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ARTICLE INFO ABSTRACT
Keywords: Background: Many children with intestinal failure (IF) have gastrostomy tubes (G-tubes) for
Intestinal failure enteral nutrition. G-tubes are often placed at index admission and not removed until after
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parenteral nutrition (PN) is weaned off. This study aims to describe the evolution of G-tube
management within an intestinal rehabilitation program that changed focus to prioritize oral
feeding.

Material and methods: This is a retrospective review of electronic medical records of pediatric
patients in a regional multidisciplinary intestinal rehabilitation program between 2008 and 2024.
Two distinct management eras coincided with increased emphasis on oral nutrition. Early G-tube
closure (prior to PN cessation) and traditional G-tube closure (after PN cessation) cohorts were
compared using t-tests.

Results: Seventy-eight percent (n = 114) of children underwent G-tube placement at median age
of 3 months; 75 % were performed during index admission. From 2008-2015, there were 16 G-
tube closures (8 early, 8 traditional), representing 28 % of all G-tubes in this early era. From
2016-2024, there were 40 G-tube closures (23 early, 17 traditional), representing 70 % of all G-
tubes in this later era. Most closures were performed surgically. Among children with early G-tube
closure, 25 % attained enteral autonomy while oral intake and growth progressed.

Conclusion: In an intestinal rehabilitation program with a renewed focus on oral feeding, more
children underwent G-tube closure while dependent on PN and were still able to reach enteral
autonomy. G-tube placement may not be necessary for all children with IF, and placement de-
cisions should be made within a multidisciplinary intestinal rehabilitation program.

Introduction

Pediatric intestinal failure (IF) is a rare condition that requires complex multidisciplinary medical and surgical care including
specialized nutritional management. Changes in contemporary pediatric IF management, including optimized parenteral nutrition
(PN) formulations with decreased risk of hepatic complications, and surgical techniques to lengthen and taper the small bowel remnant
have led to a dramatic increase in patient survival [1]. Intestinal rehabilitation is now the primary focus in the management of children

* Correspondence to: Division of Pediatric General and Thoracic Surgery, Seattle Children’s Hospital, 4800 Sand Point Way NE, Ocean 9.A.220,
Seattle, WA 98105, USA
E-mail address: nnchinda@uw.edu (N.N. Nchinda).

https://doi.org/10.1016/j.intf.2025.100331
Received 10 July 2025; Received in revised form 27 October 2025; Accepted 20 November 2025

Available online 2 December 2025
2950-4562/© 2025 The Authors. Published by Elsevier Inc. on behalf of International Intestinal Rehabilitation & Transplant Association. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0001-5784-1482
https://orcid.org/0000-0001-5784-1482
https://orcid.org/0000-0001-5140-2956
https://orcid.org/0000-0001-5140-2956
mailto:nnchinda@uw.edu
www.sciencedirect.com/science/journal/29504562
https://www.sciencedirect.com/journal/intestinal-failure
https://doi.org/10.1016/j.intf.2025.100331
https://doi.org/10.1016/j.intf.2025.100331
http://crossmark.crossref.org/dialog/?doi=10.1016/j.intf.2025.100331&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

N.N. Nchinda et al. Intestinal Failure 8 (2025) 100331

with IF. The advancement of pediatric IF care has also led to a new emphasis on the quality of patient survival including the
health-related quality of life of the patient and family [2,3].

In the young child with IF, gastrostomy tubes (G-tubes) are frequently placed for enteral nutrition [4]. Historically, G-tubes have
been placed at the index admission and removed once patients are weaned off parenteral nutrition and tolerating full oral nutrition [4].
However, at our institution we have seen that G-tubes are prone to complications and family dissatisfaction. More recently, it has been
identified that children with IF are at high risk for feeding difficulties, and the diagnosis of pediatric intestinal failure associated eating
disorder (IFAED) has been proposed [5,6]. Preliminary data demonstrate that use of enteral tube feeds may increase the risk of IFAED
[6]. Enteral tube feedings decrease development of swallowing function, establishment of self-regulation, social enjoyment of eating
food, and physiologic stimulation of hormones released in the GI tract with oral intake [6,7].

Nearly a decade ago, our regional intestinal rehabilitation program elected to prioritize the advancement of oral feeding as an
integral part of intestinal rehabilitation for children with IF. This strategy incorporates a slow, consistent increase in oral feeds when
safe in all children and attempts to avoid use of enteral feeding tubes, including surgically placed G-tubes, unless necessary due to
inability to take oral intake after multiple attempts over time or documented dysphagia with risk of aspiration. The aim of this study
was to summarize the evolution of G-tube management at a pediatric intestinal rehabilitation program. For this study, it was hy-
pothesized that a strategy that places less emphasis on G-tube dependence can promote stable growth trajectories and progressive
enteral tolerance in children with IF.

Material and methods
Data collection and study population
This is an Institutional Review Board-approved retrospective single-center observational cohort study for which data was obtained

through survey of patient electronic medical records. Inclusion criteria for this study were children followed by the multidisciplinary
regional intestinal rehabilitation program at our institution between 2008 and 2024. Two separate eras of management were defined

Table 1
Clinical and demographic data.

Median [range] or percent

All Eral Era 2

(N=114) (n=57) (n=57)
Gestational Age (weeks) 34 [4,24] 34 [24,41] 34 [24,40]
Remaining Bowel Length (cm) 50 [0, 250] 49 [0, 250] 50 [0, 160]
Age at G-tube Placement (months) 3 [0, 224] 3 [0, 84] 3 [0, 224]
Age at G-tube Closure (months) 24 [5, 181] 50 [9, 181] 16 [5,70]
Duration of Follow-up Since G-tube Placement (months) 110 [8, 238] 112 [108, 238] 107 [8, 192]
Sex Assigned at Birth (male) 61 % 67 % 56 %
Intestinal Failure Etiology
Gastroschisis 28 % 26 % 30 %
Intestinal atresia 13 % 18 % 9%
Necrotizing enterocolitis 28 % 25 % 32%
Volvulus 12 % 18 % 9%
Other 18 % 14 % 21 %
Stoma
Current 21 % 16 % 26 %
Previous 45 % 40 % 49 %
G-tube Insertion at Index admission 75 % 84 % 67 %
G-tube Currently in Place 54 % 40 % 67 %
G-tube Closure on PN 27 % 26 % 28 %
Currently on PN 61 % 47 % 74 %
Type of G-tube Closure
Surgical closure 39 % 49 % 30 %
Tube removal 10 % 11 % 9%
G-tube Complications 28 % 23 % 33 %
Leaking 69 % 77 % 63 %
Prolapse 32% 23 % 21 %
Skin breakdown 47 % 31 % 58 %
Dysphagia on VFSS 11 % 23 % 14 %
Current PO Intake
Tolerating food intake 78 % 75 % 81 %
Tolerating food with supplemental formula 11% 12% 11%
Drinking clear liquids only 2% 4% 0%
Taking tastes of food only 5% 5% 5%
NPO 4 % 4 % 4%

Clinical and demographic data for all patients with G-tubes (N = 114) and by era of G-tube placement. G-tube, gastrostomy tube. NPO, nil per os. PN,
parenteral nutrition. SD, standard deviation. VFSS, video fluoroscopic swallow study.
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based on the program’s standard G-tube and oral feeding management including Era 1 (2008-2015) and Era 2 (2016-2024). An
emphasis on oral nutrition training began in late 2015. The early G-tube closure subgroup was defined as children who underwent G-
tube removal prior to weaning off PN. The traditional G-tube closure cohort was defined as children who had G-tube removal only after
cessation of PN. Exclusion criteria included children who did not have available nutritional data. Minimum follow-up time from G-tube
placement to the most recent follow-up was two months. Follow-up time from G-tube closure to most recent follow-up was also
included. At time of consideration of G-tube removal, the intestinal rehabilitation team discussed the following with parents: duration
and frequency of use, indication for use, presence and severity of complications and nutritional status. Of note, nasogastric feeding
tubes were not a standard part of our practice, and this did not change over the two eras of the study.

Statistical analysis

Descriptive statistics were performed through the software R Project for Statistical Computing (Vienna, Austria). Comparison
within each subgroup was done with paired t-tests for continuous variables and chi-square or Fisher exact test for categorical variables.
Demographic and clinical data are presented as median (range). Nutritional data is presented as mean [95 % confidence interval].
Statistical significance was defined as p < 0.05.

Results

Of the 147 patients in the intestinal rehabilitation program, 114 (78 %) underwent 117 G-tube placements. Ten patients (7 %) were
excluded from long-term nutritional and clinical outcome analyses due to lack of follow-up data. For these 114 patients, median
clinical follow-up duration from time of G-tube placement to most recent follow-up was 110 (8, 238) months. In Era 1, 79 % (57/72) of
patients had a G-tube placed, and in Era 2, 76 % (57/75) of patients had a G-tube placed. Baseline demographic and clinical variables
are presented in Table 1. The median patient age at initial G-tube placement was 3 (0, 224) months, and 86 patients (75 %) had their G-
tube placed during their index admission. Children who had a G-tube placed outside of the index admission underwent the procedure
at a median age of 13 (2, 224) months. Significant long-term G-tube complications were identified in 32 patients (28 %). Complications
included leakage (22, 69 %), prolapse (7, 32 %), and skin breakdown (15, 47 %).

A total of 56 (49 %) patients underwent G-tube closure during the study period with 31 (55 %) of these closures performed while
the patient remained dependent on PN. Forty-five (80 %) G-tube closures were performed surgically; the remaining 11 (19 %) tubes
were removed and allowed to close spontaneously. During Era 1, 16 G-tube closures were performed (including 8 early and 8
traditional closures), representing 28 % of all G-tubes during this era. During Era 2, 40 G-tube closures were performed (23 early and
17 traditional closures), representing 70 % of all G-tubes during this era.

Of the 31 children who underwent early G-tube closure, patient age at closure was 25 (9, 168) months. Remnant small bowel length
was significantly shorter in the early closure group compared to the traditional closure group [50 cm (6, 147) vs 88 cm (17, 250),
p =0.001] (Table 2). Indications for early G-tube closure were primarily related to lack of use (74 %) rather than G-tube complications
(26 %). Median follow-up time following closure was 33 (2, 188) months in the early G-tube closure cohort and 73 (3, 174) months in
the traditional G-tube closure cohort. Following early G-tube closure, 8 children (26 %) were able to wean off PN. Among the eight
children with early G-tube closure who achieved enteral autonomy, time from G-tube closure to achieving autonomy was 15 (1, 60)
months. At most recent follow-up, patients who underwent early G-tube closure were receiving fewer calories from PN (57 % [42.3,
71.1]1 vs 72 % [60.9, 83], p = 0.003), taking in an increased percentage of oral calories (42 % [27.5, 56.9] vs 23 % [12.1, 34.7],
p = 0.005), and had an improved mean height-for-age z-score when compared to the time of G-tube closure (-1.11 [ —1.46, —0.756] vs
—1.44 [ —1.78, —1.09], p = 0.031). No significant differences in weight-for-age z-score or body mass index (BMI) percentile were
identified (Table 3). There were no significant differences in nutritional metrics at time of G-tube closure compared to most recent

Table 2
Patient characteristics in early vs traditional gastrostomy tube closure.

Median [range] or percent

Early G-tube Closure Traditional G-tube Closure p-value
N=31 N=25
Gestational Age (weeks) 34 [26,39] 34 [24,40] 0.826
Remaining Bowel Length (cm) 50 [6, 147] 88 [17, 250] 0.001*
Age at G-tube Placement (months) 2 [0, 80] 4 [0, 23] 0.564
Age at G-tube Closure (months) 25 [9, 168] 51 [6, 181] 0.020%
Duration of Follow-up Since G-tube Closure (months) 33 [2,188] 73 [2.9,171] 0.097
G-tube Insertion at Index admission 25 (81 %) 22 (88 %) 0.7163
Currently on PN 23 (74 %) 4 (16 %) < 0.001*
Type of G-tube Closure 0.514
Surgical closure 26 (84 %) 19 (76 %)
Tube removal 5 (16 %) 6 (24 %)
G-tube Complications 14 (45 %) 4 (16 %) 0.024
Current percent calories from PN 65.0 [0, 100] 0 [0, 80] 0.523

Comparison of patient factors between early gastrostomy tube (G-tube) closures (31 patients) and traditional G-tube closure (25 patients). G-tube,
gastrostomy tube. An asterisk (*) indicates statistical significance, defined as p < 0.05.
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follow-up for the traditional G-tube closure cohort (Table 4).

Three children (10 %) required G-tube replacement after early G-tube closure. Two patients in this group required initial closure
due to complications from the G-tube, including skin breakdown, leakage, and gastric prolapse. The third patient underwent early G-
tube closure due to parental request, but the family later agreed to replacement when the patient failed to develop oral skills.

As of the most recent follow-up, 61 of the total 147 patients (41 %) followed in the intestinal rehabilitation program currently have
a G-tube in place. Of the 114 children who had a G-tube at any point, 53 (46 %) patients have had their G-tube permanently removed. A
total of 23 (20 %) patients in the intestinal failure program never required a G-tube. When comparing children with and without
current G-tubes (Table 5), no differences were identified in IF etiology or gestational age although there was a trend towards fewer G-
tubes in patients with gastroschisis. The interval time from G-tube closure to most recent follow-up was 46 (2.0, 188) months. Children
with G-tubes at most recent follow-up were noted to have shorter remnant small bowel length compared to children without a current
G-tube (40 vs 60 cm, p = 0.009, Table 5). The indications for current use of a G-tube include enteral feeding (34 patients, 56 %), gastric
drainage (10 patients, 16 %), medication administration only (8, 13 %), and hydration using water (2, 3 %); there are 7 patients (12 %)
who are not currently using their G-tube.

Discussion

The field of pediatric IF incorporates a multidisciplinary approach to provide individually tailored care to address the complex
needs of patients [8]. The discipline continues to advance long-term care as children with IF are surviving into young adulthood and
beyond. This single-center study evaluated the long-term evolution of G-tube management in children enrolled in a regional intestinal
rehabilitation program and explored nutritional and growth outcomes following a more focused approach to G-tube removal in pa-
tients still dependent on PN.

Importantly, the study identified that G-tubes were not required to achieve enteral autonomy for some children. Our findings show
that children who underwent G-tube closure while still on PN still had the capacity to grow and make progress in advancing oral
nutrition. These findings are noteworthy as early G-tube removal differs from the traditional practice of ongoing, chronic use of G-
tubes until a patient has completely transitioned off PN to all oral feeding [4]. Future studies in our cohort aim to evaluate the as-
sociation between chronic G-tube use for enteral feeding and pediatric IFAED [5]. Boctor et al. identified that a vast majority of
patients had findings consistent with IFAED in a center that prioritized the use of feeding tubes in pediatric IF [6]. In contradistinction,
the prevalence of IFAED was much lower at a second center that avoided the use of enteral feeding tubes unless absolutely necessary. In
fact, this latter cohort demonstrated no significant difference in eating behavior patterns compared to a healthy reference population.

In our study, one-quarter of children who underwent G-tube closure on PN still achieved full enteral autonomy during follow-up.
Taken together, these data challenge the widespread practice of routine utilization of enteral feeding tubes as a route to enteral au-
tonomy in children with IF. The authors believe that concern for IFAED or malnutrition may not necessitate G-tube placement in the
context of ongoing PN. Over time, even without a G-tube, patients can still achieve enteral autonomy and improve their eating patterns
through a multidisciplinary intestinal rehabilitation program.

Feeding tubes themselves can contribute to delayed feeding skills [5-7]. Children who receive most of their nutrition through
enteral tube feeds may miss out on the natural hunger-satiety cycle, whereas oral feeding fosters self-regulation of hunger cues and
social eating behaviors [9,10]. This raises the question of whether G-tube placement can be delayed or avoided altogether thereby
promoting oral feeding even when patients are receiving most of their calories from PN. This topic is especially relevant given the
recent advancements in the safety of long-term PN management. In the past, progressive cholestatic liver disease and high rates of
central line-associated blood stream infections made rapid enteral advancement a priority [11]. Now, intestinal rehabilitation pro-
viders have more time to advance enteral nutrition in the safest, forward-thinking way possible that also considers the quality of life of
the patient and family. Indeed, in the data presented here, most children who underwent G-tube removal were able to develop oral
skills for enteral intake.

The question of the role that G-tubes play in attaining enteral autonomy has been studied previously. Fuhrer et al. recently studied

Table 3
Nutritional metrics of all early gastrostomy tube closures.
At time of G-tube Closure At Most Recent Follow-Up p-value
Weight-for-Age Z-Score -0.288 [-1.70, 1.12] -0.75 [-1.11, —0.40] 0.336
Mean [95 % CI]
Height-for-Age Z-Score -1.44 [ —1.78, —1.09] -1.11 [ —1.46, —0.756] 0.031*
Mean [95 % CI]
BMI-for-Age Z-Score
Mean [95 % CI] -0.28 [-1.27, 1.11] -0.16 [-1.52, 2.17] 0.156
Percent Calories from PN
Mean [95 % CI] 71.9 % [60.9, 83] 56.7 % [42.3, 71.1] 0.003*
Percent PO Calories
Mean [95 % CI] 23.4 % [12.1, 34.7] 42.2 % [27.5, 56.93] 0.005*

Nutritional metrics of patients who underwent gastrostomy tube (G-tube) closure while on PN (N = 31). 95 % CI, 95th percentile confidence interval.
BMI, body mass index. G-tube, gastrostomy tube. PN, parenteral nutrition. PO, per os. An asterisk (*) indicates statistical significance, defined as
p < 0.05.
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Table 4
Nutritional metrics of all traditional gastrostomy tube closures.
At time of G-tube Closure At Most Recent Follow-Up p-value
Weight-for-Age Z-Score -0.765 [-2.12, 0.585] -0.968 [-1.55, —0.39] 0.343
Mean [95 % CI]
Height-for-Age Z-Score -1.348 [-2.057, —0.639] -0.925 [-1.61, —0.241] 0.182
Mean [95 % CI]
BMI-for-Age Z-Score
Mean [95 % CI] 0.435 [-1.38, 1.15] 0.527 [-2.57, 0.63] 0.729
Percent Calories from PN
Mean [95 % CI] 5.318 [-2.4, 13.038] 5.95 [-2.97, 14.9] 0.331
Percent PO Calories
Mean [95 % CI] 92.05 [81.57, 102.53] 93.1 [82.41, 103.78] 0.331

Nutritional metrics of patients who underwent gastrostomy (G-tube) closure after being weaned off of PN (N = 25). 95 % CI, 95th percentile con-
fidence interval. BMI, body mass index. G-tube, gastrostomy tube. PN, parenteral nutrition. PO, per os. An asterisk (*) indicates statistical significance,
defined as p < 0.05.

Table 5
Comparison of patients currently with and without gastrostomy tubes.
Current G-tube No current G-tube p-value
Total = 61 % (n) or median [range] Total = 76 % (n) or median [range]
IF Etiology
Gastroschisis 18 % (11) 33 % (25) 0.050
Intestinal atresia 28 % (17) 33 % (25) 0.529
Necrotizing enterocolitis 31 % (19) 29 % (22) 0.779
Volvulus 16 % (10) 12 % (9) 0.441
Gestational Age (weeks) 33 [24,41] 34 [23,40] 0.244
Remaining Bowel Length (cm) 40 [0,190] 60 [6, 250] 0.009*

Comparison of intestinal failure etiologies, median gestational age, and median remaining bowel length between patients currently with a G-tube in
place and those without a G-tube (due to removal or never having a G-tube placed). G-tube, gastrostomy tube. IF, intestinal failure. An asterisk (*)
indicates statistical significance, defined as p < 0.05.

patients in an intestinal rehabilitation program in Israel and found that utilizing a G-tube for enteral feeds did not afford a significant
advantage in reaching enteral autonomy in children with short bowel syndrome [12]. Furthermore, 2/3 of children with G-tubes had
notable complications including infection, bleeding and mechanical issues. Indeed, the ultimate goal of pediatric IF management may
no longer be enteral autonomy alone. Rather, the aim should be for complete and sustainable oral nutrition when anatomy and
physiology are optimized.

If not all patients with IF need G-tube placement, the question remains as to which patients would benefit from upfront G-tube
placement and if clinical predictors for G-tube need can be identified. The findings here suggest that this is an evolving issue requiring
the expertise of a multidisciplinary team. The present study found that patients who are still dependent on G-tubes have shorter bowel
length and are less likely to have gastroschisis as the etiology for IF. Interestingly, prematurity did not play a significant role in the
ongoing need for a feeding tube. Patients with severe intestinal dysmotility may benefit from an early G-tube for purposes of gastric
drainage. Prior literature has shown that remaining bowel length is significantly associated with attaining enteral autonomy [13].
Despite the differences in bowel length in the present study, patients with early G-tube removal continued to grow appropriately and
many achieved enteral autonomy, challenging whether bowel length alone should be used in decision-making on G-tube placement or
removal. These findings support the idea that the prognosis of children with IF may be better defined by the bowel’s absorptive
function and motility rather than its anatomy. Furthermore, since the evaluation of intestinal absorptive function in a child with IF may
take months to years, forgoing G-tube placement in the index admission may be warranted.

As long as the child with IF is monitored closely, ideally in a multidisciplinary intestinal rehabilitation program, there is low risk of
chronic malnutrition from postponing G-tube placement. Avoiding the placement of a G-tube at the initial surgery may mean that an
additional procedure is needed if a G-tube is indicated later in childhood. From institutional experience, an interval operation may be
more technically difficult due to adhesions from the index operation and may preclude use of minimally invasive techniques. In recent
years, we have noticed an anecdotal decrease in G-tube placements in infants with IF who undergo their initial surgical care at our
institution. This can be attributed in part to ongoing discussion between the surgical and intestinal rehabilitation teams so that in-
dications for a G-tube are discussed prior to an abdominal procedure such as a stoma takedown. Our practice no longer includes the
routine placement of a gastrostomy in infants with IF. As a regional referral center, however, many patients may come to our program
with a G-tube already in place from an outside institution.

There are several limitations to the current study including the retrospective and subjective nature of G-tube management and
decision-making over many years in a heterogenous population. As there was not a pre-defined criteria for the diagnosis of oral
aversion, this factor was not included in final data analysis. IFAED is a new diagnosis and was not noted in the retrospective records.
The available records did not have a consistent breakdown of non-protein energy intake and resting energy expenditure to calculate
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parenteral nutrition dependency index (PNDI). Furthermore, as a regional intestinal rehabilitation referral center with co-management
of patients with local primary teams, some decisions regarding PN and feeds were made outside of our institution. This also limited
review of central venous catheter-related complications in patients on PN. Future prospective studies, ideally in a multicenter
framework, should focus on the multidisciplinary decision-making and how prioritization of oral nutrition affect rates of IFAED.
Developing a prospective study would also allow for robust analysis of time to enteral autonomy as well as a more detailed nutritional
assessments (PNDI, weight-for-height, and micronutrient levels), and a controlled exploration of central venous catheter (CVC)
management from prolonged PN. Further outcomes data focusing on time to autonomy, CVC-related complications, intestinal failure
associated liver disease, and well-defined IFAED symptomatology are needed to shift practice patterns in the multidisciplinary
management of intestinal failure.

Conclusion

Within a regional pediatric intestinal rehabilitation program, progressively fewer G-tubes were placed and more G-tubes were
closed prior to transition off PN. Early G-tube closure did not hinder growth in height and weight, and children still made progress
toward enteral autonomy. This study adds to the growing discussion on the indications for G-tubes in pediatric patients with intestinal
failure. In this new landscape, decisions regarding G-tube placement or removal should be made as part of a comprehensive, multi-
disciplinary team-based approach tailored to each child’s unique needs.
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