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Prevalence and risk factors for complications in adult
patients with short bowel syndrome receiving long-term
home parenteral nutrition
Guohao Wu MD, PhD, Yi Jiang MD, PhD, Xiaoping Zhu MD, Dayong Jin MD,
Yusong Han MD, PhD, Jun Han MD, Zhaohan Wu MD, PhD, Zhaoguang Wu MD PhD
Department of General Surgery, Zhongshan Hospital of Fudan University, Shanghai, China
Background and Objectives: Short bowel syndrome (SBS) is a complicated and challenging disease where
home parenteral nutrition (HPN) is widely used. The complications of long-term HPN-dependent in adult patients
with SBS are poorly documented. This study was mainly aimed to assess the prevalence and risk factors of HPNassociated complications in adult patients with SBS, especially the catheter-related sepsis and HPN-associated
liver/biliary disorders. Methods and Study Design: 47 non-malignant adult patients with SBS who received
HPN for more than 2 years in our clinical nutrition center were included. Patients were divided into two groups
according to whether HPN-associated complications were present or not. Student’s t-test and χ2 test were applied
to compare the differences between the two groups. Results: The mean frequency of catheter-related sepsis was
0.31±0.05 per catheter year of HPN. An higher incidence of catheter-related infections (p<0.001) and shorter delay between HPN onset and first infection (p<0.001) were identified as risk factors for catheter-related sepsis. A
total of 25 patients (53.2%) developed HPN-associated liver/biliary diseases. The identified risk factors for HPNassociated liver/biliary disorders were higher rate of catheter-related infections (p=0.009), shorter delay between
HPN onset and first infection (p=0.017), higher energy content of HPN (p=0.014), higher glucose rate of HPN
(p=0.009), and lower lipid rate of HPN (p=0.022). Conclusion: Our study revealed that adult patients with SBS
receiving long-term HPN treatment developed a low prevalence of catheter-related sepsis but a rather high prevalence of HPN-associated liver/biliary disorders. We also identified several risk factors for HPN-associated complications which should be taken notice of in clinical practice.
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INTRODUCTION
Short bowel syndrome (SBS) is a condition characterized
by compromised bowel absorptive capacity that cause
patients to be unable to maintain protein-energy, fluid,
electrolyte, or micronutrient balances under a normal unrestricted diet. SBS results mostly from congenital defect,
disease-associated loss of absorption and extensive intestinal resection.1 The remaining length of intestinal tract is
important for clinical diagnosis. SBS is associated with
high rate of morbidity and mortality, a reduced quality of
life and large health care expenses.2 Management of patients with SBS is complicated and challenging. A multidisciplinary approach is required including dietary, fluid
and pharmacological management, co-morbid complications treatment and even surgery occasionally.3,4
Parenteral nutrition support, especially home parenteral
nutrition (HPN), has been widely used to treat patients
with SBS since 1960s.5,6 For patients with SBS, HPN
dependence might be either permanent or transient, which
mainly depends on the resection extent and postsurgical
intestinal adaptation.7 It has been reported that 47% of
patients with SBS required long-term HPN.8 Generally, it
is accepted that the time to discontinue HPN may be at
first 2 years in adult patients with a colon in continuity.9,10

Children can achieve HPN independence after much
longer periods (5-10 years) after full bowel adaptation.11,12 In addition, late HPN (more than 2 years) discontinuation in adult patients with SBS has also been reported.8,13 Therefore, the timing of HPN discontinuation may
vary depending on the characteristics of the individual
intestinal rehabilitation capacity of the remnant gastrointestinal tract and other factors. However, HPN is still considered as the primary treatment for patients with irreversible HPN unless intestinal transplantation is performed.14,15
Long-term survival of patients with SBS receiving
HPN has been achieved both in children and adult patients in multiple centers worldwide.8,9,12,16 In our clinical
nutrition center, we reported a female case (aged 32 years)
who attained normal pregnancy after 5 years HPN due to
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entire small intestine and right colon resection.17 However,
several HPN-associated complications such as catheterrelated infections and liver/biliary disorders occurred during long-term HPN, which were consistent with reports
from other clinical nutrition centers.18-20 Prevalence and
risk factors of HPN-associated liver diseases of children
receiving long-term HPN have been reported.12 However,
the prevalence and risk factors of HPN-associated complications in adult patients with SBS receiving long-term
HPN are poorly documented. Herein, we report a series of
adult patients with SBS receiving long-term HPN for
more than 2 years over a 30-year follow-up period in our
center, to better define the prevalence and risk factors for
HPN-associated complications, especially the catheterrelated sepsis and HPN-associated liver/biliary disorders.
METHODS
Between January 1985 and June 2015, adult patients with
SBS who received HPN for more than 2 years in our clinical nutrition center, Department of General Surgery,
Zhongshan Hospital of Fudan University, were studied.
The inclusion criteria were as follows: 1) patients diagnosed as SBS at the ages >18 years, 2) patients received
HPN for more than 2 years. The exclusion criteria were as
follows: 1) patients diagnosed as SBS at the ages <18
years, 2) patients with evolving primary malignancies
either present at the time of short bowel occurrence or
recurring during follow-up, 3) patients with liver/biliary
abnormalities diagnosed before the initiation of HPN or
identified as unrelated to HPN (i.e. inborn liver disease,
acquired toxic or viral liver disease), and 4) patients that
have discontinued HPN within 2 years. This study was
approved by the ethics committee of the Zhongshan Hospital of Fudan University (No.: B2013-106R). Patients
were given informed consent and patients’ anonymities
were preserved.
When the patients first visited our center, the following
specifics of each patient were recorded: demographic
characteristics, the primary diagnosis (including the aetiology of SBS), characteristics of the intestinal tract, characteristics of surgical procedures, and HPN dependence.
The remnant small bowel was evaluated on the basis of
operative records and expressed as a length. Surgical procedures of digestive circuit anastomosis were classified
into 3 types: end-enterostomy (type 1), jejunocolic anastomosis (type 2), and jejunoileo-colic anastomosis (type
3).9
Follow-up included a 24 h telephone hotline number
for emergencies and regular outpatient follow-up visits to
adapt the composition and volume of the nutrient solution
to meet the body requirements and to detect the occurrence of HPN-associated complications. At each visit,
data related to the current program of HPN, venous catheter, biochemical and imaging examination, hospital stays,
and cause of death, if any, were recorded. The composition of the HPN (i.e. glucose, amino acids, lipid emulsion,
trace elements and vitamins) varied during the 30 years of
the study. If no HPN-associated complications occurred,
we calculated the average value of HPN characteristics
regarding the composition, volume, frequency, and duration time of the infusions at the end of the follow-up. If
HPN-associated complications occurred, we calculated

the average value of HPN characteristics before the occurrence of relevant complications to identify whether
HPN characteristics were risk factors for these complications.
We paid key attention to the prevalence of long-term
HPN-associated catheter-related sepsis and liver/biliary
disorders. Catheter-related sepsis was defined as episodes
of fever with clinical and biological parameters of infection if no symptoms or signs point to other reasons. If the
same pathogen was cultured from the catheter and peripheral vein, the diagnosis would then be confirmed. We
also recorded the delay between HPN onset and the first
catheter infection. The occurrence of catheter occlusion,
catheter displacement and catheter breakage, if any, were
also recorded.
Chronic HPN-associated liver diseases are characterized by abnormalities in liver biochemistries including
steatosis (elevated alanine transaminase levels >1.5 times
normal upper limit) and cholestasis (elevated conjugated
bilirubin or alkaline phosphatase and g-glutamyl transpeptidase (GGT) levels >1.5 times normal upper limit)
that persist for at least 6 months.21 In this study, biochemical abnormalities were classified as steatosis, cholestasis,
and both steatosis and cholestasis. In addition, the occurrences of biliary abnormalities (eg, sludge and lithiasis)
were determined by routine ultrasonography examination
performed systematically upon starting of HPN. Generally, ultrasonography examination was performed once
yearly when chronic cholestasis or HPN-associated liver
diseases occurred, and when there was clinical suspicion
of biliary complication.21
Statistical analysis
We firstly described the patients’ characteristics and HPN
characteristics of all included patients in this study. Then,
the prevalence of catheter-related complications including
catheter-related sepsis, catheter occlusion, catheter displacement, and catheter breakage was described. To analyze risk factors of catheter-related sepsis, patients were
divided into two groups according to the frequency of
catheter-related sepsis. Finally, the prevalence of HPNassociated liver/biliary disorders was described and the
risk factors were analyzed by dividing patients into two
groups depending on the presence or absence of liver/biliary disorders.
For quantitative data, results were expressed as
mean±standard error (mean±SE). The Student’s t-test was
used to compare the differences of continuous variables
of two groups. For qualitative data, results were expressed as effective number and percentage. Qualitative
data were compared using χ2 test. All statistical analyses
were performed using the Stata version 11.0. p<0.05 was
considered statistically significant.
RESULTS
Patients’ characteristics
A total of 47 adult patients with SBS who received longterm HPN were included in this study (Table 1). Almost
half of these patients (48.9%) were diagnosed as SBS
between the ages of 40-60 years. The most common reasons for SBS were mesenteric infarction (40.4%) and
volvulus (29.8%). The post-duodenal remnant small bow-
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Table 1. Patients’ characteristics of 47 adult patients
with short bowel syndrome receiving long-term home
parenteral nutrition
Characteristics
Total
Gender
Men
Women
Ages diagnosed as short bowel syndrome
<40
40-60
>60
Causes of bowel resection
Mesenteric infarction
Volvulus
Chronic intestinal pseudo-obstruction
Cohn’s disease
Surgical complications
Traumatism
Radiation enteritis
Remnant small bowel length (cm)
<50
50-100
>100
Digestive circuit anastomosis
End-enterostomy (type 1)
Jejunocolic anastomosis (type 2)
Jejunoileocolic anastomosis (type 3)

Patients (%)
47
21 (44.7)
26 (55.3)
17 (36.2)
23 (48.9)
7 (14.9)
19 (40.4)
14 (29.8)
5 (10.6)
4 (8.5)
2 (4.3)
2 (4.3)
1 (2.1)
33 (70.2)
10 (21.3)
4 (8.5)
11 (23.4)
32 (68.1)
4 (8.5)

Table 2. Home parenteral nutrition (HPN) characteristics of 47 adult patients with short bowel syndrome
receiving long-term HPN
Characteristics
Duration of HPN (years)
Age at HPN onset (years)
Times of HPN infusions (d/w)
Duration of infusion (h/d)
Oral/Enteral nutrition (n/total)
Delay between HPN onset and the first
infection (years)
Parenteral volume (ml/kg/d)
Parenteral energy intake (kcal/kg/d)
Parenteral glucose intake (g/kg/d)
Parenteral glucose intake (% energy intake)
Parenteral lipid intake (g/kg/d)
Parenteral lipid intake (% energy intake)
Types of catheters
CVC
PICC
Outcome, n (%)
Weaning off HPN
Continuing HPN
Death

Mean±SE
8.13±4.81
45.1±14.8
5.42±0.74
12.6±2.10
47/47
1.02±0.46
33.6±4.26
20.1±2.21
3.01±0.49
59.1±4.71
0.91±0.10
38.8±3.67
32 (68.1%)
15 (31.9%)
3 (6.4%)
38 (80.8%)
6(12.8%)

CVC: central venous catheter; PICC: peripherally inserted
central venous catheters; n: number.

el length of the majority of patients (70.2%) was <50 cm.
Meanwhile, the common digestive circuit anastomosis
was jejunocolic anastomosis (type 2). The longest followup female patient described, before undergoing an emergency operation resecting the entire small intestine and
right colon due to volvulus 30 years ago.
HPN characteristics
HPN characteristics of included patients are described in
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Table 2. Most of the patients (32/47) applied traditional
central venous catheter (CVC) to receive HPN while only
15 patients (15/47) applied peripherally inserted central
venous catheter (PICC). The overall duration mean HPN
was 8.13±4.81 years with HPN onset at ages of 45.1±14.8
years. In particular, 16 patients (34.0%) had HPN duration longer than 10 years, and the longest HPN duration
was 30 years. The mean daily infusion time was 12.6
hours, and the mean HPN infusion time was 5.42 days per
week. All patients received oral/enteral nutrition in our
study. The delay between HPN onset and the first catheter
infection was 1.02±0.46 years. The mean parenteral energy intake was 20.1 kcal/kg/d and the mean volume was
33.6 mL/kg/d. The composition of the parenteral nutrition
varied with a mean glucose 3.01 g/kg/d (accounting for
59.1% non-protein calories) and 0.91 g/kg/d lipid (accounting for 38.8% non-protein calories), respectively. At
the end of the follow up, 38 patients (80.8%) were still
depending on HPN, while 6 patients (12.8%) died from
long-term HPN associated severe liver diseases. Interestingly, 3 patients (6.4%) weaned off HPN after a mean
HPN duration of 4.5 years.
Catheter associated complications and risk factors
Catheter-related sepsis was the most common catheter
associated complication and the most common reason for
hospital readmission. The mean frequency of catheterrelated sepsis was 0.31±0.05 per catheter year of HPN
with a median frequency of 0.30 per catheter year of HPN
(Table 3). Only 2 patients never experienced catheterrelated sepsis episodes during the follow-up. It needs to
be emphasized that the mean frequency of catheterrelated sepsis of the longest follow-up patient was only
0.19 per catheter year of HPN. In addition, we observed
that the frequency of catheter sepsis was much higher
during the first 2 years of HPN than afterwards. Catheter
occlusion was the second most common catheter associated complication in this study with a mean frequency of
0.06±0.01 per catheter year of HPN. Fibrin sheaths and
blood clots were frequent reasons for catheter occlusion.
Catheter displacement and breakage were rare (<0.01 per
catheter year of HPN) complications associated with improper operation.
We divided the entire study population into two groups
according to the catheter-related sepsis incidence, as below or above the median value (0.30 per catheter year of
HPN). Risk factors for catheter-related sepsis are summarized in Table 4 and were higher incidence of catheterrelated infections (p<0.001) and shorter delay between
HPN onset and the first infection (p<0.001). Interestingly,
although not statistically significant (p>0.05), we found
that patients with more help of an experienced nurse at
home and patients applying PICC to receive HPN tended
to have a low the catheter-related sepsis incidence rate.
HPN-associated liver/biliary disorders
A total of 25 patients (53.2%) developed HPN-associated
liver/biliary disorders during the follow-up (Table 3). Out
of 47 patients, 5 (10.6%) and 7 (14.9%) patients developed steatosis and cholestasis, respectively. Thirteen patients (27.7%) developed both steatosis and cholestasis. It
needs to be emphasized that the liver function of the
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longest follow-up patient was normal except for the period of pregnancy. In addition, 11 patients (23.4%) developed cholelithiasis, and 7 of them underwent a cholestectomy for acute cholecystitis.
The entire study population was divided into two groups
according to whether the HPN-associated liver/biliary
disorders were present or not. Risk factors for biochemical liver/biliary disorders are summarized in Table 5 and
included a higher rate of catheter-related infections
(p=0.009), shorter delay between HPN onset and the first
infection (p=0.017), higher energy content of HPN
(p=0.014), higher glucose rate of HPN (p=0.009), and
lower lipid rate of HPN (p=0.022).
DISCUSSION
This study included 47 adult patients with SBS receiving
long-term HPN for more than 2 years, over a period of 30
years. As far as we know, this is the first study to focus
on the prevalence and risk factors of long-term HPNassociated complications in adult patients with SBS. The
mean frequency of catheter-related sepsis was 0.31 per
catheter year of HPN, and the identified risk factors for
catheter-related sepsis were higher incidences of catheterrelated infections and shorter delays between HPN onset
and the first infection. The prevalence of HPN-associated
liver/biliary disorders was 53.2%, and the identified risk
factors were higher rates of catheter-related infections,
shorter delays between HPN onset and the first infection,
higher energy content of HPN, higher glucose rate of
HPN, and lower lipid rate of HPN.
It was reported that HPN-dependency in patients with
SBS was 74%, 64% and 48% at 1, 2, and 5 years, respectively.8 In this study, the reason why we only included
patients who received more than 2 years of HPN was that
2 years is the theoretical duration of intestinal adaptation.9

Table 3. Prevalence of home parenteral nutrition
(HPN) associated complications in adult patients with
short bowel syndrome receiving long-term HPN
Complications
Catheter sepsis (per catheter year)
Catheter occlusion (per catheter year
Catheter displacement (per catheter year)
Catheter breakage (per catheter year)
Liver/biliary associated problems (%)
None
Steatosis
Cholestasis
Steatosis and cholestasis
Cholelithiasis

Frequency
0.31±0.05
0.06±0.01
<0.01
<0.01
22/47 (46.8)
5/47 (10.6)
7/47 (14.9)
13/47 (27.7)
11/47 (23.4)

Interestingly, 3 patients weaned off HPN after a mean
duration of 4.5 years in this study. In detail, we found that
the remnant small bowel lengths of these 3 patients were
>100 cm with part of the colon, which was consistent
with previous reports that HPN dependency was reduced
with a remaining colon >57% and a small bowel remnant
length >75 cm.22 Enteral nutrients have been reported to
be of particular importance in promoting the intestinal
adaptive response, presumably by stimulating pancreaticobiliary, gastrointestinal and gut hormone secretions.23
In order to promote the structural and functional adaptive
changes of remnant small bowel, all of the included patients in our study received oral/enteral nutrition.24 Our
findings suggested that postsurgical intestinal adaptation
in adult patients with SBS might be achieved after 2 years
of HPN dependency if there was enough remnant length
of small bowel and colon together with oral/enteral nutrition stimulation.
It has been reported that survival rates of patients with
SBS were over 80% and 70% at 2 and 5-years, respec-

Table 4. Comparison of two groups according to the catheter-related sepsis incidence as below and above the median
value (0.30 per catheter year of HPN)
Number of patients
Incidence of catheter-related infections (per catheter year)
Help of an experienced nurse at home (n/total)
Remnant small bowel length <50 cm (n/total )
Digestive circuit anastomosis (n/total)
Type 1
Type 2
Type 3
Types of catheters
CVC
PICC
Age at HPN onset (years)
HPN duration (years)
Delay between HPN onset and the first infection (years)
Oral/Enteral nutrition (n/total)
Parenteral volume (mL/kg/d)
Parenteral energy intake (kcal/kg/d)
Parenteral glucose intake (g/kg/d)
Parenteral glucose intake, (% energy intake)
Parenteral lipid intake (g/kg/d)
Parenteral lipid intake (% energy intake)
Parenteral infusions (d/w)
Parenteral infusion time (h/d)

<0.30
23
0.25±0.03
14/23
14/23

≥0.30
24
0.38±0.07
9/24
19/24

6/23
14/23
3/23

5/24
18/24
1/24

13/23
10/23
45.6±14.3
9.81±6.69
1.27±0.48
23/23
32.7±4.07
19.7±1.91
2.92±0.51
58.5±5.08
0.90±0.09
38.3±3.99
5.33±0.79
12.3±2.20

19/24
5/24
43.2±15.5
7.33±4.29
0.79±0.28
24/24
34.6±4.34
20.4±2.47
3.09±0.47
59.6±4.38
0.92±0.10
39.2±3.35
5.53±0.70
12.9±2.01

p
<0.001
0.109
NS
NS

0.096

CVC: central venous catheter; PICC: peripherally inserted central venous catheters; n: number.

NS
NS
<0.001
NS
NS
NS
NS
NS
NS
NS
NS
NS
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Table 5. Comparison of two groups according to whether the HPN-associated liver/biliary diseases were present or
not
Number of patients
Incidence of catheter-related infections (per catheter year)
Help of an experienced nurse at home (n/total)
Remnant small bowel length <50 cm (n/total)
Digestive circuit anastomosis (n/total)
Type 1
Type 2
Type 3
Types of catheters
CVC
PICC
Age at HPN onset (years)
HPN duration (years)
Delay between HPN onset and the first infection (years)
Oral/Enteral nutrition(n/total)
Parenteral volume (mL/kg/d)
Parenteral energy intake (kcal/kg/d)
Parenteral glucose intake (g/kg/d)
Parenteral glucose intake (% energy intake)
Parenteral lipid intake (g/kg/d)
Parenteral lipid intake (% energy intake)
Parenteral infusions (d/w)
Parenteral infusion time (h/d)

Present
25
0.36±0.09
12/25
21/25

Absent
22
0.29±0.07
9/22
12/22

6/47
17/47
2/47

5/47
15/47
2/47

15/23
8/23
42.3±14.4
9.86±5.19
0.88±0.37
25/25
34.6±3.99
20.9±2.41
3.21±0.08
60.7±4.26
0.89±0.09
37.6±3.12
5.40±0.78
12.9±1.86

17/24
7/24
48.2±14.9
7.48±6.05
1.19±0.50
22/22
32.7±4.38
19.3±1.77
2.76±0.10
57.2±4.58
0.95±0.10
40.1±3.88
5.47±0.71
12.2±2.32

p
0.019
NS
0.028
NS

NS
NS
NS
0.017
NS
NS
0.014
0.001
0.009
0.032
0.022
NS
NS

CVC: central venous catheter; PICC: peripherally inserted central venous catheters; n: number.

tively.9,25 In our study, 6 patients died from long-term
HPN associated severe liver diseases during the follow-up.
We analyzed the characteristics of these 6 patients and
found that digestive circuit anastomosis of 4 patients was
end-jejunostomy (type 1). Meanwhile, the remnant small
bowel length of 5 patients was <50 cm, which was consistent with the previous report that survival rates were
lowest in patients with end-jejunostomy and ultra-short
small bowl.26
Catheter-related infections were the most frequent
catheter-related complications while catheter-related sepsis accounted for 80% of catheter-related infections.27 The
mean frequency of catheter-related sepsis in our study
was 0.31 per catheter year, which was slightly lower than
the previously reported results (0.34 per catheter year).27
However, when we only calculated the incidence of catheter-related sepsis during the first 2 years of HPN, the
mean frequency of catheter-related sepsis was 0.38 per
catheter year. These findings were in accordance with the
results of other published studies that catheter-related
sepsis was more likely to occur during the first 2 years of
HPN.28,29 Thus, the overall low frequency of in our study
might be explained by the very long term HPN duration.
We tried to detect new risk factors involving the catheter-related sepsis in this study. Unfortunately, we failed to
show any new risk factors except for previously reported
risk factors: higher incidence of catheter-related infections and shorter delay between HPN onset and the first
infection.12 Interestingly, although not statistically significant, we found that patients with more help of an experienced nurse at home and patients applying PICC to receive HPN tended to have a lower catheter-related sepsis
incidence rate. This finding indicated the importance of
HPN training by an experienced nurse not only in hospital
but also at home.27 In addition, the finding was also con-

sistent with previously reports that the catheter-related
sepsis incidence rate between PICC and CVC was not
significantly different.28 The longer HPN duration was
reported to be associated with a lower incidence of catheter-related infection in previous studies.29 However, we
failed to identify the HPN duration as a risk factor for
catheter-related sepsis. It might be explained by the exclusion criteria that we excluded patients with HPN duration of less than 2 years. As mentioned above, catheterrelated sepsis was more likely to occur during the first 2
years of HPN. However, the mean HPN duration was
much longer than 2 years in this study. Therefore, HPN
duration might slightly contribute to the incidence of
catheter-related sepsis. We observed that short delays
between HPN onset and the first infection was a risk factor for catheter-related sepsis, which was consistent with
the results in children.30 The results indicated that early
episodes of catheter-related infections might suggest the
higher incidence of catheter-related sepsis during a long
term of HPN. However, a prospective study including
more patients should be performed to confirm these findings.
The mean frequency of catheter occlusion was 0.06 per
catheter year of HPN in this study, which was similar to
the previous results.27 Although the catheter displacement
and catheter breakage rarely occurred during the longterm duration of HPN, strict catheter care procedures
should be taken to reduce the incidence of these complications.31
Disorders of the liver/biliary system were the most
common complications in patients receiving HPN.32 The
prevalence of HPN-associated liver/biliary diseases were
variously reported by different studies.18,19,21 For example,
the reported incidences of abnormal enzyme elevations
varied from 25% to 100% in adult patients receiving HPN.
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There are several potential reasons for the great difference among studies. Firstly, the definition of hepatic dysfunction in most of studies primarily relied on the elevated concentration of liver enzymes and bilirubin, rather
than validated by biopsy. Secondly, the composition of
the HPN formulation has greatly changed over the past 30
years. Therefore, the different composition of the HPN
might affect the incidence of HPN-associated liver/biliary
disorders. In this study, the overall incidence of HPNassociated liver/biliary disorders was 53.2%, which was
in consistent with the previous results of adult patients
receiving long-term HPN.18,21
Various factors have been reported to contribute to the
incidence of HPN-associated liver/biliary disorders.32
Lack of enteral nutrition stimulation has been reported to
increase the incidence of HPN-associated liver/biliary
disorders by reducing the release of gastrointestinal hormones, such as CCK, stimulated by food intake.33 Thus,
various methods should be taken to optimize the enteral
route for feeding. All patients in this study received
oral/enteral nutrition even in a small amount where necessary. Catheter-related sepsis has been reported to be
significantly associated with cholestasis and various
measures should be taken to treat catheter sepsis and minimize the recurrence.34 Short residual small bowel has
also been identified as a risk factor of HPN-associated
liver/biliary diseases in various studies.36,37 In this study,
70.2% of patients had a short remnant small bowel length
(<50 cm), which might contribute to the incidence of
HPN-associated liver/biliary disorders.
HPN formulation and nutrient intakes have also been
reported to contribute to the incidence of HPN-associated
liver/biliary disorders.32 Excessive calorie intake is primarily responsible for the development of steatosis by
stimulating insulin release to promote hepatic fat deposition.38 Therefore, over-feeding should be avoided in patients receiving HPN. A balanced dextrose-fat PN formulation with less overall calories was reported to decrease
the incidence of steatosis.37 Intravenous fat emulsion
(IVFE) was reported to play an important role in the development of liver/biliary disorders, which depended on
the different fat sources, the phytosterol contents, and the
dosage. Long-chain triglycerides (LCT) might be more
likely to introduce hepatic complications than MCT-LCT
mixture.39 The phytosterol content of IVFE might also
contribute to the development of cholestasis by impairing
bile flow and causing biliary sludge and stones.40 In addition, high dose of IVFE was associated with HPNassociated liver/biliary disorders, especially when used
long-term.21 It is recommended that the IVFE content
should not exceed 2.5 g/kg/d in adult patients.41 In this
study, the mean parenteral energy intake was 20.1
kcal/kg/d, and provided a relatively balanced energy
source by adjusting the dextrose-fat ratio.
Infusion time is another concern that might contribute
to the development of HPN-associated liver/biliary disorders. Cyclic infusion of HPN, referring to the infusion of
a daily supply of HPN components over a <24 h period,
has been reported to result in a reduction of serum liver
enzyme concentrations and conjugated bilirubin concentrations in patients receiving HPN when compared with
continuous infusion.42 In our study, the mean daily infu-

sion time was 12.6 hours, and the mean time of HPN infusions was 5.42 days per week.
In conclusion, our study described a series of adult patients with SBS receiving long-term HPN for more than 2
years over a period of 30 years and focused on the prevalence and risk factors of catheter-related sepsis and HPNassociated liver/biliary disorders. However, due to the
limited number of patients, the results of this study should
be interpreted with caution. Further research is recommended in other clinical nutrition centers to further elucidate the prevalence and risk factors of HPN-associated
complications in adult patients with the SBS receiving
long-term HPN. Furthermore, the best treatment methods
of these complications should be assessed in further studies.
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