28
patients established on HPS during admission, 10 (36%) had been
weaned at 6 months follow-up. Mean change in bodyweight,
evaluated from 141 patients where a valid weight could be obtained
at both discharge and follow-up, was þ0.55 kg (95%
CI: �0.49e1.58).

The 6-month mortality rate was 17% (n ¼ 39) and occurred
among patients with type 2 IF (n ¼ 23) and type 3 CIF (n ¼ 14),
predominately. The main cause of death was cancer (51%). Five
(13%) died of non-catheter-related infections and 2 (5%) of non-
catheter-related VTE. In total, 11 deaths (28%) occurred due to
dmitted to a university hospital intestinal failure unit, including stratification by
r's exact test or Chi-squared test.

Type 1 (n ¼ 39) Type 2 (n ¼ 123) Type 3 (n ¼ 74) P-value

2 (5.1) 27 (22.0) 16 (21.6) 0.036
0 (0) 5 (4.1) 1 (1.4)
0 (0) 5 (4.1) 8 (10.8)
0 (0) 2 (1.6) 2 (2.7)
1 (2.6) 11 (8.9) 4 (5.4)
1 (2.6) 7 (5.7) 6 (8.1)
0 (0) 3 (2.4) 2 (2.7)
0 (0) 2 (1.6) 0 (0)
0 (0) 2 (1.6) 0 (0)
0 (0) 15 (12.2) 13 (17.6) 0.010
0 (0) 9 (7.3) 4 (5.4)
0 (0) 6 (4.9) 8 (10.8)
0 (0) 1 (0.8) 3 (4.1)
0 (0) 2 (1.6) 2 (2.7)
16 (41.0) 51 (41.5) 27 (36.5) 0.777d

1 (2.6) 1 (0.8) 1 (1.4)
0 (0) 6 (4.9) 7 (9.4)
0 (0) 2 (1.6) 2 (2.7)
7 (17.9) 14 (11.4) 6 (8.1)
5 (12.8) 17 (13.8) 8 (10.8)
1 (2.6) 4 (3.2) 2 (2.7)
3 (7.7) 17 (13.8) 10 (13.5)
0 (0) 1 (0.8) 0 (0)
0 (0) 1 (0.8) 2 (2.7)
1 (2.6) 1 (0.8) 0 (0)
0 (0) 1 (0.8) 1 (1.4)
3 (7.7) 35 (28.5) 18 (24.3) 0.020
1 (2.6) 23 (18.7) 15 (20.3)
3 (7.7) 18 (14.6) 9 (12.2)
0 (0) 1 (0.8) 0 (0)
0 (0) 0 (0) 2 (2.7)
0 (0) 1 (0.8) 2 (2.7)
2 (5.1) 19 (15.4) 16 (21.6) 0.066
2 (5.1) 18 (14.6) 11 (14.9)



Table 3 (continued )

All patients (n ¼ 236) Type 1 (n ¼ 39) Type 2 (n ¼ 123) Type 3 (n ¼ 74) P-value

Hydronephrosis 3 (1.3) 0 (0) 0 (0) 3 (4.1)
Glomerulonephritis 1 (0.4) 0 (0) 1 (0.8) 0 (0)

Cardiac pathology, n (%) 5 (2.1) 1 (2.6) 3 (2.4) 1 (1.4) 1.000
Arrhythmia 3 (1.3) 1 (2.6) 2 (1.6) 0 (0)
Cardiac ischaemia 1 (0.4) 0 (0) 0 (0) 1 (1.4)
Cardiac decompensation 1 (0.4) 0 (0) 1 (0.8) 0 (0)

Endocrine pathology, n (%) 6 (2.5) 0 (0) 3 (2.4) 3 (4.1) 0.633
Diabetes mellitus (newfound, dysregulated) 2 (0.8) 0 (0) 1 (0.8) 1 (1.4)
Thyroid disorders (hypothyroidism, hyperthyroidism) 2 (0.8) 0 (0) 0 (0) 2 (2.7)
Skeletal disorders (osteoporosis, osteopenia) 2 (0.8) 0 (0) 2 (1.6) 0 (0)

Surgical pathology, n (%) 6 (2.5) 0 (0) 6 (4.9) 0 (0) 0.071
Superficial incisional SSI 6 (2.5) 0 (0) 6 (4.9) 0 (0)

Immunological pathology, n (%) 2 (0.8) 0 (0) 2 (1.6) 0 (0) 0.672
LTx rejection 1 (0.4) 0 (0) 1 (0.8) 0 (0)
IgA deficiency 1 (0.4) 0 (0) 1 (0.8) 0 (0)

Psychiatric pathology, n (%) 3 (1.3) 1 (2.6) 2 (1.6) 0 (0) 0.286
Depression 1 (0.4) 0 (0) 1 (0.8) 0 (0)
Delirium 2 (0.8) 1 (2.6) 1 (0.8) 0 (0)

Vascular pathology, n (%) 7 (3.0) 1 (2.6) 4 (3.2) 2 (2.7) 1.000
Aneurism 3 (1.3) 1 (2.6) 1 (0.8) 1 (1.4)
VTE (non-catheter-related, DVT, PE) 3 (1.3) 1 (2.6) 1 (0.8) 1 (1.4)
Thrombophlebitis 1 (0.4) 0 (0) 1 (0.8) 0 (0)
Portal hypertension 3 (1.3) 1 (2.6) 2 (1.6) 0 (0)

Other pathology, n (%) 13 (5.5) 1 (2.6) 8 (6.5) 4 (5.4) 0.801
Unspecified tumour (non-GI) 4 (1.7) 1 (2.6) 2 (1.6) 1 (1.4)
Unspecified infection (non-GI abscess, candidiasis, FUO) 8 (3.4) 0 (0) 6 (4.9) 2 (2.7)
Fracture 1 (0.4) 0 (0) 0 (0) 1 (1.4)

Abbreviations: LFT, liver function test. CLABSI, central-line associated bloodstream infection. VTE, venous thromboembolism. EFC, enterocutaneous fistulae. CDI, Clostridium
difficile infection. TB, Mycobacterium tuberculosis infection. COPD, chronic obstructive pulmonary disease. UTI, urinary tract infection. SSI, surgical site infection. LTx, liver
transplant. IgA, immunoglobulin A. DVT, deep vein thrombosis. PE, pulmonary embolism. FUO, fever of unknown origin.

a Nephrolithiasis (n ¼ 2).
b Renal cysts (n ¼ 2) was only included in “Renal or urinary tract pathology”.
c Elevated LFT was defined as an increase in serum total bilirubin or transaminase concentrations greater than 2 and 3 times the upper reference limit [38]. Few values were

missing (n ¼ 3).
d Chi-square test.
e Pericardial effusion (n ¼ 1) was only included in “Cardiac pathology”.

Fig. 3. Nutrition and fluid migration during the first admission of patients with intestinal failure in a university hospital intestinal failure unit.
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various organ failures and systemic diseases. One death (3%) was IF-
related and was caused by intestinal pseudo-obstruction.
4. Discussion

This study demonstrates the complexity and heterogeneity of
inpatients with IF. The study underpins that multiple classification
tools are useful as they enable the application of clinical treatment
guidelines and may improve the communication and cooperation
among professionals who treat patients with IF [19]. Patients may
migrate within classification categories, and because patients may
present with different underlying causes of IF, knowledge of pa-
tients with IF and their risks is clinically relevant. Previous studies
that evaluated classifications of IF mostly described patients with
type 2 and 3 IF in tertiary referral centres [7,8,10,20]. In the present
study, we included and systematically classified patients with IF
admitted to a university hospital IFU in concordancewith current IF
classifications. Consecutive patient inclusion was chosen to
establish a representative patient cohort and eliminate the risk of
selection bias.

During admission, we found a CLABSI rate of 0.49 per 1000
catheter days. In comparison, a Danish study of HPN in adult pa-
tients with CIF reported a CRBSI rate of 1.43 per 1000 catheter days
measured over 4 decades [5]. Worldwide, studies reported a CRBSI
incidence ranging from 0.22 to 11.5 per 1000 catheter days
[10,21,22]. Although variably pathogenic, CoNS, Enterobacteriaceae,
and C. spp. are common [4,10,14,23,24]. Whether or not the IFU
succeeded in performing to international standards on bench-
marking variables highly depends on the comparability of catheter
infection rates and the applied definitions. Moreover, it may be
difficult to compare variables only applicable to type 2 and 3 IF due
to the inclusion of patients with type 1 IF. If applicable, an inpatient
CLABSI rate within international levels was successfully obtained
[5,21,22]. This highlights the relevance of establishing a dedicated
IFU.

The diverging definitions of catheter-related infections are
important to take into consideration when evaluating an IFU



Fig. 4. Change in mean length of stay (days) during the initial five years of a newly
established university hospital intestinal failure unit.

Fig. 5. Frequency of central line-associated blood stream infection (CLABSI) (A) and
distribution of pathogens (B) in patients with intestinal failure diagnosed with CLABSI
on or during their first admission.
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[8,25]. Whether CRBSI or CLABSI is used mainly depends on the
availability of quantitative microbiological culture techniques. The
complex definition of CRBSI is useful for identifying a true infec-
tious focus and may validly exclude borderline cases classified as
catheter sepsis by other definitions. In an observational study, the
calculated CRBSI rate was 46.1% lower than the rate when applying
CLABSI definitions [25]. Quantitative pour plates, which may be
regarded the gold standard, are only available in a limited number
of international IF centres [3,12,26]. Strict use of the CRBSI defi-
nition is limited by this and may further underestimate the true
incidence of catheter-related infections. On the other hand, CLABSI
requires commonly available peripheral blood cultures [12,13].
Because other infectious foci such as abdominal infections may not
easily be recognised [27], CLABSI may overestimate the true
catheter sepsis rate. Consequently, extended and thorough diag-
nostic testing is required in order to minimise the risk of
misclassification.

VTE is a significant risk associatedwith IF and PS, andwe found a
catheter-related VTE rate of 0.7 per 1000 catheter days. In com-
parison, other studies reported a markedly lower rate of 0.08e0.2
per 1000 catheter days [2e5]. Identification of VTE acquired during
admission was done with the combined use of medical reports,
medical imaging, and start of anticoagulant treatment. Because
therapeutic doses of anticoagulant therapy are rarely started
without diagnostic imaging, we believe that this method identified
all patients where a VTE was identified. Prevalent undiagnosed
VTEs may have been misclassified as new, but this is unlikely to
explain all of the high occurrence. Possible explanations to the high
rate also include the frequent use of PICC-lines which may carry an
increased risk of central venous thrombosis [28]. Another possible
cause is acute IF due to inflammation or cancer which are both
independent risk factors for thrombosis [29,30]. Nonetheless, the
result is based on relatively few cases (n ¼ 3), and a greater cohort
size may result in a different rate.

Patients admitted to an IFU frequently present with undiag-
nosed comorbidity, poorly embraced by conventional indices such
as the Charlson comorbidity index score. Consequently, multi-
disciplinary teams may be key to successful IF management. The
stratified analysis of organ-specific pathology confirmed that type 1
IF is often a self-limiting condition with a low frequency of com-
plications [7], whereas type 2 and 3 IF carry an increased risk of IF-
related and noneIFerelated pathologies [9]. The main aims of a
specialised IFU are to provide consistency of expert care for safe PS
and catheter care in order to minimise catheter-related infection
rates, maintain fluid balance, provide stoma and wound care, distal
feeding, and psychological care [27]. If well-established, the IFU
may reduce inpatient complication rates and mortality [3,7,28]. In
our study, 1 death (2.6%) was caused by IF secondary to pseudo-
obstruction. No deaths could be ascribed to PS. In a study that
evaluated survival among patients with CIF, HPN-related death was
reported in 5 cases (9%) [31]. Regarding catheter-related infections,
a study conducted in the UK found an immediate and sustainable
reduction in CRBSI occurrence after the introduction of a complete
nutrition support team [32]. The prophylactic use of antimicrobial
line locks may reduce the rate of line infections [3,9,23,33].

The specialised IFU in the present study worked from the
‘Sepsis-Nutrition-Anatomy-Plan’ (SNAP) approach which serves as
a useful guide to managing patients with IF [7,10]. During imple-
mentation and optimisation of the SNAP approach, the IFU
managed to more than halve mean length of stay. Persistent hos-
pitalisation and PS dependency not only affect quality of life (QoL)
[33e35], but are also financially expensive. In the UK, the estimated
HPN cost per year is V30,000e65,000 depending on the need for
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nursing support [36,37]. Further research is needed to quantify the
exact socioeconomic significance of a shortened length of stay.

Important limitations apply to our study. Though patient in-
clusion was consecutive, categorisation and analysis were per-
formed retrospectively based on medical records which may have
induced inaccuracy in outcome measures. Regarding mechanic
catheter complications, the study was limited by the reporting in
the medical records. Exit site and tunnel infections were inconsis-
tently reported. This could be due to lack of uniform use of termi-
nologywithin the IFU, e.g., exit site infection could be interpreted as
inflammation or even CLABSI. An inconsistent documentation of IV
supplementation volume may have led to underestimating the true
volume provided. This primarily occurred within the first year after
establishment of the IFU.

In conclusion, patients with IF admitted to a newly established
IFU presented with multiple morbidities, dominated by SBS. The IF
classifications were applicable to a cohort of IF patients regardless
of functional IF type. Length of stay was longer than in most
medical wards and was shortened during implementation of the
IFU. CLABSI on admissionwas common, and a low inpatient CLABSI
rate was achieved in a dedicated unit. Due to lack of uniform use of
terminology and differences in interpretation of common defini-
tions, comparison of incidence rates nationally and internationally
is difficult.
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