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Abstract
Background: This study aimed to evaluate whether mucous �stula refeeding (MFR) is safe and bene�cial
for the growth and intestinal adaptation of preterm infants with enterostomies.

Methods: This exploratory randomized controlled trial enrolled infants born before 35 weeks’ gestation
with enterostomy. If the stomal output was ≥ 40 mL/kg/day, infants were assigned to the high-output
MFR group and received MFR. If the stoma output was < 40 mL/kg/day, infants were randomized to the
normal-output MFR group or the control group. Growth, serum citrulline levels, and bowel diameter in
loopograms were compared. The safety of MFR was evaluated.

Results: Twenty infants were included. The growth rate increased considerably, and the colon diameter
was signi�cantly larger after MFR. However, the citrulline levels did not signi�cantly differ between the
normal-output MFR and the control group. One case of bowel perforation occurred during the manual
reduction for stoma prolapse. Although the association with MFR was unclear, two cases of culture-
proven sepsis during MFR were noted.

Conclusions: MFR bene�ts the growth and intestinal adaptation of preterm infants with enterostomy and
can be safely implemented with a standardized protocol. However, infectious complications need to be
investigated further.

Trial registration: clinicaltrials.gov NCT02812095, retrospectively registered on June 6, 2016.

Background
Premature infants have immature intestinal function and are prone to developing meconium plug
syndrome, necrotizing enterocolitis, and spontaneous intestinal perforation [1, 2]. Surgical intervention is
often required with the creation of an enterostomy and mucous �stula [3, 4]. When premature infants
have a large stoma output volume, enteral feeding may be di�cult. Moreover, such situations can lead to
delayed weight gain, dehydration, and abnormalities of electrolytes. Consequently, prolonged parenteral
nutrition (PN) is required, which induces catheter-related infection, cholestasis, and intestinal mucosal
atrophy [5]. To solve this problem, mucous �stula refeeding (MFR) was introduced by Puppala in the
1980s. MFR is the practice of collecting proximal ostomy e�uent and reinfusing it into the distal mucous
�stula. It can prevent atrophy of the distal bowel and promote �uid and nutrient absorption [6, 7]. In
previous retrospective studies, MFR was proven as a safe technique that helped in promoting infant
growth and discontinuing PN [7–10]. However, no prospective studies have yet evaluated the e�cacy and
safety of MFR. Therefore, we conducted an exploratory randomized controlled trial (RCT) to evaluate
whether MFR is safe and bene�cial for growth and intestinal adaptation of preterm infants with stoma
formation.

Methods
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Trial design
This study was conducted at the neonatal intensive care unit (NICU) of Seoul National University
Children’s Hospital as a single-center, exploratory RCT with parallel enrollment between July 1, 2015 and
November 11, 2019. The study was approved by the institutional ethics committee (IRB No. 1407-193-
601) and prospectively registered with the ClinicalTrials.gov registry (NCT02812095). The study was
follow the standards established by CONSORT. Written informed consent for the study was obtained from
the parents of the preterm infants. Preterm infants born before 35 weeks’ gestation with enterostomy
were eligible for enrollment. We excluded patients with congenital anomalies (e.g., congenital bowel
obstruction and congenital megacolon), blind pouches, stricture and unstable vital signs. When patients
achieved the full feeding levels (volume of enteral feeds > 120 mL/kg/day), those with enterostomy
e�uent volume ≥ 40 mL/kg/day were categorized as the high-output MFR group, and all infants in that
group received MFR. The other patients whose enterostomy e�uent was < 40 mL/kg/day were randomly
assigned to the control or trial group (de�ned as normal-output MFR) at a 1:1 ratio, using a computer-
generated allocation sequence. Parents and medical staff were not blinded to the group allocation. For all
the patient groups, the general management proceeded in the same manner, except MFR. A distal
loopogram was constructed before MFR was started, and upon identi�cation of a stricture, the infant was
excluded from the study. Even for infants in the control group, they were excluded if the requirement for
MFR was identi�ed according to the clinical course.

The safety of the study was assessed daily. The patients were monitored for the following adverse
reactions: respiratory (hypoxemia, tachypnea), cardiovascular (hypotension, tachycardia, bradycardia);
gastrointestinal (bilious gastric remain, abdominal distension, vomiting); skin erosion, stoma problems
(prolapse, irritation, bleeding); and infections (culture-proven sepsis, wound infection). If an adverse
reaction occurred, the neonatologist in the clinical team appraised the situation and temporarily halted
the refeeding as necessary. In case of serious adverse reactions, the intervention was terminated.

As this exploratory trial aimed to generate data on MFR for the power calculation of the full-scale RCT, the
convenience sample size consisted of all eligible infants in our institution for 4 years. Approximately 5–
10 infants required enterostomies per year and total 15 patients were selected as the adequate number of
subjects, assuming a 10% dropout rate.

We collected patient demographic and diagnostic characteristics, clinical outcomes, colon diameter on
loopogram before reanastomosis, and serum citrulline levels at 4 timepoints: just before refeeding, after 4
weeks, just before reanastomosis, and 12 weeks after reanastomosis. We also collected the biopsy
specimens of the distal ileum at the stoma closure and evaluated the infants for any MFR-associated
complications.

Nutrition
After the surgery for enterostomy, all infants received PN. If the surgeon judged that the patient's bowel
condition had improved (e.g.: reduced amount of nasogastric tube output, x-ray bowel gas pattern) and
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could receive enteral feeding, feeding was started. Bolus feeding (every 2–3 h) was performed routinely.
Forti�ed breast milk, preterm formula, or hydrolyzed protein formula were used for enteral nutrition (EN).
Feeding was started at 20 mL/kg, and if tolerable, the amount was increased by 20-30mL/kg per day. PN
was discontinued when infants reached the levels of full feeding (enteral feed volume > 120 mL/kg/day)
and age-appropriate weight gain was achieved without PN supplementation.

Intervention protocol: mucous �stula refeeding
MFR was started when infants reached full enteral feeding, and the enterostomy output volume was
su�ciently collected. MFR was initially performed by the surgeon and continued by the NICU nurse. We
collected the proximal stoma output in pouches every 8 h and delivered 50% of it into the distal �stula.
Initially, MFR was performed three times, and when there were no side effects, 50% was administered six
times every 4 h. From then on, 100% was applied every 4 h. We manually delivered the output to the distal
mucous �stula through a 3- or 4-Fr Nelaton catheter over 5–10 min. We used a new catheter for each
infusion and subsequently removed the catheter. MFR was performed until reanastomosis, unless there
were serious side effects.

Outcome
The primary outcome was the e�cacy of MFR, indicated by the growth, change of colon diameter
(assessed using loopograms), and serum citrulline level. Growth was presented as the z-score of length
and bodyweight. The secondary outcomes were duration of PN, histological results of the distal ileum at
stoma closure, and the safety of MFR. Experienced pediatric radiologists assessed the bowel diameter
changes in the loopograms, and pathologists evaluated the degree of chronic in�ammation and villous
structure of the distal ileum at the stoma closure. The degree of chronic in�ammation was classi�ed as
mild, moderate, or severe depending on the number of monocytes between crypts. The radiologists and
pathologists were blinded to the clinical status of the patients.

Statistical analyses
Statistical analysis was performed using SPSS 20.0 (IBM, Chicago, IL, USA). A chi-squared test was used
to compare categorical data between groups, while a Mann-Whitney U test was used to compare
quantitative data between groups. P-values were derived from ANCOVA adjusted for postmenstrual age
(PMA) and body weight z-score at stoma formation. P-values < 0.05 were considered statistically
signi�cant.

Results

Study population
A total of 52 infants born before 35 weeks of gestation who had enterostomies were eligible for the study.
Of them, 32 infants were excluded per the exclusion criteria and the parents of 12 infants declined to
provide consent. Therefore, 20 preterm infants were �nally analyzed (4 infants allocated to the high-
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output MFR group before randomization; 16 infants were randomized to the control and normal-output
MFR groups (n = 8 each). Two infants in the control group were reassigned to the high-output MFR group
because their stoma output �nally exceeded 40 mL/kg/day. Another infant in the control group started
MFR based on the surgeon’s recommendation for micro-colon management. In the normal-output MFR
group, three infants were excluded; in one case, a stricture was detected on the loopogram, another infant
had a bowel perforation after stoma reduction following MFR, and another one required a second
ileostomy (Fig. 1).

Demographic and surgical information
The gestational age (25+ 0 vs. 26+ 6 vs. 29+ 0 weeks; high-output MFR vs. normal-output MFR vs. control)
and birthweight (540 vs. 880 vs. 1,190 g) were lower in the high-output MFR group than that in the
normal-output MFR and control groups (p < 0.05). However, the control and normal-output MFR groups
showed no signi�cant differences in the gestational age and the birthweight. The diagnosis and operative
�ndings were not signi�cantly different between groups (Table 1).
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Table 1
Demographic and surgical information

  High output

MFR

(n = 5)

Normal output
MFR

(n = 5)

Control

(n = 5)

P-
value†

P-
value§

Gestational age
(weeks)

25 (23, 26 + 4) 26 + 6 (26 + 2, 33 
+ 5)

29 (27 + 4, 30 
+ 2)

0.013* 0.151

Birth weight (g) 540 (520, 620) 880 (620, 1240) 1,190 (850,
1,500)

0.028* 0.310

Male 2 (40) 2 (40) 4 (80) 0.143 0.197

At stoma formation          

Postnatal day 12 (6, 43) 13 (2, 28) 5 (1, 18) 0.513 0.310

Post menstrual age
(week)

28 + 3 (24 + 5,
31)

28 + 1 (27 + 1, 37 
+ 5)

29 (27 + 4, 32 
+ 6)

0.099 0.690

Diagnosis at stoma formation     0.241 0.223

Necrotizing
enterocolitis

1 (20) 2 (40) 2 (40)    

Meconium obstruction 2 (40) 2 (40) 0 (0)    

Spontaneous

intestinal perforation

2 (40) 1 (20) 3 (60)    

Jejunostomy 1 (20) 1 (20) 0 (0.0) 0.283 0.292

Preserved IC valve 5 (100) 5 (100) 5 (100) 1.000 1.000

Resection bowel length
(cm)

10 (0, 35) 10 (0, 30) 4 (0, 50) 1.000 1.000

Values are presented as the median (min, max), or number (%).

† Control vs. MFR (Normal and High-output), § Control vs. MFR (Norma-output only)

Abbreviations: MFR, mucous �stula refeeding; HCA, histologic chorioamnionitis; PROM, premature
rupture of membranes; SGA, small for gestational age; RDS, respiratory distress syndrome; BPD,
bronchopulmonary dysplasia; PDA, patent ductus arteriosus; IVH, intraventricular hemorrhage; PVL,
periventricular leukomalacia; IC valve, ileocecal valve.

* p < 0.05

Clinical and laboratory outcomes
There was no signi�cant difference in total PN duration from stoma formation to off-PN (50.5 vs. 44
days; normal-output MFR vs. control, p = 1.000). The z-scores of body weight at stoma formation in the
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normal-output MFR group were signi�cantly lower than those in the control group (-1.79 vs. -0.43, p = 
0.032). However at the time of reanastomosis, the Z-scores of the bodyweight (− 2.19 vs. −3.82) and
length (− 3.08 vs. −4.33) were larger in the normal-output MFR group than in the control group. Similarly,
the bodyweight (− 0.96 vs. −2.98) and length (− 1.77 vs. −4.05) z-scores at 3 months after reanastomosis
were numerically larger in the normal-output MFR group than in the control group, without statistical
signi�cance. Colon diameter on loopogram before reanastomosis was signi�cantly larger in the
transverse (10.15 vs. 6.05 mm, p = 0.002), descending (10.22 vs. 6.06 mm, p = 0.005), and sigmoid (12.48
vs. 7.07 mm, p = 0.037) colon in the normal-output MFR group than in the control group. The citrulline
levels did not signi�cantly differ between the normal and control groups. However, the median value of
the normal-output MFR group was higher just before reanastomosis (31.19 vs. 26.29 µmol/L) and at 12
weeks after reanastomosis (35.45 vs. 27.23 µmol/L) than those of the control group. The control group
had more frequent severe chronic in�ammation of distal ileum at the stoma closure (75% vs. 20%)
(Table 2).



Page 8/17

Table 2
Clinical and laboratory outcomes

  Normal output

MFR

(n = 5)

Control

(n = 5)

P-
value§

P-
value¶

Total days of MFR 39 (17, 75) 0 -  

Total PN duration

after stoma formation to off-PN
(days)

50.5 (16, 118) 44 (32, 68) 1.000  

Reach full feeding

after reanastomosis (days)

12 (7, 17) 8 (6, 9) 0.111  

At reanastomosis operation

POD of enterostomy 103 (73, 123) 85 (64, 122) 0.548  

PMA 44 + 5 (37 + 4, 49 + 
5)

42 + 2 (39 + 1, 45) 0.421  

Body measurement (z-score)

At stoma formation        

Body weight -1.79 (-2.69, -0.95) -0.53 (-1.45, -0.10) 0.032*  

Length -1.68 (-2.37, -1.18) -0.43 (-1.62, 0.07) 0.063  

At reanastomosis operation        

Body weight -2.19 (-4.53, -1.11) -3.82 (-4.32, -3.36) 0.690  

Length -3.08 (-4.46, 0.28) -4.33 (-6.0, -3.94) 0.421  

Three months after reanastomosis    

Body weight -0.96 (-2.01, 0.1) -2.98 (-3.51, -2.07) 0.841  

Length -1.77 (-2.38, 0.21) -4.05 (-4.31, -2.60) 0.690  

Change of Z-score from stoma formation to reanastomosis  

Body weight -0.735 (-3.58, 1.58) -1.54 (-3.66, 1.71) 0.556  

Length -1.28 (-3.28, 2.65) -1.67(-4.04, 0.67) 0.730  

Distal loopogram before reanastomosis, diameter (mm)

Transverse colon 10.15 (7.3, 14.4) 6.05 (5.8, 7.8) 0.114 0.002*

Descending colon 10.22 (6.9, 14.3) 6.06 (4.8, 6.6) 0.029* 0.005*



Page 9/17

  Normal output

MFR

(n = 5)

Control

(n = 5)

P-
value§

P-
value¶

Sigmoid colon 12.48 (8.9, 15.9) 7.07 (6.6, 11.3) 0.114 0.037*

Rectum 18.20 (12.9, 21.0) 16.6 (12.6, 22.4) 1.000 0.573

Citrulline (umol/L)¶

Just before refeeding 20.89 (12.47,
38.27)

21.03 (12.18,
22.30)

0.690 0.063

After 4 weeks 32.23 (24.91,
44.30)

30.12 (18.49,
41.66)

0.413 0.598

Just before reanastomosis 31.19 (22.04,
44.30)

26.29 (18.03,
40.00)

0.421 0.249

12 weeks after reanastomosis 35.45 (26.52,
37.29)

27.23 (24.50,
34.78)

0.190 0.858

Biopsy at stoma closure (distal)‡

Chronic in�ammation     0.196  

Mild 2 (40) 0 (0)    

Moderate 2 (40) 1 (25)    

Severe 1 (20) 3 (75)    

Intact Villous structure 1 (20) 0 (0) 0.556  

Culture proven sepsis 1 (20) 1(20) 1.000  

Values are presented as median (min, max), or number (%).

§ Control vs. Normal-output MFR

¶ Control vs. Normal-output MFR. The values were adjusted for postmenstrual age at reanastomosis
and bodyweight z-score at stoma formation. Citrulline levels were adjusted for postmenstrual age at
the time of sample collection and body weight z-score at stoma formation.

‡ One biopsy sample of control group was missed.

Abbreviations: MFR, mucous �stula refeeding; POD, postoperative days; PMA, postmenstrual age; HC,
head circumference, PNALD; parenteral nutrition-associated liver disease.

* p < 0.05

In the entire MFR group’s longitudinal comparison, weight and length growth was signi�cantly
accelerated after MFR with or without adjustment for PMA. However, colon size differences on loopogram
were not signi�cant after adjusting for the PMA of loopogram (Table 3).
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Table 3
Bowel diameter and growth velocity of the MFR group

High + normal output

MFR group

(n = 10)

Before MFR After MFR

(Before stoma closure)

P-value P-value§

Dimeter (mm) on loopogram        

Transverse colon 6.45 (3.90, 8.20) 8.93 (7.26, 14.40) 0.031* 0.865

Descending colon 6.3 (3.80, 10.43) 9.54 (6.9, 14.30) 0.077 0.806

Sigmoid colon 7.60 (4.70, 10.40) 10.99 (8.85, 15.90) 0.031* 0.751

Rectum 14.30 (8.60, 17.10) 17.35 (12.90, 21.00) 0.206 0.990

Velocity of growth      

Weight (g/day) 9.53 (4.76, 15.82) 23.36 (18.00, 36.11) 0.000* 0.000*

Length (cm/day) 0.09 (0.00, 0.13) 0.15 (0.08, 0.22) 0.003* 0.016*

Head circumference (cm/day) 0.08 (0.04, 0.13) 0.075 (0.00, 0.14) 0.541 0.588

Values are presented as the median (min, max), or number (%).

Abbreviations: MFR, mucous �stula refeeding.

§The values were adjusted for the postmenstrual age at each time point.

* p < 0.05

Safety
The MFR intervention was discontinued for 3 infants in the normal-output MFR group temporarily due to
bowel distension/ prolapse/ skin erosion around the stoma and resumed after symptom improvement.
The MFR intervention was terminated for one infant in the MFR group after a severe adverse reaction was
reported. This patient received MFR for 10 days and suffered from bowel perforation during the manual
reduction for stoma prolapse, thus requiring termination of MFR. Though the intervention was not
interrupted because of an unclear association with MFR, two episodes of culture-proven sepsis
(associated with Klebsiella aerogenes and Staphylococcus epidermidis)occurred during the study period;
one in the normal-output MFR group and another in the high-output MFR group respectively. While
maintaining the stoma in situ, four more cases of culture-proven sepsis occurred (Table 4).
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Table 4
Cases of culture-proven sepsis after enterostomy

Case
No.

group Onset
of
sepsis

Days
after
starting
MFR

Days after
enterostomy

pathogens Antibiotics
use

(days)

No. of
sepsis

1 Normal
output
MFR
group

Before
MFR

N/A 13 Staphylococcus
epidermidis

10 1

2 High
output

MFR
group

Before
MFR

N/A 25, 49 Methicillin-
resistant
Staphylococcus
aureus

16, 14 2

3 Control
group

N/A N/A 7 Candida albicans 32 1

4 High
output
MFR
group

During
MFR

15 161 Staphylococcus
epidermidis

18 1

5 Normal
output
MFR
group

During
MFR

15 109 Klebsiella
aerogenes

19 1

Discussion
This is the �rst prospective RCT examining the safety and e�cacy of administering MFR to preterm
neonates. Our study showed that MFR is bene�cial for increasing the bowel diameter and growth rate.
Moreover, citrulline levels tended to be higher in the MFR group than for infants in the control group,
which was not statistically signi�cant.

Premature infants are capable of intestinal growth and adaptation after bowel resection [11]. Higher
volumes of ostomy output adversely affect the growth and the body �uid and electrolyte status. Previous
studies show that a stoma discharge < 40 mL/kg/day is considered ideal [12, 13]. To manage this
situation and promote intestinal adaptation, a previous study showed the usefulness of MFR for growth
and PN discontinuation because it arti�cially maintains the bowel �ow to help absorption [10, 14, 15].
Furthermore, MFR improved the tolerance for EN after reanastomosis [16]. Therefore, we classi�ed the
infants with an ostomy output > 40 mL/kg/day into the high-output group and performed MFR to them. In
the comparison of the outcomes of the normal-output MFR group and control group with an ostomy
output < 40 mL/kg/day, no signi�cant differences were observed in the PN duration, number of days
required to reach full-feeding after reanastomosis, and the timing of reanastomosis.
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The z-score of bodyweight at the stoma formation in the normal-output MFR group was signi�cantly
lower than that of the control group; however, at the times of reanastomosis operation and three months
after the reanastomosis, the z-scores of bodyweight were not signi�cantly different, thus meaning that
MFR facilitated weight gain.

In the loopograms taken just before reanastomosis, colon diameters were signi�cantly larger in the
transverse, descending, and sigmoid colon of infants in the normal-output MFR group than those in the
control group. Lau et al. [8] reported that MFR could decrease the risk of anastomotic complication. In our
study, the anastomosis procedure had to be rescheduled for one infant in the control group due to a
bowel-end size discrepancy. The infant subsequently underwent MFR and reanastomosis 75 days later.

Histopathological �ndings of the distal ileum at the stoma closure showed that chronic in�ammation and
destruction of villous structures were more frequent in the control group than in the normal-output MFR
group. Similar to our �ndings, Yabe et al. [9] reported that MFR helped increase intestinal mucosal
thickness and maintain the villous structure of the distal ileum. Intestinal maturation and rehabilitation
are reinforced by exposure to enteral nutrients and enterotrophic factors [17, 18], which can be simulated
by MFR.

Serum citrulline is a non-protein amino acid that is synthesized from glutamine and glutamine-related
components within enterocytes [19, 20]. Serum citrulline is a widely used marker in infants to evaluate
length and absorption capabilities of the small bowel and prognosis for PN weaning [21, 22]. We
compared serum citrulline levels between groups and found no signi�cant difference between the normal-
output MFR and control groups. The median citrulline level at 4 weeks, just before reanastomosis, and 12
weeks after reanastomosis tended to be higher in the normal-output MFR group. This may indicate that
MFR has a persistent positive effect on bowel rehabilitation after reanastomosis.

The amount of weight gain in premature infants naturally increases as PMA advances. Therefore, we
compared the growth velocity before and after MFR after adjusting for PMA, by which the positive impact
of MFR on weight gain would be veri�ed more appropriately. Both of the daily weight and length gain
were signi�cantly larger after MFR in high-output + normal-output MFR group after adjusting for PMA.

In our study, several complications had occurred. MFR was terminated in one case due to perforation
during a manual stoma reduction and minor complications of stoma prolapse, bowel distension and skin
erosion were reported. Haddock et al. [23] conducted a study on MFR using a 12-Fr catheter that
constantly implanted and reported that 17% of patients who underwent MFR experenced serious
complications including bowel perforation or bleeding. In recent studies evaluating the safety of MFR,
several factors including catheter size, personnel responsible for insertion, and insertion method were
standardized, and no major MFR-related complications (perforation, stricture, or death) were reported [7,
9]. By standardizing the protocol, a more re�ned process could be performed using a weight-appropriate
catheter. During the MFR procedure, there were two cases of culture-proven sepsis, each from the normal-
output and high-output group. However, the intervention was not discontinued because the direct
relationship between MFR and sepsis could not be determined. Even without any intervention, four
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additional cases of culture-proven sepsis had occurred. The conditions of extremely low gestational age
and the presence of a central venous catheter and stoma alone confer a very high risk for sepsis to this
study population. In infants with enterostomies, the intestinal epithelial barrier function is decreased due
to the mucosal in�ammatory response and villous atrophy, which facilitate the movement of luminal
bacteria and its constituents into the underlying tissue and blood, which increases the susceptibility of
bloodstream infection [24]. Approximately 13% of recurrent sepsis cases occur as a complication in
newborns with enterostomies [25]. Pataki et al studied the microbiological safety of recycling bowel
contents and reported that the stoma e�uent was colonized by commensal facultative pathogenic
enteral and skin �ora including coagulase-negative Staphylococcus after 120 minutes [26]. The
microorganisms cultured during MFR in this study were Staphylococcus epidermidis and Klebsiella
aerogenes, which are stomal pathogens too. On the contrary, Yabe et al cultured the stoma output 3 hours
after its ejection and detected no pathogenic bacteria [9]. In a recent review, infection was not described
as a MFR-related complication [27]. In our study, stoma contents were collected and recycled every 4
hours. Two cases of sepsis occurred during MFR, but the relationship between MFR and sepsis could not
be determined in this study. Therefore, we ascertain the necessity to probe whether this recycling interval
is associated with a risk of infection. Further research is necessary on the infectious complications in the
future studies and careful clinical monitoring for infection is necessary during the refeeding period.

Several limitations of this study need to be acknowledged. Due to the vulnerability of the patient group
comprising premature infants, achieving a su�cient sample size through power calculation was di�cult.
Nevertheless, this was the �rst RCT for MFR that explored the bene�ts and safety of MFR with a
controlled protocol. Hence, it can provide the basis for further RCTs for MFR.

Conclusion
MFR for preterm infants with enterostomy is advantageous for growth and intestinal adaptation as
shown by this exploratory RCT. MFR is relatively safe if performed using a standardized protocol with
monitoring of infection. Future studies should investigate the infections that occur as MFR-related
complications.
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Figure 1

Flow diagram of the study.

MFR, mucous �stula refeeding 


