
RESEARCH ARTICLE Open Access

Complications of enterostomy and related
risk factor analysis of very early onset
inflammatory bowel disease with
interleukin-10 signalling deficiency: a
single-centre retrospective analysis
Zifei Tang1, Zhiheng Huang1* , Weili Yan2, Yi Zhang2, Peng Shi3, Kuiran Dong4, Ying Gong5, Min Ji5,
Yuhuan Wang1, Zhuowe Yu1 and Ying Huang1*

Abstract

Background: Interleukin-10 (IL10) signalling pathway deficiency results in severe very early onset inflammatory
bowel disease (VEOIBD), and enterostomy is often inevitable. However, studies in these surgical populations are
lacking. This study aims to determine the enterostomy characteristics, postoperative complications and related risk
factors in enterostomy patients.

Methods: From March 1, 2015, to December 31, 2018, patients with IL10R-mutation who underwent enterostomy
were recruited for analysis. We collected data on the patients’ clinical characteristics, enterostomy characteristics,
postoperative complications and related risk factors.

Results: Twelve patients required emergency enterostomy, and 10 patients underwent elective enterostomy.
Twelve patients experienced postoperative complications, including wound infection (27.3%), wound dehiscence
(18.2%), reoperation (18.2%), etc. Compared with the pre-enterostomy values, there was a decrease in C-reactive
protein (CRP) (P = 0.001), an increase in albumin (P = 0.001) and an improvement in the weight-for-age (P = 0.029)
and body mass index (BMI) Z-scores (P = 0.004) after enterostomy. There was a significant difference between the
pre-operation and postoperation medicine expenses (P = 0.002). Univariate binary logistic regression analysis
revealed a statistically significant influence of CRP (OR: 1.43, 95% CI: 1.07–1.91, P = 0.016) and a tendency towards a
significant influence of intestinal perforation, albumin level, BMI Z-score and weighted paediatric Crohn’s disease
activity index (wPCDAI). Multivariate logistic regression analysis showed that CRP (OR: 1.40), wPCDAI (OR: 2.88) and
perforation (OR: 1.72) showed a tendency to behave as independent risk factors for postoperative complications,
but the results were not significant (all P > 0.05).

Conclusions: Surgery and enterostomy showed benefits for VEOIBD with IL-10 signalling deficiency. The timing of
intervention, potential postoperative complications, economic burden and other related problems should be
considered.
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Background
Very early onset inflammatory bowel disease (VEOIBD)
in children under the age of 6 years diagnosed with IBD
is often associated with a monogenetic disorder [1].
More than 60 genes associated with VEOIBD have been
identified through next-generation sequencing and gen-
etic linkage analysis [2, 3].
Interleukin-10 (IL10)/interleukin-10 receptor (IL10R)

mutations have been identified in a subset of infants
with severe VEOIBD. Our group studied a large cohort
of patients with VEOIBD caused by IL-10R defects [4,
5]. This type of VEOIBD often presents as perianal dis-
eases and intestinal ulcers, perforation, and obstruction;
VEOIBD responds poorly to medical therapies and re-
quires early surgical interventions [4, 6]. Elective surgery
and emergency surgery are often performed in children
with severe gastroenterological symptoms [7].
However, descriptions of enterostomy in VEOIBD pa-

tients, especially those with IL10R gene mutations, are
scarce. This retrospective study aims to describe the
characteristics of VEOIBD patients with IL10R mutation
after enterostomy, enterostomy complications and re-
lated risk factors.

Methods
Patients
This study was approved by the Ethics Committee of the
Children’s Hospital of Fudan University. From March 1,
2015, to December 31, 2018, 25 VEOIBD patients with
IL10R mutation who underwent enterostomy were re-
cruited. Three patients were excluded because enteros-
tomy was performed outside of the hospital or they
lacked complete data.
Data were collected from the electronic medical re-

cords of the patients. Follow-up information, including
age of onset, presence of perianal lesions, surgical proce-
dures, clinical outcomes, family history, gene informa-
tion, etc. were also collected. The weighted paediatric
Crohn’s disease activity index (wPCDAI) was used to as-
sess the clinical course of the disease.

Classification of complications
Complications of enterostomy for VEOIBD patients with
IL10R mutation were noted. Complications included
haemorrhage, wound infection, seepage, incisional her-
nia reoperation, death, etc.

Nutritional evaluation
For the included patients, the available height, weight,
weight-for-age Z-score, height-for-weight Z-score, and BMI
Z-score at the time of first diagnosis were determined using
the World Health Organization (WHO) Anthro software
(version 3.2.2) [8]. The 2015 consensus on paediatric mal-
nutrition guidelines was used to categorize BMI-for-age Z-

scores into the following levels of malnutrition: none, > − 1;
mild, − 1 to − 1.9; moderate, − 2 to − 2.9; and severe, <− 3
[9]. C-reactive protein (CRP) and albumin levels were also
collected for the nutritional evaluation.

Analysis
Data were analysed using SPSS 24.0 for Windows (SPSS
Inc., Chicago, IL, USA). Continuous data were presented
as the mean and standard deviation (SD) or median and
interquartile range (IQR). Categorical variables were re-
ported as the frequency and percentage. Comparisons
between groups (CRP, RMB/month discharge, weight-
for-age Z-score, height-for-weight Z-score, and BMI Z-
score) were made by using the Mann-Whitney U test for
non-normally distributed data; Student’s t-test was used
for albumin comparison because the data were normally
distributed. A two-tailed P value < 0.05 was considered
statistically significant. A multivariate analysis was per-
formed using binary logistic regression to determine the
independent risk factors associated with enterostomy
complications. Because the traditional level of 0.05 might
fail to identify variables known to be important, for in-
clusion in the multivariate mode, we chose only factors
that had P values < 0.1 in the univariate analysis for in-
clusion in the multivariate analysis [10].

Results
Baseline characteristics of the patients who underwent
enterostomy
From March 1, 2015, to December 31, 2018, a total of
25 patients underwent enterostomy (14 males and 11 fe-
males). Of these patients, 22 had complete data and were
enrolled. Twenty-one patients presented IL10RA gene
mutations and the mutation sites of 14 patients were
previously reported [4, 5, 11]. One patient presented
novo homozygous mutations of the IL10RB gene
(c.612G > C, p. W204C). The variant pathogenic analysis
is shown in Additional file 1: Table S1.
Throughout the study period, the medical treatments

included haematopoietic stem cell transplantation
(HSCT) (45.5%), mesalamine (45.5%), thalidomide
(77.3%), infliximab (13.6%), azathioprine (4.5%), and fae-
cal microbiota transplant (FMT) (4.0%). As of the last
follow-up, none of the patients had undergone repeated
HSCT. The basal data are shown in Table 1.

Characteristics at the time of first surgery
For the included patients, emergency or selective surger-
ies were employed for different conditions. Twelve pa-
tients underwent emergency surgeries (6 for intestinal
obstruction and 6 for intestinal perforation). Ten pa-
tients underwent elective surgeries because of refractory
intestinal infection (7 cases), intestinal stenosis (2 cases)
and severe perianal diseases (1 case) and after medical
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treatment. The median and IQR age of first surgery was
12.0 months [5.0, 27.3]. The type of surgery is shown in
Table 2. Among the enterostomies, ileostomy was the
most common surgery, followed by jejunostomy.
Complications of enterostomy occurred in some of the

patients (Table 2). The most common postoperative
complication was wound infection (27.3%), followed by
wound dehiscence (18.2%), reoperation (18.2%), death
(9.1%), short bowel syndrome (9.1%), wound bleeding
(9.1%) and parastomal hernia (4.5%) (Fig. 1).

Comparison of pre-operation and postoperation data
Pre-operation and 14-day postoperation laboratory data
were collected. After the operation, the CRP level de-
creased dramatically with increasing albumin (P =
0.001). Growth parameters at two time points (at the
first hospitalization and on December 31, 2018) were re-
corded. The weight-for-age Z-score and BMI Z-score
improved significantly after surgery (P = 0.029 and 0.004,
respectively).

No difference was observed in the total patient dis-
charge expenses pre- and postoperation (median and
IQR: 9000 [4250, 22,500] RMB/month vs. 3200 [2075,
8500] RMB/month, P = 0.068) because of the additional
expense of enterostomy care (Fig. 2). However, there
was a significant difference in the pre- and postoperation
expenses for medicine (median and IQR:9000 [4250, 22,
500] RMB/month vs. 500 [350, 2625] RMB/ month, P =
0.003).

Risk factors for enterostomy complications
The risk factors were analysed for two groups: those
with and without enterostomy complications. We found
that there was a significant difference in CRP levels (OR
1.413, 95% CI: 1.069, 1.914, P = 0.016) and a tendency
towards significant differences in intestinal perforation
(OR 4.667, 95% CI: 0.765, 28.466, P = 0.095), albumin
level (OR 0.083, 95% CI: 0.693, 1.002, P = 0.053), BMI Z-
score (OR 0.076, 95% CI: 0.480, 1.036, P = 0.075) and
wPCDAI (OR 3.338 95% CI: 0.850,13.515, P = 0.084).
Variables with statistical significance in the univariate

analysis were considered in the multivariate logistic regres-
sion analysis. CRP level, intestinal perforation, albumin
level, BMI Z-score and wPCDAI were included in the

Table 1 Demographic characteristics of children with VEOIBD
with IL10R deficiency

Characteristic

Male: n (%) 14(63.6%)

Age at diagnosis (m): median [IQR] 9(3.5,21.5)

Duration of follow-up (m): median [IQR] 16.0(4.8,31.3)

Diarrhoea: n (%) 21(94.5)

Fever: n (%) 11(50.0%)

Oral ulcer: n (%) 7(31.8%)

Perianal disease: n (%) 16(72.7%)

Growth parameters at first hospitalization

Weight-for-age Z-score: median [IQR] −3.5(−4.7, −2.7)

Height-for-age Z-score: median [IQR] −3.1(− 4.7, − 2.2)

BMI Z-score: median [IQR] −2.6(− 3.8, − 0.53)

Medication usage prior to enterostomy

Thalidomide: n (%) 17(77.3%)

HSCT: n (%) 10(45.5%)

Mesalazine: n (%) 10(45.5%)

Infliximab: n (%) 3(13.6%)

Table 2 Enterotomy information of children with VEOIBD with
IL10R deficiency

Operation-related information

Pre-operative assessment

Abdominal distension: n (%) 12(54.5%)

Malnutrition (%) 8(36.4%)

Intestinal obstruction on X-ray examination: n (%) 7(22.7%)

Intestinal perforation on X-ray examination: n (%) 6(22.7%)

CRP (mg/L) 70.5(41.3153.8)

WBC (*10^9/L) 11.5(8.9,14.6)

Hb (g/L) 92.6(85.0,103.8)

Albumin (g/L) 26.59 ± 6.43

wPCDAI 58.9 ± 17.9

Operation opportunity and type

Emergency surgery: n (%) 12(54.5%)

Ileostomy: n (%) 13(59.1%)

Jejunostomy: n (%) 8(36.4%)

Transversostomy: n (%) 1(4.5%)

Findings during operation

Perforation in small bowel: n (%) 2(9.1%)

Perforation in ileocaecal junction 2(9.1%)

Perforation in colon and rectum 7(31.8%)

Peritonitis: n (%) 6(27.3%)

Intestinal adhesion or dilatation: n (%) 12(54.5%)

Enterostomy complications

Wound infection: n (%) 6(27.3%)

Wound dehiscence: n (%) 4(18.2%)

Wound bleeding: n (%) 2(9.1%)

Reoperation: n (%) 6(27.3%)

Death: n (%) 2(9.1%)

Short bowel syndrome: n (%) 2(9.1%)

Parastomal hernias: n (%) 1(4.5%)

Prognosis (death): n (%) 6(27.3%)
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independent risk factor analysis. Although no significant
differences were observed after the multivariate analysis,
CRP level (OR1.400, P = 0.195), wPCDAI (OR 2.881, P =
0.260) and intestinal perforation (OR1.72, P = 0.737) had a
tendency towards being independent risk factors (Table 3).

Follow-up
At the last follow-up, sixteen patients were still alive,
and six patients had died. In our study, 3 patients re-
ceived secondary stoma construction apart from the pri-
mary incision. Two patients underwent reoperation for
adhesive intestinal obstruction or prolapse.
Ten patients received HSCT after enterostomy; the me-

dian and IQR for the time interval between enterotomy
and HSCT were 120.0 days [80.3237.3]. Of the patients
who received HSCT after enterostomy, nine experienced
confirmed successful immune reconstitution and symp-
tom remission, and one patient died of graft failure and
sepsis. Three patients experienced remission after enteros-
tomy with no need for HSCT. The remaining patients had
improved growth parameters after enterostomy and were
waiting for HSCT at the end of the study. Till the time of

this article draft, the rate of enterostomy closure was 9.1%
(2/22), and the time interval was 17.5months for one pa-
tient and 25.8months for another.

Discussion
VEOIBD, especially with IL10/IL10R signalling pathway
deficiency, is characterized by severe enterocolitis, perianal
disease and proctitis involving the colon and terminal
ileum [12]. The lesions associated with IL10 are distrib-
uted from the jejunum to the anorectum, and the terminal
ileum and colon are the most frequently involved sites.
Stricture, perforation, abscess, fistula, and severe perianal
disease are common complications in IL10R-mutation
IBD patients. Surgery is indicated after medical treatment
is unsuccessful or after disease complications develop [13,
14]. However, published data on the complications, pos-
sible risk factors and other postoperative outcomes in
IL10R-mutation IBD patients are scarce.
For paediatric IBD patients, the benefits of enterostomy

include alleviation of disease severity, extended lifespan and
reduced risk of death [14–16]. Although surgery is never
curative for paediatric IBD patients, it has the ability to

Fig. 1 Enterotomy characteristics in IL10R-mutation VEOIBD patients with and without complications. a Enterostomy without complication;
b Wound infection; c Parastomal hernias; d Wound dehiscence
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transform the disease process. For monogenic VEOIBD,
timely enterostomy may offer opportunities for further
HSCT [17]. In our study, 22 IL10R-mutation patients
underwent enterostomy, and 12 patients underwent an
emergency operation because of intestinal obstruction or
perforation. Surgical procedures such as ileostomy and col-
ostomy can induce remission of the disease.
Fahy et al. reported that in paediatric patients with se-

vere refractory Crohn’s colitis, total colectomy offers an

opportunity to improve nutrition and growth and reduce
steroid use with a reasonable likelihood of restoring in-
testinal continuity [18]. Maxwell et al. reported that in
paediatric patients with refractory colonic IBD, a divert-
ing ileostomy can be a successful intervention to induce
clinical stability [19]. In our study, the surgical approach
allowed patients to decrease the use of metronidazole,
thalidomide and other drugs. The patients experienced
disease remission and developmental growth after

Fig. 2 Comparison of clinical variables before and after enterostomy. a Pre-operation and 14-day postoperation CRP levels. b Pre-operation and
14-day postoperation albumin levels. c Comparison of pre- and postoperation medicine expenses (RMB per month). d Weight-for-age Z-scores at
the first admission and last follow-up. e Height-for-age Z-scores at the first admission and last follow-up. f BMI-for-age Z-scores at the first
admission and last follow-up. *: p < 0.05, **: p < 0.01

Table 3 Risk factor analysis for enterotomy complications of children with VEOIBD with IL10R deficiency

Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Gender 4.0(0.59, 27.25) 0.157

Age of enterotomy 0.94(0.87, 1.01) 0.100

Type of surgery 0.71(0.13, 3.87) 0.696

CRP (mg/L) 1.43(1.07, 1.91) 0.016 1.40(0.84, 2.33) 0.195

X-ray (obstruction/ perforation) 2.16(0.71, 6.62) 0.177

Positive abdominal sign 3.00(0.53, 17.16) 0.217

Perforation 4.67(0.77, 28.47) 0.095 1.72(0.07, 40.33) 0.737

Albumin (g/L) 0.83(0.69, 1.00) 0.053 1.00(0.75, 1.34) 0.999

Anaemia (g/L) 1.01(0.93, 1.09) 0.839

BMI Z-score 0.71(0.48, 1.04) 0.075 1.03(0.59, 1.79) 0.930

Simplified endoscopic score (SES) 1.09(0.92, 1.30) 0.328

wPCDAI 3.39(0.85, 13.52) 0.084 2.881(0.457, 18.150) 0.260
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enterostomy, with an increase in albumin levels, weight
for age Z-scores and BMI Z-scores. Furthermore, 7 pa-
tients gained the opportunity to undergo HSCT, and 6
patients presented successful immune reconstitution and
symptom remission after enterostomy.
For severe VEOIBD with IL10 gene mutations, appro-

priate surgical treatments should be used. Emergency op-
eration indications, such as intestinal perforation,
complete obstruction, or generalized peritonitis, may
occur. For medically resistant patients or those with severe
perianal disease, elective surgeries should be considered
[15]. Leeds et al. reported that delayed operations for
acute ulcerative colitis were associated with increased
postoperative complications, increased lengths of stay, and
increased hospital costs. Therefore, immediate surgical
intervention for medically refractory ulcerative colitis is
suggested [20]. Pigneur et al. reported that of 10 VEOIBD
patients with IL10 signalling pathway defects, 8 patients
underwent surgery, 5 patients were clinically stable after
HSCT, 2 patients died of B-cell lymphoma before HSCT
and 1 patient stabilized without treatment [21]. Our group
obtained the same results: 5 patients died after emergency
surgery because of severe infection and/or malnutrition.
After elective enterostomy, only 1 patient died because of
sepsis during HSCT. The timing of enterostomy and the
age at enterostomy should be considered. The benefits of
selective enterostomy were superior to those of emergency
enterostomy. Prophylactic enterostomy at an earlier stage
may be indicated in some cases. The most common indi-
cations for elective surgery include severe perianal dis-
eases, such as strictures and fistulas; severe intestinal
infection with persistent diarrhoea and septicaemia; and
aggressive disease after medical treatment. The risk of life-
threatening infections will increase in cases of delayed or
unnecessary operations. Therefore, the timing of surgery
is particularly important for these patients. According to
our group’s experience and the published literature, if ag-
gravated infection or abdominal distension and intestinal
dynamic obstruction occur, an enterostomy should be
performed immediately [7, 22].
The management of severe VEOIBD with IL10 gene

mutations remains a challenge despite significant advances
in medical and surgical therapies [15, 23, 24]. The burden
of surgery and postoperative complications in children
with IBD should be considered [25, 26]. In our study, al-
though the drug expenditure decreased after enterostomy
because of remission, the total expenditure did not de-
crease significantly because of the additional expenses as-
sociated with stoma care. Furthermore, more than 50% of
patients experienced complications after colostomy, and
the complication rate remained considerably high. Wound
infection, wound dehiscence, reoperation, short bowel
syndrome, etc. occurred in our patients. Stoma care and
routine assessments were important. Stoma construction

apart from the primary incision may also reduce compli-
cations. Furthermore, stoma closure was another issue for
the patients who underwent enterostomy.
Assa et al. reported that for paediatric Crohn’s disease

(CD), complicated presentations at diagnosis were associ-
ated with an increased risk of surgery (HR = 2.7, P <
0.001), and for ulcerative colitis, severe disease at diagnosis
was associated with an increased risk of colectomy (HR =
3.5, P = 0.002) [27]. Ladd et al. reported that a multivari-
able analysis indicated that malnutrition corresponded
with increased odds of complications in mild and severely
malnourished patients (mild OR = 2.1 [P = 0.04], severe
OR 3.26 [P = 0.03]) [9]. In our study, the multivariate lo-
gistic regression analysis showed that although there was
no significant difference, the CRP level and wPCDAI
showed tendencies to be independent risk factors.
Our study had limitations. One limitation was the

small sample of enterostomy patients because VEOIBD
with an IL10R gene mutation is still a rare disease.
Therefore, there was no significant difference in the in-
dependent risk factors. Second, increased mortality may
have influenced the long-term complication rate for en-
terostomy. Finally, it was difficult to objectively define
the patients’ disease severity because VEOIBD occurred
at a very young age.

Conclusions
Our study demonstrated the benefits of enterostomy in
IL10R-mutation VEOIBD patients. The timing, associ-
ated complications and related risk factors of enteros-
tomy should be considered.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12876-020-1160-4.

Additional file 1: Table S1. The pathogenic/likely pathogenic variants
in VEOIBD patients with IL10R gene mutation.

Abbreviations
BMI: Body mass index; CRP: C-reactive protein; FMT: Faecal microbiota
transplant; HSCT: Haematopoietic stem cell transplantation; IL10: Interleukin-
10; IQR: Interquartile range; SD: Standard deviation; VEOIBD: Very early onset
inflammatory bowel disease; WHO: World Health Organization;
wPCDAI: weighted paediatric Crohn’s disease activity index

Acknowledgements
The authors would like to express their appreciation to the patients and their
parents.

Authors’ contributions
ZT and ZH contributed to the conception of the study and drafted the
manuscript. PS, WY, and YZ contributed to the statistical analyses. KD, YG, MJ,
YW, ZY contribute to the data collection and analysis. YH designed the
study. All authors read and approved the final manuscript.

Funding
None.

Tang et al. BMC Gastroenterology            (2020) 20:8 Page 6 of 7

https://doi.org/10.1186/s12876-020-1160-4
https://doi.org/10.1186/s12876-020-1160-4


Availability of data and materials
The datasets used and analysed in the current study are available from the
corresponding author upon reasonable request.

Ethics approval and consent to participate
The study was approved by the ethics committee of Children’s Hospital of
Fudan University. Because this was a retrospective observational study and
all subjects were anonymized, informed consent was not required. The
administrative permissions and licenses were acquired by our team to access
the data we used in our research.

Consent for publication
The parents or legal guardians of the patients presented in the figures used
within this manuscript gave consent for their personal or clinical details
along with any identifying images to be published in this study. Written and
signed consent for publication was obtained from the parents or legal
guardians of the patients.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Gastroenterology, Children’s Hospital of Fudan University,
399 Wanyuan Road, Minhang District, Shanghai 201102, People’s Republic of
China. 2Department of Clinical Epidemiology, Children’s Hospital of Fudan
University, Shanghai 201102, China. 3Department of Information, Children’s
Hospital of Fudan University, Shanghai 201102, China. 4Department of
Surgery, Children’s Hospital of Fudan University, Shanghai 201102, China.
5Department of Radiology, Children’s Hospital of Fudan University, Shanghai
201102, China.

Received: 6 July 2019 Accepted: 1 January 2020

References
1. Snapper SB. Very-early-onset inflammatory bowel disease. Gastroenterol

Hepatol. 2015;11(8):554–6.
2. Uhlig HH, Schwerd T, Koletzko S, Shah N, Kammermeier J, Elkadri A, Ouahed

J, Wilson DC, Travis SP, Turner D, et al. The diagnostic approach to
monogenic very early onset inflammatory bowel disease. Gastroenterology.
2014;147(5):990–1007 e1003.

3. Shim JO. Recent advance in very early onset inflammatory bowel disease.
Pediatr Gastroenterol Hepatol Nutr. 2019;22(1):41–9.

4. Huang Z, Peng K, Li X, Zhao R, You J, Cheng X, Wang Z, Wang Y, Wu B,
Wang H, et al. Mutations in Interleukin-10 receptor and clinical phenotypes
in patients with very early onset inflammatory bowel disease: a Chinese
VEO-IBD collaboration group survey. Inflamm Bowel Dis. 2017;23(4):578–90.

5. Zheng C, Huang Y, Hu W, Shi J, Ye Z, Qian X, Huang Z, Xue A, Wang Y, Lu J,
et al. Phenotypic characterization of very early-onset inflammatory bowel
disease with Interleukin-10 signaling deficiency: based on a large cohort
study. Inflamm Bowel Dis. 2019;25(4):756–766.

6. Oh SH, Baek J, Liany H, Foo JN, Kim KM, Yang SC, Liu J, Song K. A
synonymous variant in IL10RA affects RNA splicing in Paediatric patients
with refractory inflammatory bowel disease. J Crohn's Colitis. 2016;10(11):
1366–71.

7. Sun S, Ye Z, Zheng S, Chen G, Qian X, Dong K, Huang Y. Surgical treatment
of monogenic inflammatory bowel disease: a single clinical center
experience. J Pediatr Surg. 2019;54(10):2155–61.

8. OF B, Conde CD, Serwas NK, Cokugras FC, Kutlu T, Boztug K, Erkan T. Clinical
features of interleukin 10 receptor gene mutations in children with very
early-onset inflammatory bowel disease. J Pediatr Gastroenterol Nutr. 2015;
60(3):332–8.

9. Ladd MR, Garcia AV, Leeds IL, Haney C, Oliva-Hemker MM, Alaish S, Boss E,
Rhee DS. Malnutrition increases the risk of 30-day complications after
surgery in pediatric patients with Crohn disease. J Pediatr Surg. 2018;53(11):
2336–45.

10. Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of
variables in logistic regression. Source Code Biol Med. 2008;3:17.

11. Ye Z, Zhou Y, Huang Y, Wang Y, Lu J, Tang Z, Miao S, Dong K, Jiang Z.
Phenotype and Management of Infantile-onset Inflammatory Bowel Disease:

experience from a tertiary Care Center in China. Inflamm Bowel Dis. 2017;
23(12):2154–64.

12. Oliva-Hemker M, Hutfless S, Al Kazzi ES, Lerer T, Mack D, LeLeiko N, Griffiths
A, Cabrera J, Otley A, Rick J, et al. Clinical presentation and five-year
therapeutic Management of Very Early-Onset Inflammatory Bowel Disease in
a large north American cohort. J Pediatr. 2015.167(3):527–32.e1-3.

13. Moran CJ, Klein C, Muise AM, Snapper SB. Very early-onset inflammatory
bowel disease: gaining insight through focused discovery. Inflamm Bowel
Dis. 2015;21(5):1166–75.

14. El-Asmar K, El-Shafei E, Abdel-Latif M, AbouZeid A, El-Behery M. Surgical
aspects of inflammatory bowel diseases in pediatric and adolescent age
groups. Int J Color Dis. 2016;31(2):301–5.

15. Stewart D. Surgical care of the pediatric Crohn's disease patient. Semin
Pediatr Surg. 2017;26(6):373–8.

16. Herzog D, Fournier N, Buehr P, Rueger V, Koller R, Heyland K, Nydegger A,
Braegger CP, Swiss IBDCSG. Prevalence of intestinal complications in
inflammatory bowel disease: a comparison between paediatric-onset and
adult-onset patients. Eur J Gastroenterol Hepatol. 2017;29(8):926–31.

17. Kelsen JR, Baldassano RN. The role of monogenic disease in children with
very early onset inflammatory bowel disease. Curr Opin Pediatr. 2017;29(5):
566–71.

18. Fahy AS, Potter DD, Ravi A, Reissis Y, Faubion WA, Tung J. Colectomy in
refractory Crohn's colitis improves nutrition and reduces steroid use. J
Pediatr Surg. 2017;52(11):1769–75.

19. Maxwell EC, Dawany N, Baldassano RN, Mamula P, Mattei P, Albenberg L,
Kelsen JR. Diverting ileostomy for the treatment of severe, refractory,
pediatric inflammatory bowel disease. J Pediatr Gastroenterol Nutr. 2017;
65(3):299–305.

20. Leeds IL, Truta B, Parian AM, Chen SY, Efron JE, Gearhart SL, Safar B, Fang
SH. Early surgical intervention for acute ulcerative colitis is associated with
improved postoperative outcomes. J Gastrointest Surg. 2017;21(10):1675–82.

21. Pigneur B, Escher J, Elawad M, Lima R, Buderus S, Kierkus J, Guariso G,
Canioni D, Lambot K, Talbotec C, et al. Phenotypic characterization of very
early-onset IBD due to mutations in the IL10, IL10 receptor alpha or beta
gene: a survey of the genius working group. Inflamm Bowel Dis. 2013;
19(13):2820–8.

22. Kotlarz D, Beier R, Murugan D, Diestelhorst J, Jensen O, Boztug K, Pfeifer D,
Kreipe H, Pfister ED, Baumann U, et al. Loss of interleukin-10 signaling and
infantile inflammatory bowel disease: implications for diagnosis and
therapy. Gastroenterology. 2012;143(2):347–55.

23. Ryan DP, Doody DP. Surgical options in the treatment of ulcerative colitis.
Semin Pediatr Surg. 2017;26(6):379–83.

24. Kantor N, Wayne C, Nasr A. What is the optimal surgical strategy for
complex perianal fistulous disease in pediatric Crohn's disease? A systematic
review. Pediatr Surg Int. 2017;33(5):551–7.

25. Fehmel E, Teague WJ, Simpson D, McLeod E, Hutson JM, Rosenbaum J,
Oliver M, Alex G, King SK. The burden of surgery and postoperative
complications in children with inflammatory bowel disease. J Pediatr Surg.
2018;53(12):2440–3.

26. Zalieckas JM. Treatment of perianal Crohn's disease. Semin Pediatr Surg.
2017;26(6):391–7.

27. Assa A, Rinawi F, Shamir R. The long-term predictive properties of the Paris
classification in Paediatric inflammatory bowel disease patients. J Crohns
Colitis. 2018;12(1):39–47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tang et al. BMC Gastroenterology            (2020) 20:8 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Classification of complications
	Nutritional evaluation
	Analysis

	Results
	Baseline characteristics of the patients who underwent enterostomy
	Characteristics at the time of first surgery
	Comparison of pre-operation and postoperation data
	Risk factors for enterostomy complications
	Follow-up

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

