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Purpose: Parenteral nutrition (PN) not only provides nutritional support but also plays a crucial role in the treatment 

of children with intestinal failure. The aim of this study was to evaluate the clinical significance and clinical outcomes 

of long-term PN.

Methods: Retrospective cohort study was conducted using the medical records of patients treated at Seoul National 

University Children’s Hospital. This study included 19 patients who received PN for over six months. Most patients 

received home PN.

Results: The indications for PN included short bowel syndrome, chronic intestinal pseudo-obstruction, and intract-

able diarrhea of infancy. The median age of PN initiation was 1.3 years, and the median treatment duration was 

2.9 years. Two patients were weaned from PN; 14 continued to receive PN with enteral feedings; and 3 patients 

died. The overall survival rates at 2 and 5 years were 93.3% and 84.0%, respectively. The incidence of catheter-re-

lated bloodstream infections was 2.7/1,000 catheter-days and was associated with younger age at PN initiation and 

lower initial height Z-score. Six patients developed catheter-related central vein thrombosis, with an incidence of 

0.25/1,000 catheter-days. Eleven patients experienced PN-associated liver disease (PNALD), and one patient un-

derwent multi-visceral transplant. The patients with PNALD exhibited lower final heights and body weight Z-scores. 

All patients experienced micronutrient deficiencies transiently while receiving PN.

Conclusion: PN is an important and safe treatment for pediatric intestinal failure. PNALD was linked to final anthro-

pometric poor outcomes. Micronutrient deficiencies were common. Anthropometric measurements and micro-

nutrient levels must be monitored for successful PN completion.
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INTRODUCTION

Intestinal failure is characterized by a decreased 
amount of functional intestine, which is necessary 
for both proper digestion and absorption, which are 
required to maintain the appropriate fluid balance 
and nutrient amounts for the growth of the body [1]. 
The primary causes of intestinal failure include short 
bowel syndrome and gastrointestinal functional 
disorders. Functional disorders may be classified as 
motility disorders and mucosal diseases. Motility 
disorders include Hirschsprung’s disease and chron-
ic intestinal pseudoobstruction. Mucosal disorders 
include microvillous inclusion disease and tufting 
enteropathy [2].

Long-term parenteral nutrition (PN) therapy is 
necessary to provide patients with intestinal failure 
with sufficient body nutrients [3]. Home parenteral 
nutrition (HPN) is the primary treatment for pa-
tients with intestinal failure, as it allows them to live 
outside the hospital, which improves their quality of 
life. HPN also improves survival and social function-
ing and reduces health costs. HPN requires multi-
disciplinary cooperation among doctors, nurses, 
pharmacists, clinical dietitians, and psychologists 
[4,5]. The complications of PN include undernutri-
tion, hyperalimentation, central venous catheter-re-
lated infections and thrombosis, cholestasis, and liv-
er disease [6].

PN not only provides nutritional support but also 
plays a crucial role in the treatment of children with 
intestinal failure. The aim of this study was to vali-
date both the clinical significance and the clinical 
outcomes of long-term PN use in patients with 
chronic pediatric intestinal failure.

MATERIALS AND METHODS

A retrospective study was completed using pa-
tients’ medical records in the Department of Pedia-
trics, Seoul National University Children’s Hospital 
in Seoul, Korea. The study was performed from July 
2001 to June 2014. The Seoul National University 
Hospital institutional review board approved this 

retrospective medical record review (IRB No. H- 
1501-025-639). The present study included 19 sim-
ply consecutively recruited patients younger than 18 
years of age with chronic intestinal failure who re-
ceived PN for over six months. Seventeen of these 
patients received HPN. The current study was per-
formed to investigate and analyze the various factors 
affecting these patients’ clinical outcomes. These 
factors included the patients’ ages, genders, diag-
noses, ages at PN initiation, PN durations, anthro-
pometric measurements, central catheter types, PN 
complications, and final outcomes.

Cyclic PN was utilized in all patients providing 
PN-free intervals ranging from 4 to 12 hours daily. 
Magnesium sulfate; zinc sulfate; copper sulfate; 
manganese sulfate; chromium chloride; vitamins A, 
B1, B2, B3, B6, C, D, E; and selenium were added to 
the parenteral formulations. Ferric iron, folic acid 
and vitamin D were supplemented orally if available. 
The PN compositions were modified to individual 
needs according to the references [7,8]. The PN was 
prepared in consultation with a nutritional support 
team and was mixed using an automated com-
pounding device (MicroMacro Compounder; RS-232, 
Baxa Corporation, Englewood, CO, USA). Health 
care professionals provided instruction to HPN care-
givers regarding self-care for central lines and the 
administration of PN during patient hospitalization. 
After subjects were discharged, home care nurses 
monitored caregivers’ abilities to manage PN at pa-
tients’ homes.

The complications of PN therapy were as follows. 
Catheter-related bloodstream infections (CRBSIs) 
were defined as the growth of the same organism 
from at least one peripheral blood culture and from 
the removed catheter tip culture. If the catheter was 
not removed, CRBSIs were defined as growth of the 
same organism from at least two blood cultures (one 
from the central catheter and the other from periph-
eral blood) that met CRBSI criteria for differential 
time to positivity [9]. Venography is the gold stand-
ard method for catheter-related central vein throm-
bosis diagnosis. However, ultrasonography is the 
clinically preferred method due to its noninvasi-
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Table 1. Patient Characteristics

Variable Value

Age (yr) 9.9 (1.3-21.6)
Gender
  Male 8 (42.1)
  Female 11 (57.9)
Age at PN initiation (yr) 1.3 (0.04-17.9)
Duration of PN treatment (yr) 2.9 (0.67-13.0)
Central catheter
  Chemoport 18 (94.7)
  Hickman 1 (5.3)
Etiology
  Short bowel syndrome 7 (36.8)
  Chronic intestinal pseudo-obstruction 5 (26.3)
  Intractable diarrhea of infancy 5 (26.3)
  Other diagnoses 2 (10.5)

Values are presented as median (range) or number (%).
PN: parenteral nutrition.

veness and accessibility [10,11]. Catheter-related 
thrombosis was diagnosed via ultrasonography in 
this study. Parenteral nutrition-associated liver dis-
ease (PNALD) was defined by at least two sequential 
measurements of direct bilirubin ＞2.0 mg/dL ex-
cluding other causes of liver dysfunction [12].

The current study used the lowest micronutrient 
level during the follow-up period to define micro-
nutrient deficiencies. The normal micronutrient val-
ues were as follows: vitamin D, ＞20 ng/mL; vitamin 
B, 211-911 pg/mL; folate, ＞6 ng/mL; copper, 80-155 
μg/dL; iron, 50-175 μg/dL; selenium, 75-205 μg/L; 
magnesium, 1.5-2.3 mg/dL; and zinc, 80-120 μg/dL. 
Iron deficiency was defined as a serum iron level ＜50 
mg/dL, transferrin saturation ＜20%, or serum ferri-
tin ＜30 ng/mL for males and premenarchal females 
and ＜15 ng/mL for postmenarchal females [13].

Both initial and final anthropometric indices were 
measured, including height, weight, and body mass 
index (BMI). Z-scores were calculated using the 
modified lambda-mu-sigma (LMS) method, using 
both the 2006 World Health Organization (WHO) 
Child Growth Standards and the 2007 WHO Growth 
Reference.

Statistical analysis
The data were analyzed using IBM SPSS Statistics 

version 21 for Windows (IBM Co., Armonk, NY, 
USA). Fisher’s exact test and a binary logistic re-
gression model were used for the univariate analysis. 
The odds ratio (OR) and 95% confidence interval 
(CI) were calculated. A two-sided p-value ＜0.05 was 
considered statistically significant. The median val-
ues were used as the center values for non-normally 
distributed data. Nonparametric statistical methods, 
such as the Mann-Whitney U test and the Wilcoxon 
signed rank test, were used for non-normally dis-
tributed data. Survival curves were obtained using 
the Kaplan-Meier method. The statistical analysis 
was reviewed by the Seoul National University 
Hospital Medical Research Collaborating Center.

RESULTS

Patient characteristics
Nineteen children were recruited for this study (8 

were male). The patient characteristics are provided 
in Table 1. The median age of the patients was 9.9 
years, and the median age at PN initiation was 1.3 
years; the median duration of PN treatment was 2.9 
years. Four patients started PN when they were over 
10 years of age. The most commonly used central 
catheter was the chemoport, which was used in 18 
children. Only one child used a Hickman catheter.

The patients with primary intestinal failure were 
diagnosed with short bowel syndrome (36.8%), 
chronic intestinal pseudo-obstruction (26.3%), in-
tractable diarrhea of infancy (26.3%), and other di-
agnoses (10.5%). Among the seven short bowel syn-
drome patients, four had neonatal-onset. One of the 
patients with other diagnoses had cerebral palsy 
with cyclic vomiting syndrome and severe feeding 
intolerance. The other patient had a feeding disorder 
and chronic diarrhea after liver transplantation due 
to biliary atresia.

Complications
Thirteen patients developed CRBSIs while receiv-

ing PN; the incidence was 2.7/1,000 catheter-days 
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Table 2. Clinical Outcomes

Variable Value

Complications 
  CRBSIs (/1,000 catheter-days) 2.7 (68.4)
  Catheter-related thrombosis 
    (/1,000 catheter-days)

0.25 (31.6)

  PNALD 11 (57.9)
Final outcomes, n (%)
  Weaned from PN 2 (10.5)
  PN with enteral feeding 14 (73.7)
  Death 3 (15.8)
Current states of PN
  PN formulations
    Hospital-mixed 6 (42.9)
    Commercial bag 8 (57.1)
  Enteral calorie (%)* 43.3±29.8
  Parenteral calorie (%)* 56.7±29.8

Values are presented as number (%) or mean±standard deviation.
CRBSIs: catheter-related bloodstream infections, PNALD: paren-
teral nutrition-associated liver disease, PN: parenteral nutrition.
*Percentage of total calorie intake.

Fig. 1. The lifetime experience of micronutrient deficiencies 
while receiving parenteral nutrition.

(Table 2). The patients who developed CRBSIs had 
younger ages at PN initiation and lower initial height 
Z-scores, as determined by the Mann-Whitney test 
(p=0.014, p=0.011). Patients’ underlying diagnoses 
were not significant risk factors.

Six patients developed catheter-related thrombo-
sis; the incidence was 0.25/1,000 catheter-days 
(Table 2). Two of them had an initial symptom of dif-
ficulty in flushing the catheter but four patients were 
asymptomatic. There were no significant predispos-
ing factors, including the age at PN initiation, the pa-
tients’ underlying diagnoses, or the patients’ dura-
tions of PN therapy.

Eleven patients (57.9%) developed PNALD (Table 
2), and all but one patient recovered. Patients’ ages, 
diagnoses, CRBSIs, enteral feeding tolerances, and 
treatment durations were not significantly related to 
PNALD.

All patients developed micronutrient deficiencies 
while receiving PN. The lifetime micronutrient defi-
ciency percentages are included in Fig. 1. Patients 
who had received PN for over 3 years had a higher in-
cidence of vitamin B12 deficiency, as determined by 
Fisher’s exact test (p=0.023). Their vitamin B12 de-

ficiency risk was 14-fold greater than that of patients 
who had received PN for less than 3 years, as de-
termined by binary logistic regression (p=0.019; Exp 
(B) OR=14.0; 95% CI, 1.5-127.2). Patients with vita-
min B12 deficiency exhibited longer PN treatment 
durations and lower final body weight Z-scores 
(p=0.007, 0.011). Patients with zinc deficiency ex-
hibited lower initial height Z-scores, as determined 
by the Mann-Whitney test (p=0.016). No other mi-
cronutrient deficiencies were significantly related to 
PN therapy.

Of the seven short bowel syndrome patients, 
57.1% had CRBSIs, 28.6% had catheter-related 
thrombosis and 71.4% had PNALD, and these per-
centages were not significantly different from the 
overall study group. All patients had vitamin D and 
copper deficiency, but none of them had vitamin B12 
or zinc deficiency. Most of the patients had surgery 
that preserved the ileocecal valve, and this preserva-
tion could explain the absence of vitamin B12 
deficiency. Remaining small intestine lengths were 
also analyzed for the short bowel syndrome patients. 
The median length of the remaining small intestine 
was 30 cm (missing data, n=1). CRBSIs, catheter-re-
lated thrombosis, and PNALD were not significantly 
related to remaining small intestine lengths.

All of the incidences of PN complications, includ-
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Fig. 2. The Kaplan-Meier cumulative survival curve for the 
patients who received long-term parenteral nutrition treatment.
The overall survival rates at 2 and 5 years were 93.3% and 
84.0%, respectively. TPN: Total parenteral nutrition.

ing micronutrient deficiencies, had decreased from 
the first year to the last year of the study except for 
the vitamin D deficiencies. None of the vitamin B12 
and zinc deficiencies occurred during the last year of 
PN. Only one selenium deficiency occurred during 
the last year of PN.

Final outcomes
The patients’ final clinical outcomes are provided 

in Table 2. Two patients (10.5%) were weaned from 
PN and are currently receiving enteral feeding; 14 
(73.7%) received PN with enteral feeding; and 3 pa-
tients (15.8%) died. The causes of death were malnu-
trition secondary to poor compliance, septic shock, 
and respiratory arrest secondary to underlying neu-
romuscular disease.

Enteral nutrition (EN) was started whenever pos-
sible in all patients. The main cause of maintaining 
only PN was feeding intolerance with vomiting or 
diarrhea. The median age at EN initiation was 1.5 
years; the median duration of EN was 2.9 years. Age 
at EN initiation and EN duration were not related to 
any of the PN complications, including micro-
nutrient deficiencies, or clinical outcomes. Nine pa-
tients had intermittent EN and ten patients had sus-
tained EN. PN complications and clinical outcomes 
were not significantly related in either group.

The final mean PN calorie percentage with respect 
to the total calorie intake was 56.7%. PN calorie per-
centage was not significantly related to the weaning 
from PN and micronutrient deficiencies. Six patients 
had PN calorie percentages greater than 70%. Their 
PN complications, including micronutrient deficien-
cies and clinical outcomes, were not significantly dif-
ferent from those of the other patients. Of the 14 pa-
tients currently receiving PN, 6 (42.9%) were receiv-
ing hospital-mixed formulations, and 8 (57.1%) 
were receiving commercial PN bags.

One of the patients who developed PNALD under-
went multi-visceral transplant that included the liv-
er and intestine.

The overall survival rates at 2 and 5 years were 
93.3% and 84.0%, respectively, as determined by the 
Kaplan-Meier method. The cumulative survival 

curve is displayed in Fig. 2. There were no factors sig-
nificantly related to survival, including the age at PN 
initiation, the patient’s underlying diagnosis, and 
the duration of PN treatment.

Final anthropometric outcomes
Both the median body weight and BMI Z-score im-

proved following PN treatment, as determined by 
the Wilcoxon signed rank test (p=0.049, p=0.003). 
The height Z-score did not decrease compared with 
the baseline value.

A final body weight Z-score ＜−2 was signifi-
cantly associated with CRBSIs, as determined by 
Fisher’s exact test (p=0.044). The patients with 
PNALD exhibited lower final body weight Z-scores 
and lower final height Z-scores, as determined by the 
Mann-Whitney test (p=0.026, p=0.026). Patients’ 
underlying diseases were not significantly asso-
ciated with growth failure.

DISCUSSION

Patients with chronic intestinal failure who were 
hospitalized at Seoul National University Children’s 
Hospital experienced acceptable clinical outcomes 
following long-term PN treatment.

Most likely due to the assistance of a multi-
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Table 3. Comparison of the Clinical Outcomes

Outcome
Present 
study

Previous 
studies

Two-year survival rate (%) 93.3 93.3 [14]
CRBSIs (/1,000 catheter-days) 2.7 3.7-11 [20,22]
Catheter-related thrombosis 
  (/1,000 catheter-days)

0.2-0.25 0.25 [24-27]

PNALD (%) 57.9 60.8 [33]

CRBSIs: catheter-related bloodstream infections, PNALD: paren-
teral nutrition-associated liver disease.

disciplinary nutritional support team, the 2-year sur-
vival rate over the past two decades has improved 
from 70.6% (1990-1994) to 93.3% (2005-2009), 
based on the results of previous study [14]. The 
2-year survival rate in the current study was 93.3%, 
which was similar to the aforementioned results 
(Table 3), but there was no significant factor that ap-
peared to affect patient survival, including the age at 
PN initiation, patients’ underlying diagnoses, and 
treatment duration.

Previous reports indicated that the mortality rate 
during the initial years of HPN therapy was high and 
was apparently related to patients’ underlying diag-
noses. Nevertheless, the mortality rate in the pre-
vious study was related to the adverse effects of 
long-term PN therapy in patients receiving long- 
term HPN [15]. Each of the three patients in the 
present study who died had received PN for over a 
year; two died due to complications of PN treatment, 
and one died due to an underlying disease.

A recent review demonstrated that the risk factors 
for survival included prematurity, an age less than 2 
years, an underlying diagnosis (necrotizing enter-
ocolitis, congenital mucosal disease), the lack of a 
professional nutritional support team, and liver fail-
ure due to intestinal failure-associated liver disease. 
An ultra-short bowel and the existence of a stoma 
were each risk factors for short bowel syndrome in 
children. Other HPN-related complications were not 
related to the survival rate [16].

Previously, researchers hypothesized that patients 
with inflammatory bowel disease and short bowel 
syndrome had the best outcomes, as well as that pa-

tients with intractable diarrhea of infancy had the 
lowest survival rate. In one study, patients with 
chronic intestinal pseudo-obstruction were also 
found to have low survival rate [17]. However, the 
current study revealed no relationship between sur-
vival and patients’ diagnoses.

The overall incidence of CRBSIs was higher among 
patients who had received HPN for over 90 days com-
pared with patients who had received HPN for less 
than 30 days [18]. Therefore, the references pertain-
ing to patients receiving PN for over 30 days were 
reviewed. The documented incidence of CRBSIs in 
children was 0.9-11/1,000 catheter days [19-22]. The 
overall incidence increased to 3.7-11/1,000 catheter 
days if studies that did not utilize ethanol-lock ther-
apy were reviewed [20,22]. The incidence of CRBSIs 
in the present study was 2.7/1,000 catheter-days, in 
the absence of ethanol-lock therapy (Table 3). There-
fore, bloodstream infections were well-controlled 
compared with the previous study results. Based on 
the results of previous studies, patients with in-
testinal failure had the highest incidence of CRBSIs 
during the first month of HPN therapy. Additionally, 
the infants had a significantly higher incidence of 
bloodstream infections compared with older chil-
dren, and an age of less than 3 years was a significant 
risk factor [18,22]. This finding was consistent with 
the results of this study, as the majority of patients 
who developed a bloodstream infection began re-
ceiving PN at a younger age.

It has been suggested that patients with short 
bowel syndrome develop more CRBSIs than patients 
with chronic intestinal pseudo-obstruction syn-
drome [23]. The present study demonstrated that 
patients’ underlying diagnoses were not significant 
risk factors for bloodstream infection.

The incidence of catheter-related thrombosis was 
thought to be higher in children, as they have small-
er blood vessels than adults [24]. The incidences of 
catheter-related thrombosis were 33% and 0.2-0.25/ 
1,000 catheter-days in previous reports (Table 3), the 
results of which were similar to the results of this 
study (31.6%, 0.25/1,000 catheter-days) [24-27]. No 
factor, including the age at PN initiation, patients’ 
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underlying diagnoses, and the duration of PN treat-
ment, appeared to significantly influence these 
results.

Several studies have suggested that the incidence 
of catheter-related thrombosis did not significantly 
correlate to the duration of central venous catheter-
ization [28-32]. From a previous report, catheter-re-
lated thrombosis occurred mainly in the 8 days after 
catheterization and showed a similar prevalence dur-
ing the study period. This occurrence was explained 
by the fact that the endothelial damage due to the 
vein puncture was healed in the 8 days after cathe-
terization and the thrombosis developed mostly in 
the first days after catheterization. Therefore, the 
overall catheter-related thrombosis incidence was 
similar during the study period [28]. In the present 
study, all of the patients had more than six months 
of total central venous catheter duration, which 
would not have affected the catheter-related throm-
bosis incidence.

Based on previous mixed-population results, the 
incidence of PNALD was 49.8%. However, the in-
cidence of PNALD in children receiving long-term 
PN treatment (＞60 days) was 60.8% [33]. The in-
cidence of PNALD was 57.9% in the present study, 
which was consistent with the results of previous 
studies in patients receiving long-term PN treatment 
(Table 3). Each of the patients with PNALD recov-
ered, with the exception of one patient who under-
went multi-visceral transplantation.

The risk factors for intestinal failure-associated 
liver disease included age, prematurity, diagnosis, 
CRBSIs, bacterial overgrowth, and enteral feeds. 
Treatment-associated risk factors included PN com-
position, PN duration, surgical procedure outcomes, 
and toxicity due to antibiotics [34]. Based on the re-
sults of the current study, factors such as age, under-
lying diagnoses, CRBSIs, enteral feeding tolerance, 
and PN duration were not related to the develop-
ment of PNALD.

Micronutrient deficiency studies were undertaken 
only during the parenteral nutrition to enteral nu-
trition transition period, as well as following the ini-
tiation of full enteral feeding. As the patients in this 

study were receiving primarily PN by the end of the 
study, the aforementioned review included only the 
transition period. Based on the results of previous 
studies, multiple micronutrient deficiencies occurred 
most often during the transition period, and mineral 
deficiencies were more frequent than vitamin defi-
ciencies. Therefore, the authors recommended that 
manufacturers produce mineral supplements for pa-
tients receiving long-term PN. A significantly higher 
incidence of mineral deficiencies was noted among 
the children with weight-for-age Z-scores ＜−2 and 
height-for-age Z-scores ＜−2 during the transition 
period [13]. Another study revealed that the in-
cidence of mineral deficiency was significantly lower 
among patients with higher height-for-age Z-scores 
[35]. These results were consistent with those of the 
current study, as we determined that patients with 
zinc deficiency had lower initial height-for-age 
Z-scores.

In this study, the risk of vitamin B12 deficiency 
was greater among the patients who had received PN 
for more than 3 years compared with the patients 
who had received PN for less than 3 years. This result 
may be explained by the fact that the initial multi-
vitamin formulation, M.V.H.Ⓡ (Whanin Pharm. Co., 
Ltd., Seoul, Korea), did not contain vitamin B12. The 
introduction of an intramuscular vitamin B12 in-
jection and TamipoolⓇ (Celltrion, Inc., Incheon, 
Korea), which consisted of a multivitamin including 
vitamin B12, might have corrected this deficiency.

Vitamin B12 and zinc deficiencies were common 
in this study group. However, 78% of the vitamin B12 
deficiencies occurred in the first year of PN and were 
corrected with the sustained supply. In addition, 
none of the vitamin B12 and zinc deficiencies oc-
curred during the last year of PN. These results may 
be supported by the improvement of the PN compo-
sition with micronutrients over the study period, 
such as changing the multivitamin formulation 
M.V.H.Ⓡ to vitamin B12 consisting TamipoolⓇ or ad-
ministering an intramuscular vitamin B12 injection. 
All of the zinc deficiencies were transient and were 
corrected after changing the PN composition accord-
ing to the regular monitoring. Furthermore, the low-
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est zinc levels were all greater than 65 μg/dL.
The results of a previous study indicated that fo-

late deficiency was not detected during the tran-
sition period, most likely as a result of intraluminal 
bacterial folate production [13,36]. However, folate 
deficiency was common among the patients in this 
study group (89.5%).

Comparing the first year to the last year of the 
study, all of the incidences of PN complications, in-
cluding micronutrient deficiencies, had decreased 
except for the vitamin D deficiencies. This decrease 
could be explained by the fact that vitamin D may be 
supplied more effectively per oral than an intra-
venous route, but the patients had difficulty taking 
oral supplements due to their symptoms and had de-
creased bowel absorption due to their underlying 
disease. Only one event of CRBSI and PNALD oc-
curred during the last year of the study. During the 
last year of PN, vitamin B12 and zinc deficiencies 
were not present, and only one selenium deficiency 
was detected. This occurrence could be explained by 
the improvement of PN composition with micro-
nutrients and PN management over the study period.

In the present study, children receiving long-term 
PN treatment experienced improvements in their 
body weights and BMI, and their heights did not de-
crease compared with their baseline values. The rea-
sons for their short statures included genetic predis-
position due to underlying diseases and either enter-
opathy or intestinal mucosal inflammation [37]. 
Underlying disease was not significantly associated 
with growth failure in this study.

The present study was involved rare nutritional 
outcomes, including micronutrient deficiencies, and 
anthropometric measurements associated with 
long-term PN.

There were several limitations of the present 
study, due to both its small sample size and its retro-
spective design. Because the incidence of chronic in-
testinal failure with the treatment of HPN over 6 
months is rare in the pediatric population and be-
cause it is difficult to predict the patient outcomes, a 
prospective study could not be designed easily. The 
study was conducted at a single center in a homoge-

neous ethnic group, and the results may be different 
if a study was conducted in a multicenter heteroge-
neous group. However, the data from this center may 
be regarded as the general outcome of chronic in-
testinal failure in children in Korea because this cen-
ter is the largest children’s hospital in the country.

PN is both a crucial and a relatively safe treatment 
for patients with pediatric intestinal failure. CRBSIs 
and PNALD were significantly related to the final an-
thropometric measurements. Although most of the 
PNALD events were transient and improved shortly 
after supportive management, PNALD influenced 
the nutritional outcomes.

Transient micronutrient deficiencies, which were 
generally corrected after changing the PN composi-
tion, were frequently observed among these patients. 
Body weight, height and BMI Z-scores did not de-
crease compared with to initial values.

Controlling PN complications and closely mon-
itoring patients’ individual anthropometric meas-
urements and micronutrient levels are necessary for 
successful PN therapy.

ACKNOWLEDGEMENTS

This study was supported by grant number 0420-
143120 from the SNUH Research Fund. 

REFERENCES

1. Goulet O, Ruemmele F. Causes and management of in-
testinal failure in children. Gastroenterology 2006; 
130(2 Suppl 1):S16-28.

2. Goulet O. Intestinal failure in children. Transplant 
Proc 1998;30:2523-5.

3. American Gastroenterological Association. American 
Gastroenterological Association medical position sta-
tement: parenteral nutrition. Gastroenterology 2001; 
121:966-9.

4. Norman JL, Crill CM. Optimizing the transition to 
home parenteral nutrition in pediatric patients. Nutr 
Clin Pract 2011;26:273-85.

5. Dibb M, Teubner A, Theis V, Shaffer J, Lal S. Review 
article: the management of long-term parenteral nut-
rition. Aliment Pharmacol Ther 2013;37:587-603.

6. Shulman RJ, Phillips S. Parenteral nutrition in infants 



52　　　　Vol. 19, No. 1, March 2016

Pediatr Gastroenterol Hepatol Nutr

and children. J Pediatr Gastroenterol Nutr 2003;36: 
587-607.

7. ASPEN Board of Directors and the Clinical Guidelines 
Task Force. Guidelines for the use of parenteral and en-
teral nutrition in adult and pediatric patients. JPEN J 
Parenter Enteral Nutr 2002;26(1 Suppl):1SA-138SA.

8. Koletzko B, Goulet O, Hunt J, Krohn K, Shamir R; 
Parenteral Nutrition Guidelines Working Group; 
European Society for Clinical Nutrition and Metabo-
lism; European Society of Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN); European 
Society of Paediatric Research (ESPR). 1. Guidelines on 
Paediatric Parenteral Nutrition of the European 
Society of Paediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) and the European Society 
for Clinical Nutrition and Metabolism (ESPEN), Sup-
ported by the European Society of Paediatric Research 
(ESPR). J Pediatr Gastroenterol Nutr 2005;41 Suppl 2: 
S1-87.

9. Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, 
O'Grady NP, et al. Clinical practice guidelines for the 
diagnosis and management of intravascular cathe-
ter-related infection: 2009 Update by the Infectious 
Diseases Society of America. Clin Infect Dis 2009;49: 
1-45.

10. Rooden CJ, Tesselaar ME, Osanto S, Rosendaal FR, 
Huisman MV. Deep vein thrombosis associated with 
central venous catheters - a review. J Thromb Haemost 
2005;3:2409-19.

11. Cuerda C, Joly F, Corcos O, Concejo J, Puiggrós C, Gil 
C, et al; HAH-CIF ESPEN Group. Prospective study of 
catheter-related central vein thrombosis in home pa-
renteral nutrition patients with benign disease using 
serial venous Doppler ultrasound. Clin Nutr 
2016;35:153-7.

12. Nandivada P, Carlson SJ, Chang MI, Cowan E, Gura 
KM, Puder M. Treatment of parenteral nutrition-asso-
ciated liver disease: the role of lipid emulsions. Adv 
Nutr 2013;4:711-7.

13. Ubesie AC, Kocoshis SA, Mezoff AG, Henderson CJ, 
Helmrath MA, Cole CR. Multiple micronutrient defi-
ciencies among patients with intestinal failure during 
and after transition to enteral nutrition. J Pediatr 
2013;163:1692-6.

14. Hess RA, Welch KB, Brown PI, Teitelbaum DH. 
Survival outcomes of pediatric intestinal failure pa-
tients: analysis of factors contributing to improved sur-
vival over the past two decades. J Surg Res 2011; 
170:27-31.

15. Pironi L, Joly F, Forbes A, Colomb V, Lyszkowska M, 
Baxter J, et al; Home Artificial Nutrition & Chronic 

Intestinal Failure Working Group of the European 
Society for Clinical Nutrition and Metabolism (ESPEN). 
Long-term follow-up of patients on home parenteral nu-
trition in Europe: implications for intestinal trans-
plantation. Gut 2011;60:17-25.

16. Pironi L, Goulet O, Buchman A, Messing B, Gabe S, 
Candusso M, et al; Home Artificial Nutrition and 
Chronic Intestinal Failure Working Group of ESPEN. 
Outcome on home parenteral nutrition for benign in-
testinal failure: a review of the literature and bench-
marking with the European prospective survey of 
ESPEN. Clin Nutr 2012;31:831-45.

17. Colomb V, Dabbas-Tyan M, Taupin P, Talbotec C, 
Révillon Y, Jan D, et al. Long-term outcome of children 
receiving home parenteral nutrition: a 20-year sin-
gle-center experience in 302 patients. J Pediatr Gast-
roenterol Nutr 2007;44:347-53.

18. Mohammed A, Grant FK, Zhao VM, Shane AL, Ziegler 
TR, Cole CR. Characterization of posthospital blood-
stream infections in children requiring home paren-
teral nutrition. JPEN J Parenter Enteral Nutr 2011; 
35:581-7.

19. Piper HG, Wales PW. Prevention of catheter-related 
blood stream infections in children with intestinal 
failure. Curr Opin Gastroenterol 2013;29:1-6.

20. Mouw E, Chessman K, Lesher A, Tagge E. Use of an 
ethanol lock to prevent catheter-related infections in 
children with short bowel syndrome. J Pediatr Surg 
2008;43:1025-9.

21. Wales PW, Kosar C, Carricato M, de Silva N, Lang K, 
Avitzur Y. Ethanol lock therapy to reduce the incidence 
of catheter-related bloodstream infections in home pa-
renteral nutrition patients with intestinal failure: pre-
liminary experience. J Pediatr Surg 2011;46:951-6.

22. Zamvar V, Puntis JW, Gupte G, Lazonby G, Holden C, 
Sexton E, et al. Social circumstances and medical com-
plications in children with intestinal failure. Arch Dis 
Child 2014;99:336-41.

23. Moukarzel AA, Haddad I, Ament ME, Buchman AL, 
Reyen L, Maggioni A, et al. 230 patient years of experi-
ence with home long-term parenteral nutrition in child-
hood: natural history and life of central venous 
catheters. J Pediatr Surg 1994;29:1323-7.

24. van Ommen CH, Tabbers MM. Catheter-related 
thrombosis in children with intestinal failure and 
long-term parenteral nutrition: how to treat and to pre-
vent? Thromb Res 2010;126:465-70.

25. Buchman AL, Misra S, Moukarzel A, Ament ME. 
Catheter thrombosis and superior/inferior vena cava 
syndrome are rare complications of long term paren-
teral nutrition. Clin Nutr 1994;13:356-60.



www.pghn.org　　　　53

Shin Jie Choi, et al：Prognostic Factors in Patients with PN-Dependent Pediatric Intestinal Failure

26. Vegting IL, Tabbers MM, Benninga MA, Wilde JC, 
Serlie MJ, Tas TA, et al. Prophylactic anticoagulation 
decreases catheter-related thrombosis and occlusion in 
children with home parenteral nutrition. JPEN J 
Parenter Enteral Nutr 2012;36:456-62.

27. Diamanti A, Basso MS, Castro M, Calce A, Pietrobattista 
A, Gambarara M. Prevalence of life-threatening com-
plications in pediatric patients affected by intestinal 
failure. Transplant Proc 2007;39:1632-3.

28. De Cicco M, Matovic M, Balestreri L, Panarello G, 
Fantin D, Morassut S, et al. Central venous thrombosis: 
an early and frequent complication in cancer patients 
bearing long-term silastic catheter. A prospective 
study. Thromb Res 1997;86:101-13.

29. Beck C, Dubois J, Grignon A, Lacroix J, David M. 
Incidence and risk factors of catheter-related deep vein 
thrombosis in a pediatric intensive care unit: a pro-
spective study. J Pediatr 1998;133:237-41.

30. Kakzanov V, Monagle P, Chan AK. Thromboembolism 
in infants and children with gastrointestinal failure re-
ceiving long-term parenteral nutrition. JPEN J Paren-
ter Enteral Nutr 2008;32:88-93.

31. Male C, Chait P, Andrew M, Hanna K, Julian J, Mitchell 
L; PARKAA Investigators. Central venous line-related 
thrombosis in children: association with central venous 
line location and insertion technique. Blood 2003;101: 
4273-8.

32. Mehta S, Connors AF Jr, Danish EH, Grisoni E. 

Incidence of thrombosis during central venous cathe-
terization of newborns: a prospective study. J Pediatr 
Surg 1992;27:18-22.

33. Lauriti G, Zani A, Aufieri R, Cananzi M, Chiesa PL, 
Eaton S, et al. Incidence, prevention, and treatment of 
parenteral nutrition-associated cholestasis and in-
testinal failure-associated liver disease in infants and 
children: a systematic review. JPEN J Parenter Enteral 
Nutr 2014;38:70-85.

34. Lacaille F, Gupte G, Colomb V, D'Antiga L, Hartman 
C, Hojsak I, et al; ESPGHAN Working Group of Intesti-
nal Failure and Intestinal Transplantation. Intestinal 
failure-associated liver disease: a position paper of the 
ESPGHAN Working Group of Intestinal Failure and 
Intestinal Transplantation. J Pediatr Gastroenterol 
Nutr 2015;60:272-83.

35. Yang CF, Duro D, Zurakowski D, Lee M, Jaksic T, 
Duggan C. High prevalence of multiple micronutrient 
deficiencies in children with intestinal failure: a longi-
tudinal study. J Pediatr 2011;159:39-44.e1.

36. Camilo E, Zimmerman J, Mason JB, Golner B, Russell 
R, Selhub J, et al. Folate synthesized by bacteria in the 
human upper small intestine is assimilated by the host. 
Gastroenterology 1996;110:991-8.

37. Pichler J, Chomtho S, Fewtrell M, Macdonald S, Hill 
SM. Growth and bone health in pediatric intestinal fail-
ure patients receiving long-term parenteral nutrition. 
Am J Clin Nutr 2013;97:1260-9.


