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Purpose: Mucous fistula (MF) refeeding of proximal stoma effluent in neonates after small bowel resection can
promote nutrient absorption and prevent atrophy of the unused distal bowel. This study aimed to assess the
safety of this practice in neonates.
Methods:A retrospective chart reviewof all patients admitted to the neonatal intensive care unit (NICU) between
2009 and 2015 who underwent a laparotomy with creation of an enterostomy and mucous fistula was per-
formed. Patients were included if they were refed proximal stoma effluent into the MF.
Results: Thirty-one patients were identified that were refed. There were no major complications (perforation,
stricture, death) related to refeeding. Patients were refed for an average of 41 days (± 22), with patients gaining
an average of 25.7 g/day (± 10.1) while being refed. Total parental nutrition (TPN) was administered for an av-
erage of 55 days (±31.4) between resection and reanastomosis, with only 7 (23%) developing cholestasis and 15

(48%) reaching full feeds in this time. Mean time to full feeds after reanastomosis was 36 days (± 58.6) with two
patients having anastomotic leaks.
Conclusion:MF refeeding is a safe technique that has the potential to contribute to significant weight gain and a
decreased dependence on total parenteral nutrition.
Level of evidence: II

© 2019 Elsevier Inc. All rights reserved.
Neonates may require small bowel resections for a variety of condi-
tions including necrotizing enterocolitis (NEC), congenital intestinal
atresia, bowel perforation and, gastroschisis [1]. Extensive resection
may lead to the experience of functional short bowel syndrome (SBS).
SBS is a malabsorption disorder characterized by fluid and electrolyte
imbalances that result from extensive bowel resection [2]. Proximal
stomas, located at the level of the jejunumor proximal ileum, are partic-
ularly prone to the production of large amounts of effluent containing
unabsorbed nutrients. The term “functional short bowel syndrome” is
used to signify that there is a large amount of excluded small bowel,
resulting in poor growth of these patients [3]. They are often placed
on long-term total parenteral nutrition (TPN) to compensate for these
nutritional deficiencies. Although there have been improvements in
TPN preparation, including the use of omega-3 fatty acids, its use is
still associated with significant complications such as central line infec-
tions, cholestatic jaundice, and thrombosis [4–6].

Ileal and jejunal resections are often associatedwith the creation of a
proximal stoma and a distal mucous fistula (MF). Mucous fistula
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refeeding is the practice of collecting proximal ostomy effluent and
reinfusing it into the distal MF. This process mimics the complete phys-
iological pathway that intestinal contents would normally follow. It is
thought to aid in preventing atrophy of the otherwise unused distal
bowel and allows for the normal absorption and digestion of nutrients
[7]. It is believed that this recycling of proximal effluent can reduce reli-
ance on TPN, and therefore the morbidity associated with long-term
TPN use. Stimulation of the distal bowel promotes mucosal growth
and intestinal adaptation, making it easier to restore intestinal continu-
ity and decreasing the risk of anastomotic leaks [8]. Despite these poten-
tial benefits of MF refeeding, clinical equipoise remains as to its safety
[9]. Research on this topic is limited to small case series with conflicting
results. The aim of the current study was therefore to add to the body of
research onMF refeeding by assessing the safety of this practice in neo-
nates who have functional SBS after undergoing small bowel resection.

1. Methods

1.1. Participants

The Canadian Neonatal Network (CNN) database was used to retro-
spectively identify all patients at this institution that underwent lapa-
rotomies with the formation of ostomies (excluding colostomy) and a
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Table 2
Surgical information.

Variable N = 31

Weight at Surgery (g) 2463 (± 992)
Ostomy Type
Jejunostomy 12 (39%)
Ileostomy 19 (61%)
Total Small Bowel Remaining (cm) 70.5 (± 23.3)

Indication for Surgery
Intestinal Atresia 10 (32%)
Gastroschisis 2 (7%)
NEC 4 (13%)
Bowel perforation 10 (32%)
Bowel perforation with NEC 5 (16%)
Days from admission to surgery (days) 9 (± 13.4),
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mucous fistula between September 2005 and December 2016. These re-
cords were then screened and included if patients underwent refeeding
of proximal effluent from their ostomy into the distal MF at any point
during their hospital admission. Ethics approval was obtained from
theHamilton Integrated Research Ethics Board (REB#15-900-C). Demo-
graphic data collected included sex, gestational age, birthweight, prior
surgical interventions, and the presence of congenital anomalies. The
primary outcome of interest was the rate and nature of complications
deemed to be directly associated with MF refeeding. Secondary
outcomes included weight gain during refeeding, length of neonatal
intensive care unit (NICU) stay, total length of hospital stay (LOS), and
duration of TPN administration. Duration of TPN administration
was assessed separately from resection to reanastomosis and from
reanastomosis to hospital discharge. Continuous variables are
expressed asmeans with standard deviations (±). Categorical variables
are presented as counts with percentages (%).

1.2. Refeeding technique

Prior to the initiation of refeeding, all patients underwent a lower
gastrointestinal series (contrast study) to look for the presence or ab-
sence of strictures or obstructions in the distal bowel. The MF site was
then prepared by placing a Coloplast skin barrier around the MF to pre-
vent leakage of stool under this layer, replacing it whenever it became
soiled. The Coloplast was circular in shape and had a hole in the middle
no larger than the outside diameter of the fistula. A soft, pliable catheter
was then inserted into the MF to a length predetermined by the sur-
geon. Catheters used were #8 French urinary Foley catheters with or
without a balloon inflated. Stool was collected every 3–4 h to coincide
with the feeding and handling times of the neonate. Proximal effluent
was aspirated into a lock syringe with the amount collected recorded
on the patient's intake/output sheets. A syringe pump was used to re-
feed the effluent into the MF at a continuous rate.

2. Results

2.1. Patient characteristics

A total of 34 neonates were identified that underwent small bowel
resection with the creation of a jejunostomy or ileostomy and MF with
subsequent refeeding into the MF. One patient underwent initial
bowel resection at another institution and one patient was discharged
to another institution before surgery for reanastomosis. An additional
patient had an incomplete medical chart. These patients were subse-
quently excluded from the study owing to incomplete information
being available in their medical charts. Data from 31 patients were
included in the final analysis. Patient sex was 17 female (55%) and
14 male (45%). Average gestational age was 32 weeks (± 4.5) and
Table 1
Patient characteristics.

Variable N = 31

Gender
Male 14 (45%)
Female 17 (55%)
Gestational Age (weeks) 32 (± 4.5)
Birthweight (g) 2279 (± 1054.8)
Admission Weight (g) 2378 (±984)
Discharge Weight (g) 4963 (± 1673)
Length of NICU Stay (days) 116 (± 53)
Length of Hospital Stay (days) 145 (±75.7)

Congenital Anomalies
Musculoskeletal 3 (10%)
Urinary 5 (16%)
Digestive 12 (39%)
Chromosomal 4 (13%)
Other 13 (42%)
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average birthweight was 2279 g (± 1055). Mean length of NICU
stay was 116 days (± 53) and total length of hospital stay was
145 days (± 76). Patient characteristics are summarized in Table 1.

An ileostomy was created in 19(61%) of patients and a jejunostomy
in 12 (39%). Indications for bowel resection were intestinal atresia (10,
32%), NEC (4, 13%), gastroschisis (2, 7%), bowel perforation associated
with meconium ileus (10, 32%), and bowel perforation with associated
NEC (5, 16%) (Table 2). Mean time to resection from hospital admission
was 9 days (±13.4), with timebetween hospital admission and surgery
ranging from the day of admission to 43 days postadmission. The total
length of small bowel remaining after resection was recorded for
22 (71%) patients, with an average of 70.5 cm (± 23.3) of residual
small bowel length. Total length of small bowel resected was recorded
for 11 (36%) patients, with an average of 17.2 cm (2–45) being resected.
All patients had a preservation of the ileocecal (IC) valve.

2.2. Complications

Nomajor complications directly associated with MF refeeding were
found in this study. One patient developed a stricture with bowel ob-
struction at the level of the MF, undergoing an additional short bowel
resection and serial transverse enteroplasty (STEP) procedure on the
proximal bowel. This occurred after refeeds had been discontinued
and was not deemed to be directly associated. One patient developed
a bowel obstruction one month after reanastomosis and was treated
with laparotomy with lysis of multiple adhesions. No patients died be-
fore surgery for reanastomosis, with all patients surviving to hospital
discharge. Minor complications occurred and are summarized in
Table 3. Central line infections were noted in 11 (35%) patients. A total
of 5 patients (16%) underwent additional abdominal surgery (4 laparot-
omy, 1 hernia repair), after reanastomosis, increasing their length of
hospital stay. There were 2 incidences of anastomotic leak after intesti-
nal continuity was restored. Both patients underwent reoperation with
creation of a second stoma and MF.

2.3. Refeeding information

Many patients that required intestinal surgery with creation of
stomas did not require refeeds. However, if there was poor growth
with need for TPN and a large portion of distal bowel that could be
used, refeeds were considered. Table 4 summarizes the refeeding
Table 3
Minor complications associated with refeeding.

Variable N = 31

Wound infection around the MF 2 (7%)
Rash/ redness around the MF 4 (12%)
Prolapse of the MF 1 (3%)
Enterocutaneous fistula 1 (3%)
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Fig. 1. Patient weight between the time periods of (1) intestinal resection, (2) initiation of
refeeds, (3) termination of refeeds, (4) reanastomosis of intestinal continuity, and
(5) initiation and termination of refeeds.
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parameters: the mean number of days from resection to refeed initia-
tion was 29 (± 25). Patients were refed for an average of 41 days (±
22). Average body weight increased by 27.3 g/day (±17.9) while pa-
tientswere being refed as compared to an average bodyweight increase
of 1.5 g per day (± 23.0) between resection and initiation of refeeds.
The average time to reanastomosis was 80 days (± 34.5). Refeeds
were stopped before stoma closure in 6 (19%) patientswhowere placed
NPO for reasons including undergoing additional surgical procedures
before reanastomosis. Refeeding was continual, with the exception of
short breaks owing to issues such as tube dislodgement, in the remain-
ing 25(81%) patients.

TPNwas started immediately after surgery andwas administered for
an average of 55 days (± 31.4) between initial resection and
reanastomosis. Seven (23%) of 31 developed TPN-related cholestasis
in this time. Fifteen (48%) were able to be weaned completely off of
TPN before reanastomosis. Even though sixteen patients (62%)
remained on TPNwhile receiving refeeds, their dependence on TPN de-
creased from 90% of their total caloric intake (TPN and enteral feeds) on
the first day of refeeds to 71.5% at the end of refeeds (reanastomosis).
The average remaining small bowel length of patients that reached
full enteral feeds was 75.1 cm (±24.3), compared to 67.2 cm (±23.1)
for those that did not. This difference in residual bowel length between
the two groups was not significant (p = 0.47).

After reanastomosis, patients received TPN for an average of 54 days
(± 70.2). Mean weight increased by 14.8 g/day (± 7.6) between
reanastomosis and discharge. An overall weight gain of 17.2 g/day
(± 4.2) was observed during the complete hospital stay from NICU ad-
mission to hospital discharge. Patient weight gain from resection to one
month post reanastomosis is summarized in Fig. 1. The greatest weight
increase was seen during the time when the patient was refed.

3. Discussion

Debate remains as to the safety of MF refeeding in neonates who de-
velop functional SBS after small bowel resection. Prior studies have found
incidences of metabolic acidosis, hemorrhage, stomal stenosis,
intraabdominal fluid collection, and death related to MF refeeding
[9,10]. In this study 31 neonates were retrospectively identified that
underwent reinfusion of proximal effluent for management of their
SBS. No incidences of perforations, strictures, or death directly related
to refeeding were identified. One patient developed a small bowel
obstruction and stricture. This occurred after refeeds had been
discontinued, but before reanastomosis. Another developed a bowel ob-
struction one month after reanastomosis, requiring surgery for lysis of
adhesions. While one study found a morbidity rate of 17% associated
with refeeding, the researchers pointed to the limitation of the types of
catheters used and the inexperience of staff inserting them as a potential
contributor to these findings [9]. Although the initiation of refeeds is
based largely on surgeon preference, this institution has a standardized
MF refeeding protocol that is followed once refeeds are started. This in-
cludes standardization of the size and type of tubes used, staff responsi-
bilities, and rate of infusion. Other authors have experienced success
Table 4
Feeding information.

Variable N = 31

Refeeding (days) 41 (±22)
Weight Refeed Start (g) 2728 (± 901.5)
Weight Refeed End (g) 3680 (± 953)
Days to Reanastomosis 80 (± 34.5)
TPN Discontinued
Yes 15 (48%)
No 16 (52%)

TPN-Induced Cholestasis
Yes 7 (23%)
No 24 (77%)
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with refeeding when standardizing both the size of tube used and by
having refeeding tubes inserted solely by surgeons [8].

Prior studies have pointed to the positive effects of MF refeeding
[3,7,8,10–15]. A systematic review conducted by Richardson et al., sum-
marized the findings from five studies of MF refeeding and concluded it
to be a safe practice, with no complications being described across the
studies [12]. While this review included a small number of studies
with a small number of patients, more recent work as also supported
the efficacy of refeeding. Drenckpohl et al., found that MF refeeding is
associated with 65% of premature infants and 67% of term infants
being able to beweaned off of TPNprior to reanastomosis [11]. This sup-
ports the findings of the current study in which 48% of patients were
completely weaned off of TPN in the period between initial resection
and reanastomosis. Many additional patients were able to be taken off
of TPN for shorter periods of time. Further research is needed, however,
to prove the nutritional benefits of refeeding, which cannot be con-
firmed owing to the small sample size and retrospective nature of the
current study.

Neonates who are refed may be able to be reanastomosed sooner.
Refeeding has also been hypothesized to contribute to an increased cal-
iber and thickness of the distal intestine, making anastomosis easier in
these patients [14]. While intestinal diameters before and after
refeeding were not recorded in this study, the incidence of anastomotic
leak after reanastomosis was low, occurring in only two patients. Anas-
tomotic leak has previously been found in 3% of refeed patients after
reanastomosis as compared to 20% of patients who were not refed [8].
These researchers found that infants in the refeeding group had a
smaller size discrepancy between bowel ends at time of stoma closure.
Future prospective studies should therefore be sure to measure the di-
ameter of the distal bowel both before and after refeeds. Residual
bowel length could also be measured in all of these patients to identify
if some subgroupswith varying lengths of remaining bowel would ben-
efit more from refeeding than others.

TPN-associated cholestasis was noted in seven (23%) neonates in
this study. This rate may climb as high as 73% in patients who are not
refed [8]. While TPN-associated cholestasis is becoming less common
owing to changes in TPN formulation, long-term use is associated with
the long-term use of central lines [4]. Reducing the time of TPN admin-
istration could aid in decreasing the incidence of central line infections
by reducing the need for the lines. Of the patients included in this
study, 35% developed a central line infection, with one developing a
thrombosis. These infections were, however, not directly related to
refeeding. Higher than average rates of lines infections at the study in-
stitution have led to the implementation of a standardized central line
insertion and care bundle. The incidence of these infections decreased
tula refeeding in neonates with functional short bowel syndrome: A
/j.jpedsurg.2019.01.050

https://doi.org/10.1016/j.jpedsurg.2019.01.050


4 T. Elliott, J.M. Walton / Journal of Pediatric Surgery xxx (xxxx) xxx
in patients (from 2009 to 2015) as the review moved closer to present
day institutional practices.

Weight gain in this studywas the greatestwhile patients were being
refed, occurring at an average of 25.7 g/days for patients. Prior to the ini-
tiation of refeeds, patients were gaining weight at a rate of only 1.5 g/
day. The rate also decreased after reanastomosis. This is to be expected
as patients are often placed NPO after surgery and must again slowly
work up to receiving full enteral feeds. This is in linewith prior research
finding an average weight gain of 24 g/day during reinfusion, with a
drop to 14 g/day between reconnection and discharge [11].

It is important to consider the increased nursing time required to re-
feed neonates. Nurses familiar with this process estimate that a time of
30–35min is required for this procedure per 12 h nursing shift if the os-
tomy bag and refeeding catheter are intact. It is however, common for
the proximal ostomy bag to leak and for the Foley catheter in the MF
to fall out as much as twice every 24 h. If the catheter is not dislodged
in this time, it must still be replaced every day (usually corresponding
with infant weight and bathing times). During changes, the skin is
also assessed for irritation, placement checked, and dressings reapplied.
Technical issues arising surrounding “occlusion” alarms on the
refeeding pump also lead to time spent troubleshooting. These situa-
tions all contribute to an increase in refeed nursing time from the stan-
dard 30 min to roughly 50 min or more per nursing shift. This
specialized care is only completed by a handful of specially trained
nurses at this institution.

This study is not without limitations. Firstly, it is a retrospective re-
view, and data collection was limited to what was documented in the
patients' medical charts. Second, our sample size was small and there
was no control group available for comparison. This makes it difficult
to drawdefinite conclusions as thenutritional benefits of this technique.
The institutional practice of refeeding all eligible patients made it im-
possible to create awell-matched control group for comparisons. Future
studies should focus on prospective data collection, collaborating with
other centers that do not routinely refeed patients after small bowel re-
section for group comparisons.

4. Conclusion

MF refeeding for the nutritional management of neonates with SBS
requires an increased amount of nursing time and expertise, but is
Please cite this article as: T. Elliott and J.M. Walton, Safety of mucous fis
retrospective review, Journal of Pediatric Surgery, https://doi.org/10.1016
believed to be a good bridging procedure before patients are able to
have their intestinal continuity restored.We believe that this technique
is safe for patients. Future research could focus on the efficacy of
refeeding and its potential to contribute to significant weight gain and
a decreased reliance on TPN in these patients.
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