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Abstract: The differences in outcomes after weaning off intravenous support (IVS) for chronic
intestinal failure (IF) are unclear. Adult IF patients who are weaned off IVS at a tertiary care center
(June 2019–2022) were included in this study, and nutritional and functional markers were assessed
before, during, and after weaning. Short bowel syndrome (SBS) was present in 77/98 of the IF
patients, with different outcomes according to the final anatomy. The body weight and the BMI
increased during IVS in those with a jejunocolonic (JC) anastomosis (p < 0.001), but weight loss was
significant during follow-up (p < 0.001). Malnutrition was present in >60%, with a reduced muscle
mass, which was found using bioelectrical impedance analysis (BIA), in >50% of SBS-JC patients.
Although reduced hand-grip strength and sarcopenia were less common, the muscle quality, or phase
angle (BIA), decreased during follow-up, also correlating with serum albumin and muscle mass
(p ≤ 0.01). The muscle quality and albumin were low in the patients restarting IVS, which was only
the case with ≤60 cm of small bowel. Closer follow-up and earlier treatment with teduglutide (TED)
should be considered in these patients, as none of the TED-treated patients were malnourished or
sarcopenic. Studies on the potential benefits of nutritional and physical interventions for low muscle
mass and associations with outcomes are needed in chronic IF patients.

Keywords: intestinal failure; parenteral nutrition; short bowel syndrome; malnutrition; sarcope-
nia; teduglutide

1. Introduction

Chronic intestinal failure (IF) is defined as “the persistent reduction of gut function
below the minimum necessary for the absorption of macronutrients and/or water and
electrolytes, such that intravenous supplementation (IVS) is required to maintain health
and/or growth” [1]. Patients are provided IVS through home parenteral nutrition (HPN)
programs [2]. Despite its chronic nature, the need for HPN may be reversible, with non-
transplant or reconstructive surgery as a common cause of weaning off HPN in a recent
one-year international multicenter survey [3]. This is especially the case for short bowel
syndrome (SBS), which is the most common cause of chronic IF [4]. SBS is defined as <2 m
of remaining small bowel (SB) after surgical resection; however, it can also occur due to
an impaired function of >2 m of the SB [5]. The restoration of intestinal continuity (RC) is
indicated, if possible, as this will increase the odds of weaning off HPN and regaining full
nutritional autonomy [6–9].

After reconstructive surgery, the probability of weaning off HPN is higher in the
presence of the colon and ileocecal valve in SBS [6,10]. Besides the increased absorption,
bringing a colon into continuity induced structural and functional adaptive changes [11].
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Although the process of intestinal adaptation may result in nutritional autonomy, or
weaning off HPN, the body mass index (BMI) decreased during HPN and was only slightly
higher in HPN-independent SBS patients [6]. In addition, no differences were found in
the muscle mass between the SBS patients with or without a remnant colon [12,13]. As
BMI underestimates the presence and the degree of low muscle mass, it is important to
measure the body composition in chronic IF patients [13]. Besides malnutrition, sarcopenia,
or a low muscle mass and strength, was frequently found in IF patients using different
methods [13,14]. While sarcopenia was also present in those with only oral nutritional
supplements or intestinal insufficiency, its evolution during and after weaning off IVS has
not been assessed.

Indeed, studies on the nutritional status of chronic IF patients after weaning are scarce.
Although a structured and multidisciplinary approach has been advocated in order to
increase nutritional autonomy and reduce morbidity and mortality in specialist centers,
there are only few longitudinal studies regarding weaning off HPN. Therefore, we aimed to
study the evolution in nutritional and functional markers both during and after weaning off
HPN in chronic IF patients. We also assessed the prevalence of malnutrition and sarcopenia,
using both existing and novel markers of body composition. Special attention was paid to
the final anatomy in SBS patients, as nutritional autonomy may be achieved immediately
or within two years after reconstructive surgery in those with a preserved colon [6,15].
Finally, the effects of novel treatments with glucagon-like peptide (GLP-)2 analogues
were evaluated.

2. Materials and Methods
2.1. Study Population

All consecutive adult patients who were weaned off HPN at a tertiary referral center
(CHU Beaujon, Clichy, France) between June 2019 and June 2022 were identified from a
prospectively maintained database (IRB approval number CER-2021-73). Patients with an
IVS duration of >1 month and without chronic infections (e.g., HIV) or primary malignant
causes of HPN were included, which is similar to previous studies [6,15]. The development
of new malignancies and the use of systemic anti-cancer therapy or death during HPN
were recorded. The reasons for weaning off IVS were restoration of continuity (RC) or spon-
taneous adaptation with standard dietetic and medical treatment [1]. Since the marketing
authorization of teduglutide (TED) in France (October 2015), enhanced adaptation was also
possible in SBS patients with ongoing IVS, despite standard treatment [1]. All TED-treated
patients received a dose of 0.05 mg/kg/day subcutaneously.

HPN was delivered according to international guidelines [16]. The composition, fre-
quency, and volume of IVS were adjusted to individual needs during regular assessments
(see below). As previously described, the minimal level of IVS was determined by monitor-
ing the nutritional status, including hydration (urine output), body weight (BW) and serum
albumin levels, creatinine, and electrolytes. In cases of nutritional stability, a reduction in
the frequency and/or volume of IVS was gradually performed until weaning. In contrast,
weight loss and decreased serum albumin levels led to an increase to previous levels or
even the restarting of IVS in patients who were already weaned [6,10,17].

2.2. Definitions

The SBS subgroups were based on final anatomy. Temporary SBS was defined as >2 m
of SB with a colon-in-continuity after reconstructive surgery or RC. Patients with <2 m
of SB after resection were classified as jejuno-colic (SBS-JC) or jejuno-ileal anastomosis
(SBS-JIC) with colon-in-continuity [4]. Patients with >2 m of SB, but with an impaired
function and no remnant colon, were classified as ileostomy (SBS-I) [5]. Remnant SB length
was measured from the ligament of Treitz during surgery and colon-in-continuity was
expressed as a percentage, according to Cummings et al. [18]. Other pathophysiological
mechanisms of IF were intestinal dysmotility, e.g., chronic intestinal pseudo-obstruction
(CIPO), mechanical obstruction, fistulas, and extensive SB mucosal diseases. Finally, the
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severity of IF was defined according to the ESPEN categories, based on the daily mean of
the maximum IVS volume infused per week [4].

2.3. Data Collection

The patient demographics and clinical characteristics were collected from medical
records, including the dates of IVS initiation and withdrawal. This also included any
previous need for IVS and/or enteral nutrition (EN) or a need to restart IVS during follow-
up (FU). Patients were routinely evaluated every 3 to 6 months during and after weaning
off IVS at the outpatient clinic, and data from both the first (start) and the final date of
IVS (stop), and the longest available duration of FU, were used. Besides BW and BMI,
blood tests included serum albumin levels, creatinine, electrolytes, and C-reactive protein
(CRP). Micronutrients (trace elements and vitamins) were measured every 6 months to
1 year and during FU after weaning. As of June 2021, body composition was determined
using bioelectrical impedance analysis (BIA) according to the manufacturer’s instructions
(Bodystat 1500, Bodystat, Douglas, Isle of Man). To account for differences in height, fat-
free mass index (FFMI) was calculated by dividing fat-free mass by height squared, and
muscle quality was determined using phase angle (PA). PA is an indicator of cell membrane
health and integrity, with higher values reflecting better cell function and muscle mass.
Hand-grip strength (HGS) was measured using a dynamometer (Jamar, FysioSupplies,
Antwerp, Belgium) by trained dietitians, and the highest value of both hands was recorded
following the recommendations [19].

2.4. Statistical Analysis

Continuous data were reported as median (interquartile range, or IQR) and categorical
data as proportions, with non-parametric testing to account for not-normally distributed
variables. The baseline differences between the groups were compared with Kruskal–Wallis
tests for continuous data and chi-square tests for proportions. In addition, Dunn’s multiple
comparison test was used when comparing continuous data between individual groups,
with correction for multiple testing. Changes in nutritional markers during IVS and FU after
weaning were analyzed using 1-way analysis of variance (between-groups) and Wilcoxon
tests (within-group). Malnutrition after weaning was based on weight loss, low BMI,
and/or FFMI using the Global Leadership Initiative on Malnutrition (GLIM)-criteria, with
the same cut-offs for FFMI (<15 kg/m2 for women and <17 kg/m2 for men) as the earlier
diagnostic criteria of malnutrition [20,21]. Reduced HGS (<16 kg for women and <27 kg for
men) and sarcopenia were based on the revised European consensus [22], with additional
use of age- and gender-specific cut-offs for HGS [19]. Finally, correlations between the
variables of interest were determined using the Spearman correlation coefficient. For
all analyses, two-tailed p-value < 0.05 were considered significant, and 0.05 < p < 0.1
were considered a trend. Data were analyzed in Prism GraphPad, version 8.0 (Graphpad
Software, San Diego, CA, USA).

3. Results
3.1. Study Population

In total, 98 IF patients were included, with their demographics and clinical characteris-
tics shown in Table 1. The median IVS duration was 31 weeks, with a median follow-up of
41 weeks after weaning. The main mechanism of IF was SBS, followed by dysmotility, me-
chanical obstruction, mucosal disease, and fistulas (Table 1). The causes of SBS were arterial
or venous mesenteric infarction, inflammatory bowel disease (IBD), surgical complications,
radiation enteropathy, and trauma or volvulus (see below). The causes of dysmotility were
CIPO (n = 6), narcotic bowel (n = 2), and small bowel diverticulosis (n = 1). Mechanical
obstruction was caused by small bowel stenosis after gastrectomy (n = 3), bypass surgery,
and radiation enteropathy (both n = 1). Mucosal diseases (n = 4) and fistulas (n = 3) were
caused by enteritis (mainly Crohn’s disease); however, these were excluded because of their
low numbers. Due to the development of progressive malignancies or death (unrelated
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to HPN), six SBS patients were also excluded from the analysis (two temporary SBS, two
SBS-JC, and two SBS-JIC patients) (Figure 1). The SBS patients who were weaned on TED
(four SBS-JC patients and one SBS-I patient) were analyzed separately. After weaning, one
SBS-JIC patient and one dysmotility patient (narcotic bowel) were lost to FU. Thus, a total
of 70 SBS and 83 IF (including dysmotility and obstruction) patients completed FU and
were included in the analyses.

Table 1. Demographics and clinical characteristics of IF patients at the start of IVS.

Variable Total (n = 98)

Age (years) Median (IQR) 54.8 (43.1; 65)
Gender Female (%) 54 (55)

Weight (kg) Median (IQR) 61 (52.2; 72)
BMI (kg/m2) Median (IQR) 24.1 (21.7; 31.9)

Mechanism of IF SBS (%) 77 (78.6)
Mot (%) 9 (9.1)

O (%) 5 (5.1)
MD (%) 4 (4.1)

F (%) 3 (3.1)
Severity of IF (max) FE (%) 5 (5.1)

PN1 (≤1 L) 9 (9.1)
PN2 (1–2 L) 46 (46.9)
PN3 (2–3 L) 16 (16.3)
PN4 (>3 L) 22 (22.4)

IVS duration (weeks) Median (IQR) 30.8 (13.7; 58.3)
FU duration (weeks) Median (IQR) 40.1 (14.7; 69.9)

Mechanism and severity (daily mean of the maximum volume infused per week) of IF were defined according to
ESPEN guidelines. Abbreviations: fistula (F), fluids and electrolytes (FE), follow-up (FU), intestinal failure (IF),
intravenous support (IVS), mucosal disease (MD), motility disorder (Mot), obstruction (O), parenteral nutrition
(PN), and short bowel syndrome (SBS).
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Figure 1. Flowchart of SBS patients during IVS and FU after weaning. Continuity surgery (RC) was
performed in temporary and definite SBS patients with a colon-in-continuity. Patients weaned on
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TED (four SBS-JC, one SBS-I patients) were analyzed separately. Abbreviations: follow-up (FU), intra-
venous support (IVS), small bowel (SB), short bowel syndrome (SBS), ileostomy (SBS-I), jejuno-colic
(SBS-JC) or jejuno-ileal anastomosis (SBS-JIC), restoration of continuity (RC), and teduglutide (TED).

3.2. SBS Patients
3.2.1. Patient Characteristics

The demographics and the clinical characteristics of the SBS subgroups are shown
in Table 2. While the age was similar, a lower percentage of females was found in SBS-I
and TED-treated patients. The presence of IBD and post-surgical complications was more
common in SBS-I and TED-treated patients, respectively. The use of fluid and electrolytes
(FE for SBS-I) and the highest daily mean volume of energy (PN4 for TED) was also more
common, but the number of patients was low. Except for SBS-I, the total SB length was
higher in the temporary vs. the definite SBS patients (all padj < 0.0001), which is consistent
with the definition and shortest IVS duration in temporary SBS (see below). The ileal length
and the colon-in-continuity were similar in the SBS-JIC vs. the temporary SBS patients.
In contrast, the ileal length and the colon-in-continuity were lower in the SBS-JC vs. the
SBS-JIC and the temporary SBS patients (all padj ≤ 0.001). The patients on TED had similar
ileal length and colon-in-continuity vs. the SBS-JC patients.

Table 2. Demographics and clinical characteristics of SBS patients.

Class Variable Temporary
SBS (n = 26)

SBS-JC
(n = 21)

SBS-JIC
(n = 12)

SBS-I
(n = 6)

SBS + TED
(n = 5) p-Value

Demo-
graphics

Age (years) 58 (49; 69) 64 (45; 74) 57 (43; 69) 50 (32; 63) 56 (47;64) 0.57
Gender (female) 13 (50) 17 (81) 8 (61.5) 1 (16.7) 1 (20) 0.02

Etiology
(%)

Ischemia (A/V) 11/6 (65.4) 10/0 (47.6) 3/4 (53.8) 1 (16.7) 1/1 (40) 0.25
IBD (CD/UC) 6/1 (26.9) 4/0 (19) 1 (7.7) 5 (83.3) 0 (0) <0.01

Radiation 1 (3.8) 3 (14.3) 2 (15.4) 0 (0) 0 (0) 0.48
Surgical/adhesion 1 (3.8) 3 (14.3) 2 (15.4) 0 (0) 3 (60) 0.01
Trauma/volvulus 0 (0) 1 (4.8) 1 (7) 0 (0) 0 (0) 0.65

IF class
(%)

FE 2 (7.7) 0 (0) 0 (0) 3 (50) 0 (0) <0.001
PN1 (≤1 L) 2 (7.7) 2 (9.5) 0 (0) 0 (0) 0 (0) 0.69
PN2 (1–2 L) 10 (38.5) 8 (38.1) 4 (30.8) 3 (50) 0 (0) 0.46
PN3 (2–3 L) 8 (30.8) 4 (19) 2 (15.4) 0 (0) 1 (20) 0.50
PN4 (>3 L) 4 (15.4) 7 (33.3) 7 (53.8) 0 (0) 4 (80) <0.01

Total SB (cm) 300 (240; 330) 105 (70; 160) 160 (70; 190) 250 (200; 300) 75 (69; 80) <0.0001
Anatomy Ileum (cm) 120 (13; 235) 0 (0; 0) 50 (25; 120) NA 0 (0; 10) <0.0001

Colon (%) 100 (86; 100) 75 (70; 90) 100 (100; 100) NA 80 (63; 88) <0.0001

Duration
IVS (weeks) 10.5 (7; 14) 40 (28.5; 67) 23 (14.5; 64) 62.5 (35; 141) 166 (93.5; 376) <0.0001
FU (weeks) 29 (15; 48) 39 (12.5:84.5) 22 (15; 83.5) 40.5 (9; 45) 137 (76; 156) 0.04

Continuous data were reported as median (IQR) and categorical data as proportions (%) and analyzed using
Kruskal–Wallis and chi-square tests, respectively. Abbreviations: arterial (A), Crohn’s disease (CD), fluids
and electrolytes (FE), follow-up (FU), inflammatory bowel diseases (IBD), intestinal failure (IF), intravenous
support (IVS), parenteral nutrition (PN), small bowel (SB), short bowel syndrome (SBS), ileostomy (SBS-I), jejuno-
colic anastomosis (SBS-JC), jejuno-ileal anastomosis (SBS-JIC), teduglutide (TED), ulcerative colitis (UC), and
venous (V).

3.2.2. Evolution during IVS

The daily mean volumes of energy (PN1-PN4) were similar between the SBS patients
without TED, which is similar to that previously described [4]. Based on the presence
of >2 m SB with a colon-in-continuity, weaning was possible after RC in temporary SBS
patients with an IVS duration of <12 weeks (Table 2). While three patients were weaned
before RC (Figure 1), those with postoperative complications due to fistulas (n = 3), infec-
tions (n = 2), or additional resections (n = 1) had a longer IVS duration (37 (30.5; 40) weeks,
p < 0.0001). Compared to temporary SBS patients, IVS duration was longer in definite
SBS patients (all padj < 0.05). This was clearer when comparing IVS duration following
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RC, which was longer in SBS-JC (26 (13; 45) weeks, padj < 0.0001), SBS-JIC (13 (3; 45) weeks,
padj < 0.01), and TED-treated patients (67 (8; 90) weeks, padj < 0.0001) compared to tempo-
rary SBS patients (median 1 (0; 3) weeks after RC).

Both BW (∆ = 4.1 (0.6; 10) kg) and BMI (∆ = 1.5 (0.2; 3.7) kg/m2, both p < 0.0001)
increased during IVS in all of the SBS patients (n = 70). However, the evolution differed
between the groups (Table 3), with a significant increase in the SBS-JC patients (BW ∆ = 5
(1.5; 9.8) kg and BMI ∆ = 1.8 (0.5; 3.1) kg/m2, both p < 0.001) and trends for SBS-JIC, SBS-I,
and TED-treated patients (all p < 0.1). In addition, the serum albumin increased (∆ = 11.6
(4.6; 17.4) g/L) and the CRP decreased (∆ = −1 (0; −10) mg/L, both p < 0.0001) during IVS
in all of the SBS patients, with no between-group differences (Table 3). The results were
similar when excluding those with previous or intermittent HPN (four SBS-JC patients, one
SBS-JIC patient, and one SBS-I patient), FE (two temporary SBS and three SBS-I patients),
and/or EN (five temporary SBS patients) (n = 55).

Table 3. Changes in nutritional markers during IVS and FU after weaning.

Variable Time Temporary
SBS (n = 26)

SBS-JC
(n = 21)

SBS-JIC
(n = 12)

SBS-I
(n = 6)

SBS + TED
(n = 5) p-Value

BW (kg)
Start IVS 71.4 (55.8; 81) 65 (54; 74) 58.6 (52.2; 83) 60.7 (56; 65) 55 (47; 67)
Stop IVS 73.8 (60; 79.3) 68.8 (57; 79.8) 65.5 (54; 77.4) 76 (64.3; 79.3) 66 (59.8; 71) 0.02

FU 77 (61.5; 87.3) 62 (53.5; 72) 66 (54.5; 76.3) 73 (62.4; 80.5) 69 (57.5; 71.5) 0.0001

BMI
(kg/m2)

Start IVS 24 (20.4; 28.8) 23.6 (18.8; 28.8) 21.1 (18.4; 30.5) 17.8 (17; 20.4) 18.7 (17.5; 20.9)
Stop IVS 24.5 (22.2; 27.8) 24.7 (22; 29.6) 23.2 (20.1; 27.4) 23 (20.8; 24.6) 22.3 (21.6; 22.8) 0.03

FU 26.9 (23.2; 31.2) 22.6 (20.9; 25.7) 22.6 (20.3; 28.7) 22 (19.8; 24.4) 22.9 (20.7; 23.4) 0.0001

Albumin
(g/L)

Start IVS 23.4 (20.3; 28) 25.5 (20.7; 33) 23.7 (19; 27.5) 26.7 (22.4; 38) 32.1 (28.3; 32.6)
Stop IVS 36.3 (32; 40.9) 38.8 (34.9; 41) 34.9 (32.2; 37.3) 39.9 (37.2; 41.9) 43 (36.4; 48.6) 0.91

FU 39.2 (36.5; 44.4) 38.1 (32.8; 42.5) 40 (37.4; 42.1) 40.3 (38.8; 42.2) 40.9 (37.9; 45.8) 0.09

CRP
(mg/L)

Start IVS 8 (2.8; 17) 2 (1; 11) 3.5 (2; 16.8) 8.5 (2.5; 24.8) 8 (1; 26)
Stop IVS 2.5 (1; 8) 1 (1; 2.9) 5 (2.3; 6.8) 1 (1; 13) 1 (1; 6.5) 0.47

FU 1 (1; 6.8) 1 (1; 3) 1 (1; 7) 4 (2; 24) 1 (1; 1) 0.4

Significant within-group changes are marked in bold (see text for significance), p-value is given for between-group
differences (ANOVA) in changes during IVS (start-stop IVS) and after weaning (stop IVS-FU). Abbreviations:
body mass index (BMI), body weight (BW), C-reactive protein (CRP), follow-up (FU), intravenous support (IVS),
short bowel syndrome (SBS), ileostomy (SBS-I), and jejuno-colic (SBS-JC) or jejuno-ileal anastomosis (SBS-JIC).

3.2.3. Evolution during FU

Compared to temporary SBS, the duration of FU was longest in the TED-treated
patients (padj < 0.05). The IVS duration before TED was 133 (77.3; 267) weeks, with 33.3
(6.9; 47.3) weeks of treatment until weaning. No change in BW or BMI was seen during FU
in any of the SBS patients (n = 70). However, the evolution differed between the groups
(Table 3), with a significant increase in the temporary SBS patients (BW ∆ = 3.5 (−1.3; 10.5)
kg and BMI ∆ = 1.3 (−0.5; 3.6) kg/m2, both p < 0.01), but a decrease in the SBS-JC patients
(BW ∆ = −6 (−13; −2.5) kg and BMI ∆ = −2.1 (−4.8; −0.9) kg/m2, both p < 0.001). While
albumin (∆ = 2.3 (−1.2; 5.7) g/L, p = 0.003) increased during FU in all of the SBS patients,
this was only found in temporary SBS (albumin ∆ = 3.2 (0.9; 6.7) g/L, p = 0.003). In contrast,
decreased BW (∆ = −3 (−7; 3) kg) and BMI (∆ = −0.9 (−2.5; 1) kg/m2, both p = 0.04) were
found when excluding those with previous or intermittent HPN, FE, and/or EN, but with
a similar increase in albumin (n = 55).

During FU, IVS was restarted after 13 (9; 15) weeks in three SBS-JC patients and after
35 weeks in one SBS-JIC patient (Figure 1). The duration of IVS was 39 (35; 54) weeks
and 79 weeks, respectively. When these patients were excluded, a similar decrease in BW
and BMI was found in the SBS-JC patients during FU, but with increased albumin levels
(∆ = 3.2 (−0.3; 4.1) g/L, p = 0.02).

Similarly, albumin increased in the SBS-JIC patients with no need to restart IVS
(∆ = 5.5 (1.5; 9) g/L, p = 0.02). Despite stable CRP levels during FU, the albumin lev-



Nutrients 2023, 15, 338 7 of 13

els decreased (<30 g/L) in those restarting IVS (Figure 2), with important deficiencies in
micronutrients (Table 4). Of note, all of the SBS patients restarting IVS had ≤60 cm of total
SB (40 (15; 60) cm of jejunum in SBS-JC and 30 cm of jejunum, plus 10 cm ileum, in SBS-JIC).
All of the stable SBS patients during FU after weaning had a jejunal and total SB length
above this cut-off point.

Nutrients 2023, 15, x FOR PEER REVIEW 7 of 13 
 

 

Albumin 
(g/L) 

Stop IVS 36.3 (32; 40.9) 38.8 (34.9; 41) 34.9 (32.2; 37.3) 39.9 (37.2; 41.9) 43 (36.4; 48.6) 0.91 
FU 39.2 (36.5; 44.4) 38.1 (32.8; 42.5) 40 (37.4; 42.1) 40.3 (38.8; 42.2) 40.9 (37.9; 45.8) 0.09 

CRP 
(mg/L) 

Start IVS 8 (2.8; 17) 2 (1; 11) 3.5 (2; 16.8) 8.5 (2.5; 24.8) 8 (1; 26)  
Stop IVS 2.5 (1; 8) 1 (1; 2.9) 5 (2.3; 6.8) 1 (1; 13) 1 (1; 6.5) 0.47 

FU 1 (1; 6.8) 1 (1; 3) 1 (1; 7) 4 (2; 24) 1 (1; 1) 0.4 
Significant within-group changes are marked in bold (see text for significance), p-value is given for 
between-group differences (ANOVA) in changes during IVS (start-stop IVS) and after weaning 
(stop IVS-FU). Abbreviations: body mass index (BMI), body weight (BW), C-reactive protein (CRP), 
follow-up (FU), intravenous support (IVS), short bowel syndrome (SBS), ileostomy (SBS-I), and je-
juno-colic (SBS-JC) or jejuno-ileal anastomosis (SBS-JIC). 

3.2.3. Evolution during FU 
Compared to temporary SBS, the duration of FU was longest in the TED-treated pa-

tients (padj < 0.05). The IVS duration before TED was 133 (77.3; 267) weeks, with 33.3 (6.9; 
47.3) weeks of treatment until weaning. No change in BW or BMI was seen during FU in 
any of the SBS patients (n = 70). However, the evolution differed between the groups (Ta-
ble 3), with a significant increase in the temporary SBS patients (BW Δ = 3.5 (−1.3; 10.5) kg 
and BMI Δ = 1.3 (−0.5; 3.6) kg/m2, both p < 0.01), but a decrease in the SBS-JC patients (BW 
Δ = −6 (−13; −2.5) kg and BMI Δ = −2.1 (−4.8; −0.9) kg/m2, both p < 0.001). While albumin (Δ 
= 2.3 (−1.2; 5.7) g/L, p = 0.003) increased during FU in all of the SBS patients, this was only 
found in temporary SBS (albumin Δ = 3.2 (0.9; 6.7) g/L, p = 0.003). In contrast, decreased 
BW (Δ = −3 (−7; 3) kg) and BMI (Δ = −0.9 (−2.5; 1) kg/m2, both p = 0.04) were found when 
excluding those with previous or intermittent HPN, FE, and/or EN, but with a similar 
increase in albumin (n = 55). 

During FU, IVS was restarted after 13 (9; 15) weeks in three SBS-JC patients and after 
35 weeks in one SBS-JIC patient (Figure 1). The duration of IVS was 39 (35; 54) weeks and 
79 weeks, respectively. When these patients were excluded, a similar decrease in BW and 
BMI was found in the SBS-JC patients during FU, but with increased albumin levels (Δ = 
3.2 (−0.3; 4.1) g/L, p = 0.02). 

Similarly, albumin increased in the SBS-JIC patients with no need to restart IVS (Δ = 
5.5 (1.5; 9) g/L, p = 0.02). Despite stable CRP levels during FU, the albumin levels decreased 
(<30 g/L) in those restarting IVS (Figure 2), with important deficiencies in micronutrients 
(Table 4). Of note, all of the SBS patients restarting IVS had ≤60 cm of total SB (40 (15; 60) 
cm of jejunum in SBS-JC and 30 cm of jejunum, plus 10 cm ileum, in SBS-JIC). All of the 
stable SBS patients during FU after weaning had a jejunal and total SB length above this 
cut-off point. 

 

Figure 2. Individual changes in albumin for SBS-JC and SBS-JIC patients during IVS and FU. (A)
SBS-JC and (B) SBS-JIC patients restarting IVS during FU are indicated in red (albumin <30 g/L
during FU). Abbreviations: follow-up (FU), short bowel syndrome (SBS), jejuno-colic anastomosis
(SBS-JC), and jejuno-ileal anastomosis (SBS-JIC).

Table 4. Micronutrients in SBS patients restarting IVS during FU.

Type TS
(%)

Ferritin
(µg/L)

FA
(nmol/L)

Vit B12
(pmol/L)

Vit A
(µmol/L)

Vit D
(pmol/L)

Vit E
(µmol/L)

Cu
(µmol/L)

Se
(µmol/L)

Zn
(µmol/L)

CRP
(mg/L)

SBS-JC 3 13 19.1 334 1.1 22.4 25.9 9.4 0.8 25.5 1
SBS-JC 13 140 27.6 368 1 28.6 21 17.3 1.1 16.3 12
SBS-JC 50 126 11.5 230 1.1 <10 18.4 6.3 0.9 18.7 1
SBS-JIC 86 583 9.8 441 0.7 61.8 23.8 7.5 0.6 8.4 3
CIPO 20 235 27.4 107 2.78 37.7 32.8 11.27 1.29 12.57 1

Normal
values 20–40 26–388 6.8–45.4 139–651 1.5–2.7 75–200 21–35 12.7–

22.2 0.9–1.5 12.5–18 <6

Abnormal values are indicated in bold. Levels of 25-hydroxyvitamin D are given. Abbreviations: chronic intestinal
pseudo-obstruction (CIPO), copper (Cu), folic acid (FA), short bowel syndrome (SBS), jejuno-colic (SBS-JC) or
jejuno-ileal anastomosis (SBS-JIC), selenium (Se), transferrin saturation (TS), vitamin (vit), and zinc (Zn).

3.3. Other Causes Than SBS

For dysmotility (n = 8), weaning was possible in one patient after surgery (diverticulo-
sis), with intermittent HPN in two patients (narcotic bowel). Of the six CIPO patients with
complete FU (50% female, 55 (50–65) years old), one restarted IVS during FU because of
malnutrition (see below). During IVS, both BW (∆ = 6 (3; 13.4) kg) and BMI (∆ = 2.4 (1.1;
4.4) kg/m2, both p < 0.01), as well as albumin (∆ = 8.5 (3.3; 13.3) g/L, p = 0.02), increased.
No changes were found during FU. In the patients with mechanical obstruction (n = 5),
weaning was only possible after reconstructive surgery or endoscopy (e.g., dilatation of
anastomotic stenosis), with temporary EN in two patients. However, no changes in BW,
BMI, or albumin were found during IVS or FU.
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3.4. Malnutrition and Sarcopenia

Following GLIM-criteria, malnutrition was present in 33 (47.1%) SBS patients (n = 70)
during FU, with no differences between the subgroups. Similar proportions of SBS-JC
(13/21 or 61.9%) and SBS-JIC patients (7/12 or 58.3%) were malnourished, of which six
(54.5%) SBS-JC and four (66.7%) SBS-JIC patients with available BIA had a low FFMI
(Figure 3). However, malnutrition was solely based on a low FFMI in one (7.7%) SBS-JC
patient and two (16.7%) SBS-JIC patients. Moreover, only one (5.6%) SBS-JC patient and
none of the SBS-JIC patients had a reduced muscle strength or sarcopenia, according to the
revised European consensus [22]. When considering age- and gender-specific cut-offs for
HGS, sarcopenia was present in three (16.7%) SBS-JC and three (27.3%) SBS-JIC patients [19].
Of note, none of the SBS-JC patients on TED were malnourished or sarcopenic.
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In contrast, low muscle quality, or PA, was present in ten (55.6%) SBS-JC and three
(27.3%) SBS-JIC patients. Interestingly, PA also decreased during FU (∆ = −0.8 (−1.9; −0.4),
p = 0.03) and correlated with albumin (r = 0.6, p < 0.01) and FFMI (r = 0.58, p = 0.01) in
the SBS-JC patients. Moreover, PA was low in patients restarting IVS. While FFMI and
HGS were normal, HGS increased only in those with no need to restart IVS during FU
(∆ = 6.7 (0.9; 8.7) kg for SBS-JC and ∆ = 5.7 (3.9; 11) kg for SBS-JIC, both p < 0.01). Increased
HGS was also found in all of the IF patients (∆ = 4.4 (−0.7; 8.4) kg, p < 0.0001), including
temporary SBS (∆ = 4.4 (−1; 8.4) kg) with increased FFMI (∆ = 0.6 (0.15; 1.5), both p < 0.01).
The temporary SBS patients with malnutrition (8/26 or 30.8%) had a low FFMI, with a
low HGS or sarcopenia in two (8.7%) patients, or six (26.1%) when using age- and gender-
specific cut-offs [19]. Overall, 40 (48.2%) of the 83 IF patients were malnourished, with a
similar proportion for dysmotility (50%), of which all had low FFMI, and sarcopenia was
found in one CIPO patient who restarted IVS.

4. Discussion
4.1. Summary

Chronic IF represents an important clinical challenge, due to the complexity of under-
lying diseases and the need for multidisciplinary management. Despite the potential for
weaning off HPN, the evolution in both nutritional and functional markers has not been
systematically assessed. In this analysis of adult IF patients who followed and were weaned
off HPN in a tertiary care center, we showed that the outcomes differed according to the
cause and the final anatomy for SBS. The patients with >2 m of SB and colon-in-continuity
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after reconstructive surgery showed beneficial outcomes, including increased BW, BMI,
albumin, FFMI, and HGS after weaning. In comparison, the SBS-JC patients were at risk
of weight loss after weaning, with a >60% prevalence of malnutrition, including a low
FFMI. However, the prevalence of reduced HGS and sarcopenia was limited. HGS even
increased during FU after weaning, including in the SBS-JC and SBS-JIC patients with no
need to restart IVS. On the contrary, the muscle quality, or PA, decreased and correlated
with albumin, which was also reduced in those restarting IVS. Therefore, the measure-
ment of PA may prove useful in the FU of these patients and the use of GLP-2-analogues
should especially be considered in the cases of a total SB length of ≤60 cm, as none of the
TED-treated patients were malnourished or sarcopenic.

4.2. SBS Anatomy and Evolution during IVS and FU

In a recent one-year international survey, weaning off HPN was associated with
non-transplant or reconstructive surgery in 41.9% of patients, spontaneous adaptation in
50.7% of patients, intestinal transplantation in 5.1% of patients, and intestinal growth factor
therapy in 2.2% of patients [3]. Indeed, the restoration of continuity, or RC, is indicated, if
possible, as this may lead to only temporary SBS. In this analysis, SBS subgroups were based
on the final anatomy, which is required in order to correctly compare the outcomes [23].
Similar to previous studies, the proportion of definite end-ostomy patients was small
compared to SBS-JC and SBS-JIC patients [6,10]. This was also reflected by the higher
proportions of mesenteric ischemia, for which RC is performed if it is feasible after a
period of 3–6 months, according to the ESPEN-guidelines [24]. Using the current definition
of temporary SBS, it was possible to distinguish those who were weaned after (or even
before) reconstructive surgery and with the use of EN in some. While an end-ostomy as a
temporary solution led to beneficial outcomes [5,15], a longer IVS duration was needed in
those with post-operative complications (e.g., fistulas). Nevertheless, increased BW and
albumin were found in all of the temporary SBS patients during FU, with even increased
FFMI or muscle mass in those with repeated BIA. Compared to the previous findings of
CT-defined muscle gain during HPN [13], these are the first prospective data on the body
composition of SBS patients after weaning from HPN.

Despite the increased BW and BMI during IVS, the SBS-JC patients were at risk of
weight loss after weaning. Due to the lower ileal length and colon-in-continuity compared
to SBS-JIC and temporary SBS patients, both IVS dependency, as well as the evolution
after weaning, may depend on the presence of the ileum and/or colon. Besides fluid and
electrolyte absorption, the colonic fermentation of carbohydrates and the absorption of
short-chain fatty acids and medium-chain triglycerides provide additional calories [25,26].
As changes in IVS calories correlated with both BMI and fat-free mass (FFM), which was
determined using dual X-ray absorptiometry (DXA), it is likely that insufficient colonic
energy absorption led to both weight loss and reduced muscle mass after weaning [27].
Indeed, low FFMI was found in >50% of malnourished SBS-JC patients. The reduced FFM is
in agreement with previous studies, showing no protective effect from an incomplete colon
in SBS [12,13]. Although the prevalence of reduced muscle strength and sarcopenia was low,
this increased when using age- and gender-specific cut-offs. Nevertheless, HGS increased
during FU in all of the patients, including the SBS-JC and the SBS-JIC patients, with no
need to restart IVS. Conversely, the muscle quality, or PA, decreased in those restarting IVS.
Of note, the use of PA is more reliable than other markers and predictive of the outcome
in IF and other patient populations [28,29]. Moreover, PA correlated with albumin, which
decreased in the patients restarting IVS, despite stable CRP, which is important for the
interpretation of nutritional deficiencies. The link with low albumin levels and nutritional
risk in hospitalized subjects also suggest its value to monitor changes during FU and after
nutritional interventions [30].
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4.3. SB Length, Treatment or IF Causes, and Need for FU

Besides decreased albumin, important mineral and/or vitamin deficiencies after wean-
ing were the reasons for restarting IVS in patients with ≤60 cm of SB. Although some level
of intestinal adaptation is possible during the first two years after diagnosis, the limited
jejunal length is in agreement with the previously proposed cut-off of 65 cm [10]. The
lack of ileum and colon leads to lower levels of pro-adaptive hormones, of which GLP-2
is the best studied [31,32]. Treatment with TED is beneficial in these patients, with 12%
weaning off HPN in phase-3 and open-label extension studies, of which 75% had a colon-
in-continuity [33]. Despite a median SB length of ≤60 cm (52.5 cm), a stable nutritional
status was noted after weaning [33]. Besides the lower response but higher weaning rates
in those with a remnant colon, the highest IVS volume increase within one year from
discontinuation of TED was found in the SBS-JC patients [34,35]. Although the response
rates of TED are based on improved wet weight absorption and IVS volume reduction,
the outcomes are also dependent on colonic energy absorption. Interestingly, none of the
SBS-JC patients on TED were malnourished or sarcopenic during FU, pointing to increased
energy and protein absorption. While studies with markers of energy absorption (e.g.,
metabolic balance studies) are needed in relation to body composition, a longer period of
HPN may have been needed in those with ≤60 cm of SB to adapt [15]. Interestingly, the use
of TED as part of postsurgical treatment predicted nutritional autonomy, with beneficial
outcomes for ultra-short bowel syndrome (SB length of ≤50 cm) [8,36]. In contrast, FU
every three to six months seems to be needed in those with malnutrition based on GLIM-
criteria, including low muscle mass, especially in SBS-JC and/or patients with ≤60 cm
of SB.

Considering other causes, the dysmotility patients showed improved nutritional sta-
tus during HPN, similarly to that previously observed [17]. Although reversibility of IF
and weaning was less common for CIPO in a multicenter and international study [15,17],
the prevalence of malnutrition was similar in this study, and only one CIPO patient with
sarcopenia restarted HPN. No specific recommendations regarding FU can be made based
on the lower number of CIPO patients. Increased body weight and albumin were found in
post-bariatric surgery patients with IF, which can be caused by dysmotility and mechan-
ical obstruction [37]. However, weaning was only possible after reconstructive surgery,
which is similar to this study with temporary EN in two patients. Of note, the majority
of issues observed in HPN patients post-bariatric surgery were due to late complications
or malnutrition in an ESPEN survey, including low albumin and micronutrient deficien-
cies. As the numbers of patients with mucosal diseases is often too limited for analysis,
this was previously grouped as miscellaneous diseases with lower odds of weaning in a
recent study [3].

4.4. Strenghts and Limitations

The strengths of this study include the comprehensive nutritional assessment of adult
IF patients before, during, and after weaning off HPN. Although BIA was not available
for all of the patients or visits, we present the first longitudinal data for changes in the
body composition of adult IF patients after weaning. Indeed, an altered body composition
with low FFM and micronutrient abnormalities have also been reported in children after
weaning [38]. Although the treatment and the FU at a tertiary care center may limit the
generalizability of our findings, the care for IF is highly specialized and our population is
similar to that of previous surveys [4]. While we included different causes of IF, the number
of patients was lower in some subgroups. We did not include patients with ongoing HPN,
as differences in the outcomes, including HPN dependency, are already available from
our center and are known for the SBS subtypes, including lower odds of weaning for
SBS-JC patients [3,6,10]. The results were robust when excluding patients with previous
or intermittent HPN, FE only, and EN, with a separate analysis in those restarting IVS.
Nevertheless, more data are needed on the use of BIA equations and cut-offs in IF patients.
Finally, the use of grip strength as a functional assessment may be of limited value in this
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(younger) population and only a supportive and not a core phenotypic measure of the
GLIM-criteria for malnutrition [21].

5. Conclusions

The evolution of nutritional outcomes differed during and after weaning off HPN in
adult IF patients who were followed at a tertiary care center, with a particular risk of weight
loss in the SBS-JC patients. Interestingly, malnutrition and sarcopenia were absent with the
GLP-2-analogue TED, which should be considered in the postsurgical treatment, especially
for those with ≤60 cm of SB. As reduced muscle mass was also common, the assessment of
the body composition may be useful, including the muscle quality. While the preserved
muscle strength is reassuring, the restoration of the muscle mass and quality should be
targeted not only during, but also after weaning. Indeed, patients with malnutrition could
benefit from more regular follow-ups. Longer-term studies are needed in order to assess the
potential benefits of nutritional and physical interventions and associations with outcomes
in chronic IF patients.
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Changes in Parenteral Nutrition Requirements and BMI in Patients with Parenteral Nutrition-Dependent Short Bowel Syndrome
after Stopping Teduglutide-9 Years of Follow-Up. Nutrients 2022, 14, 1634. [CrossRef] [PubMed]

36. Gondolesi, G.E.; Doeyo, M.; Lic, C.E.; Lobos, F.; Rubio, S.; Rumbo, C.; Ramisch, D.; Crivelli, A.; Schelotto, P.B.; Solar, H. Results of
Surgical and Medical Rehabilitation for Adult Patients with Type III Intestinal Failure in a Comprehensive Unit Today: Building a
New Model to Predict Parenteral Nutrition Independency. J. Parenter. Enter. Nutr. 2020, 44, 703–713. [CrossRef] [PubMed]

37. Mundi, M.S.; Vallumsetla, N.; Davidson, J.B.; McMahon, M.T.; Bonnes, S.L.; Hurt, R.T. Use of Home Parenteral Nutrition in
Post-Bariatric Surgery-Related Malnutrition. J. Parenter. Enter. Nutr. 2017, 41, 1119–1124. [CrossRef]

38. Neelis, E.; Olieman, J.; Rizopoulos, D.; Wijnen, R.; Rings, E.; de Koning, B.; Hulst, J. Growth, Body Composition, and Micronutrient
Abnormalities During and After Weaning Off Home Parenteral Nutrition. J. Pediatr. Gastroenterol. Nutr. 2018, 67, e95–e100.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/nu14040796
http://www.ncbi.nlm.nih.gov/pubmed/35215445
http://doi.org/10.3390/nu14081634
http://www.ncbi.nlm.nih.gov/pubmed/35458196
http://doi.org/10.1002/jpen.1686
http://www.ncbi.nlm.nih.gov/pubmed/31423603
http://doi.org/10.1177/0148607116649222
http://doi.org/10.1097/MPG.0000000000002090

	Introduction 
	Materials and Methods 
	Study Population 
	Definitions 
	Data Collection 
	Statistical Analysis 

	Results 
	Study Population 
	SBS Patients 
	Patient Characteristics 
	Evolution during IVS 
	Evolution during FU 

	Other Causes Than SBS 
	Malnutrition and Sarcopenia 

	Discussion 
	Summary 
	SBS Anatomy and Evolution during IVS and FU 
	SB Length, Treatment or IF Causes, and Need for FU 
	Strenghts and Limitations 

	Conclusions 
	References

