
Published by Baishideng Publishing Group Inc

World Journal of 
Clinical Cases
World J Clin Cases  2018 December 26; 6(16): 1073-1222

ISSN 2307-8960 (online)



World Journal of
Clinical CasesW J C C

Contents Semimonthly  Volume 6  Number 16  December 26, 2018

IWJCC|https://www.wjgnet.com December 26, 2018|Volume 6|Issue 16|

               REVIEW
1073	 Biliary endoscopic sphincterotomy: Techniques and complications

Köksal AS, Eminler AT, Parlak E

               MINIREVIEWS
1087	 Radiation exposure during image-guided endoscopic procedures: The next quality indicator for endoscopic 

retrograde cholangiopancreatography

Hayashi S, Takenaka M, Hosono M, Nishida T

               ORIGINAL ARTICLE

                Case Control Study
1094	 Feasibility of laparoscopic total gastrectomy in overweight patients: Implications of less impact of 

overweight on laparoscopic versus open approach

Nakagawa M, Kojima K, Inokuchi M, Kobayashi K, Tanioka T, Okuno K, Gokita K

                Retrospective Study
1101	 Complications of newborn enterostomies

Wolf L, Gfroerer S, Fiegel H, Rolle U

1111	 Background factors influencing postgastrectomy syndromes after various types of gastrectomy

Kinami S, Takahashi M, Urushihara T, Ikeda M, Yoshida M, Uenosono Y, Oshio A, Suzukamo Y, Terashima M, 

Kodera Y,Nakada K

1121	 Safety of fecal microbiota transplantation in Chinese children: A single-center retrospective study

Zhang XY, Wang YZ, Li XL, Hu H, Liu HF, Li D, Xiao YM, Zhang T

                Observational Study
1128	 Mandatory meningococcal vaccine, and other recommended immunisations: Uptake, barriers, and 

facilitators among health care workers and trainees at Hajj

Badahdah AM, Alfelali M, Alqahtani AS, Alsharif S, Barasheed O, Rashid H; the Hajj Research Team

                Randomized Clinical Trial
1136	 Effect of clonidine on the cutaneous silent period during spinal anesthesia 

Graf Zupcic S, Zupcic M, Duzel V, Šimurina T, Milošević M, Basic S, Vuletic V, Kapural L



World Journal of
Clinical CasesW J C C

Contents Semimonthly  Volume 6  Number 16  December 26, 2018

IIWJCC|https://www.wjgnet.com December 26, 2018|Volume 6|Issue 16|

1146	 Safety of applying midazolam-ketamine-propofol sedation combination under the supervision of 

endoscopy nurse with patient-controlled analgesia pump in colonoscopy

Kayaaltı S, Kayaaltı Ö

               CASE REPORT
1155	 Renal aspergillosis in a liver transplant patient: A case report and review of literature

Smolovic B, Vukcevic B, Muhovic D, Ratkovic M

1160	 Ureteral double J stent displaced into vena cava and management with laparoscopy: A case report and 

review of the literature

Mao XW, Xu G, Xiao JQ, Wu HF

1164	 Combined silicosis and mixed dust pneumoconiosis with rapid progression: A case report and literature 

review

Yoon HY, Kim Y, Park HS, Kang CW, Ryu YJ

1169	 Spontaneous cerebral abscess due to Bacillus subtilis  in an immunocompetent male patient: A case 

report and review of literature

Tsonis I, Karamani L, Xaplanteri P, Kolonitsiou F, Zampakis P, Gatzounis G, Marangos M, Assimakopoulos SF

1175	 Post-appendectomy pelvic abscess with extended-spectrum beta-lactamase producing Escherichia coli : 

A case report and review of literature

Tse A, Cheluvappa R, Selvendran S

1182	 Gastric duplication cyst communicating to accessory pancreatic lobe: A case report and review of the 

literature

Rousek M, Kachlik D, Nikov A, Pintova J, Ryska M

1189	 Oxygen insufflation via  working channel in a fiberscope is a useful method: A case report and review of 

literature

Lee D, Baik J, Yun G, Kim E

1194	 Primary sebaceous carcinoma of lacrimal gland: A case report and review of literature

Park H, Choi SG



World Journal of
Clinical CasesW J C C

Contents Semimonthly  Volume 6  Number 16  December 26, 2018

IIIWJCC|https://www.wjgnet.com December 26, 2018|Volume 6|Issue 16|

1199	 Uncommon cause of voiding dysfunction in a female patient-vaginal abscess: A case report

Yeh CC, Yang SSD, Huang SC, Wang YC

1202	 Schwannoma originating from the recurrent laryngeal nerve in a thyroid cancer patient: A case report 

and review of the literature

Xu XQ, Hong T, Zheng CJ

1206	 Posaconazole-associated severe hyperbilirubinemia in acute myeloid leukemia following chemotherapy: 

A case report

Song ZW, Pan YC, Huang ZC, Liu WX, Zhao RS, Jing HM, Dong F

1210	 Chondromyxoid fibroma of the temporal bone: A case report and review of the literature

Zheng YM, Wang HX, Dong C

1217	 Duodenal variceal bleeding secondary to idiopathic portal hypertension treated with transjugular intra-

hepatic portosystemic shunt plus embolization: A case report

Xie BS, Zhong JW, Wang AJ, Zhang ZD, Zhu X, Guo GH



Contents
World Journal of Clinical Cases

Volume 6  Number 16  December 26, 2018

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li      	                Responsible Science Editor: Fang-Fang Ji 
Responsible Electronic Editor: Yun-XiaoJian Wu	              Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

World Journal of  Clinical Cases
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, 
Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

PUBLICATION DATE
December 26, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles 
published by this Open Access journal are distributed 
under the terms of  the Creative Commons Attribu-
tion Non-commercial License, which permits use, dis-
tribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non 
commercial and is otherwise in compliance with the 
license.

SPECIAL STATEMENT
All articles published in journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the views, 
opinions or policies of  the BPG, except where other-
wise explicitly indicated.

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION
https://www.f6publishing.com

IVWJCC|https://www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

Indexing/Abstracting

December 26, 2018|Volume 6|Issue 16|

NAME OF JOURNAL
World Journal of  Clinical Cases 

ISSN
ISSN 2307-8960 (online)

LAUNCH DATE
April 16, 2013

FREQUENCY
Semimonthly

EDITORS-IN-CHIEF
Sandro Vento, MD, Department of  Internal Medicine, 
University of  Botswana, Private Bag 00713, Gaborone, 
Botswana

EDITORIAL BOARD MEMBERS
All editorial board members resources online at https://
www.wjgnet.com/2307-8960/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

Editorial Board Member of World Journal of Clinical Cases , Consolato M Sergi, 
FRCP (C), MD, PhD, Professor, Department of Lab. Medicine and Pathology, 
University of Alberta, Edmonton T6G 2B7, AB, Canada

World Journal of  Clinical Cases (World J Clin Cases, WJCC, online ISSN 2307-8960, DOI: 
10.12998) is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

The primary task of  WJCC is to rapidly publish high-quality Autobiography, Case Re-
port, Clinical Case Conference (Clinicopathological Conference), Clinical Management, 
Diagnostic Advances, Editorial, Field of  Vision, Frontier, Medical Ethics, Original Ar-
ticles, Clinical Practice, Meta-Analysis, Minireviews, Review, Therapeutics Advances, and 
Topic Highlight, in the fields of  allergy, anesthesiology, cardiac medicine, clinical genetics, 
clinical neurology, critical care, dentistry, dermatology, emergency medicine, endocrinol-
ogy, family medicine, gastroenterology and hepatology, geriatrics and gerontology, he-
matology, immunology, infectious diseases, internal medicine, obstetrics and gynecology, 
oncology, ophthalmology, orthopedics, otolaryngology, pathology, pediatrics, peripheral 
vascular disease, psychiatry, radiology, rehabilitation, respiratory medicine, rheumatology, 
surgery, toxicology, transplantation, and urology and nephrology. 

	 World Journal of  Clinical Cases (WJCC) is now indexed in PubMed, PubMed Central, Science 
Citation Index Expanded (also known as SciSearch®), and Journal Citation Reports/Science 
Edition. The 2018 Edition of  Journal Citation Reports cites the 2017 impact factor for WJCC 
as 1.931 (5-year impact factor: N/A), ranking WJCC as 60 among 154 journals in Medicine, 
General and Internal (quartile in category Q2). 



Lea Wolf, Stefan Gfroerer, Henning Fiegel, Udo Rolle

ORIGINAL ARTICLE

1101 December 26, 2018|Volume 6|Issue 16|WJCC|https://www.wjgnet.com

Complications of newborn enterostomies

Lea Wolf, Stefan Gfroerer, Henning Fiegel, Udo Rolle, 
Department of Pediatric Surgery, University Hospital Frankfurt, 
Goethe-University Frankfurt am Main, Frankfurt 60590, 
Germany

ORCID number: Lea Wolf (0000-0002-5181-7382); Stefan 
Gfroerer (0000-0002-7273-6055); Henning Fiegel (0000-0001- 
5411-4335); Udo Rolle (0000-0002-1268-6092). 

Author contributions: All authors reviewed the manuscript 
and completed final approval; Wolf L acquired and analyzed the 
data, wrote the manuscript draft; Gfroerer S, Fiegel H and Rolle 
U contributed to study conception and design and made critical 
revision on the manuscript. 

Institutional review board statement: This study was reviewed 
and approved by the Ethics Committee of the University Hospital 
Frankfurt (310/17). 

Informed consent statement: Patients were not required to 
give informed consent to participate in the study because the 
analysis used anonymous clinical data that were obtained after 
each patient agreed to treatment by written consent. 

Conflicts of interest statement: All authors declare no conflicts 
of interest related to this article. 

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Corresponding author to: Udo Rolle, MD, PhD, Chief 
Doctor, Full Professor, Surgeon, Department of Pediatric 
Surgery, University Hospital Frankfurt, Goethe-University 
Frankfurt am Main, Theodor-Stern-Kai 7, Frankfurt 60590, 
Germany. udo.rolle@kgu.de
Telephone: +49-69-63016659
Fax: +49-69-63017936

Received: September 24, 2018 
Peer-review started: September 24, 2018
First decision: November 1, 2018
Revised: November 12, 2018
Accepted: November 14, 2018 
Article in press: November 15, 2018
Published online: December 26, 2018

Abstract
AIM
To evaluate the occurrence and severity of enterostomy 
complications in newborns suffering from different 
intestinal disorders.

METHODS
A 10-year retrospective cohort study (2008-2017) 
investigated newborns that underwent enterostomy 
formation and reversal for different intestinal disorders. 
Only infants less than 28 d old at the time of enterostomy 
creation were included in the study (corrected age 
was applied in the cases of preterm neonates). The 
patients were divided into two groups according to their 
underlying diseases. Group 1 included infants suffering 
from necrotizing enterocolitis (NEC), whereas Group 2 
included newborns diagnosed with intestinal disorders 
other than NEC, such as meconium obstruction, ano
rectal malformation, focal intestinal perforation, ileus, 
intestinal atresia and volvulus. The primary outcome 
measure was enterostomy-related morbidity. The data 
were analyzed statistically using Pearson’s χ 2 test or 
Fisher’s exact test for categorical variables and the 
Wilcoxon-Mann-Whitney U-Test for continuous variables. 

RESULTS
In total, 76 infants met the inclusion criteria and were 
evaluated for enterostomy-related complications. 
Neither group showed significant differences regarding 
gender, gestational age, weight at birth or weight at 
enterostomy formation. Infants suffering from NEC 
(Group 1) were significantly older at enterostomy for
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mation than the neonates of Group 2 [median (range), 
11 (2-75) d vs  4 (1-101) d, p  = 0.004)]. Significantly 
more ileostomies were created in Group 1 [47 (92.2%) 
vs  16 (64.0%), p = 0.007], whereas colostomies were 
performed significantly more often in Group 2 [2 (3.9%) 
vs  8 (32.0%), p  = 0.002]. The initiation of enteral 
nutrition after enterostomy was significantly later 
in Group 1 infants than in Group 2 infants [median 
(range), 5 (3-13) vs  3 (1-9), p  < 0.001]. The overall rate 
of one or more complications in patients of both groups 
after enterostomy formation was 80.3%, with rates of 
86.3% in Group 1 and 68.0% in Group 2 (p  = 0.073). 
Most patients suffered from two complications (23.7%). 
Four or more complications occurred in 21.6% of the 
infants in Group 1 and in 12.0% of the infants in Group 
2 (p  = 0.365). Following enterostomy closure, at least 
one complication was observed in 26.0% of the patients 
(30.6% in Group 1 and 16.7% in Group 2, p  = 0.321). 
The occurrence of complications was not significantly 
different between neonates with NEC and infants with 
other intestinal disorders. 48 (65.8%) patients required 
no treatment or only pharmacological treatment for the 
complications that occurred [Clavien-Dindo-Classification 
(CDC) < Ⅲ], while 25 (34.2%) required surgery to 
address the complications (CDC ≥ Ⅲ). Early reversal 
of the enterostomy was performed significantly more 
often (p  = 0.003) and the time to full enteral nutrition 
after closure was significantly longer [median (range), 7 
(3-87) d vs  12 (5-93) d, p  = 0.006] in infants with a CDC 
grading ≥ Ⅲ than in infants with a CDC grading < Ⅲ. 

CONCLUSION
Complications occur in almost all infants with ente
rostomies. The majority of these complications are 
minor and do not require surgical treatment. There is a 
clear trend that neonates with NEC have a higher risk 
for developing complications than those without NEC. 

Key words: Enterostomy closure; Enterostomy; Stoma; 
Necrotizing enterocolitis; Neonates; Complications; 
Enterostomy formation 

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Infants with intestinal disorders often require 
surgical treatment consisting of enterostomy creation. 
However, enterostomy formation as well as its reversal 
frequently seems to lead to complications. The aim of 
this study was to assess the frequency, severity and 
impact of enterostomy complications in infants. In 
our study population, 80.3% of the infants presented 
with at least one complication following enterostomy 
formation, and 26.0% presented with complications 
after enterostomy closure. In the majority of patients, 
there was no requirement for surgical intervention 
regarding those complications. Infants suffering from 
necrotizing enterocolitis have a higher risk for developing 
enterostomy complications than neonates suffering from 
other intestinal disorders. 
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INTRODUCTION
Enterostomy formation is performed in a variety of 
different intestinal conditions, such as necrotizing 
enterocolitis (NEC), meconium ileus (MI), anorectal 
malformation (ARM), focal intestinal perforation (FIP), 
intestinal atresia and volvulus. A debate on whether 
enterostomy formation should be the standard treatment 
for infants with acute abdominal surgical disease or 
whether primary anastomosis is more feasible in selected 
cases is ongoing[1-4]. Enterostomy is considered an 
appropriate option for children with NEC when surgical 
treatment is needed[5-9]. However, the formation and 
closure of enterostomies is associated with a notable 
morbidity[4,6,10-16]. Reported complication rates are as 
high as 68% in neonates with necrotizing enterocolitis[6]. 
Gastrointestinal disorders other than NEC may also 
make enterostomy formation necessary. Here, the 
related complications are observed just as often[12-15]. 
The frequent complications associated with enterostomy 
formation are prolapse, retraction, stenosis or necrosis 
of the stoma, parastomal hernia and breakdown of the 
skin[11-13,15]. After enterostomy closure, complications 
such as anastomotic leakage and bowel obstruction 
might occur[12-14,17]. Enterostomy can further prolong 
the need for parenteral nutrition, and in cases of high-
output enterostomies, can make sufficient growth of 
the neonate more difficult[12,13,18]. Because the observed 
complications seem to vary in severity, a differentiated 
consideration of enterostomy formation is necessary. The 
question arises as to when and for whom enterostomy 
formation should be deemed the right treatment. 
Whether neonates with NEC, a life threating disease with 
mortality rates ranging up to 30%[6,19,20], have a higher 
risk for developing enterostomy-related complications 
than children with other intestinal disorders must be 
examined. In this study, we investigated the occurr
ence and severity of complications after enterostomy 
formation and its reversal. 

MATERIALS AND METHODS
Patients 
We performed a retrospective study of all infants who 
underwent enterostomy formation and reversal between 
the years 2008 to 2017 at our institution. Only infants 
under the age of 28 d at the time of enterostomy 
formation were included in the study (corrected age was 
applied for premature newborns). Information regarding 
demographic data, diagnosis, comorbidities, stoma 
localization, nutrition, complications after formation 
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Table 1  Primary disease

and reversal as well as reoperations was evaluated. 
The study population was additionally divided into two 
groups. The categorization of the neonates was made 
according to the underlying disease. Group 1 included 
all the infants suffering from NEC, whereas Group 2 
included all newborns with other intestinal diseases 
(meconium ileus, anorectal malformation, focal intestinal 
perforation, ileus, intestinal atresia and volvulus). To 
examine the severity of the occurring complications, we 
applied the Clavien-Dindo-Classification, which allows the 
ranking of surgical complications. The primary outcome 
measure was enterostomy-related morbidity. Formation 
and closure were examined separately for complications 
of the stoma and the need for reoperation. All patients 
were operated on by senior pediatric surgeons (co-
authors) using a standardized surgical technique.

This study was reviewed and approved by the Ethics 
Committee of the University Hospital Frankfurt (310/17).

Statistical analysis 
All statistical analyses were performed using BiAS 
11.09 (Frankfurt, Germany) software. Continuous 
variables are described with median values and ranges. 
Categorical variables are presented as frequency and 
percentages. Pearson’s χ 2 test or Fisher’s exact test 
was applied for comparisons of categorical variables, 
and the Wilcoxon-Mann-Whitney U-Test was applied for 
analyses of continuous data. Only p-values < 0.05 were 
considered statistically significant.

RESULTS 
Study population
A total of 82 patients were eligible for the study, but 
6 patients had to be excluded due to having incomplete 
charts or transfer to another hospital and being lost 
for follow-up. Therefore, 76 patients were included in 
the study population (Table 1). Of these patients, 51 
(67.1%) suffered from NEC (Group 1). The remaining 
25 patients (32.9%) were diagnosed and treated for 
other intestinal disorders (Group 2). Here, 8 infants 
suffered from meconium ileus as a result of cystic 
fibrosis (CF), and 2 suffered from meconium ileus wi
thout CF. Furthermore, 7 newborns were diagnosed 

with ARM, 3 were diagnosed with FIP, 2 were diagnosed 
with ileus of unknown origin and 2 were diagnosed with 
intestinal atresia. One patient suffered from volvulus. 
In the overall population, the median gestational age 
was 27 (range, 22-41) wk (Table 2). In total, 86.8% 
of the infants were born prematurely. The median 
infant weight at birth was 840 (range, 430-3400) g. 
At enterostomy formation, the median age was 9.5 
(range, 1-101) d, and the median weight was 1025 
(range, 450-3780) g. Comparing the populations 
of Group 1 and Group 2, there were no significant 
differences in gender, gestational age, birth weight 
or number of preterm infants (Table 2). Most of the 
infant comorbidities also did not significantly differ 
between the two groups. Only the number of congenital 
malformations was significantly higher (p = 0.002) 
in Group 2. Regarding enterostomy formation, there 
was no significant difference in weight, with medians 
of 1010 (range, 450-3780) g in Group 1 and 1310 
(range, 480-3360) g in Group 2 (p = 0.373), but the 
age at formation was significantly lower in Group 2 (p 
= 0.004). The median here was 11 (range, 2-75) d 
in Group 1 compared to 4 (range, 1-101) d in Group 
2. Overall, 3 (3.9%) patients died in the time after 
enterostomy formation. Two infants suffering from 
NEC died of cardiopulmonary failure due to severe 
sepsis, and one patient with intestinal atresia suffered 
from cardiovascular failure as part of a severe septic 
shock with polyserositis and multiple organ failure. The 
number of deceased patients did not significantly differ 
between the two groups. These patients were excluded 
from the subsequent evaluation.

Enterostomy formation
There were 3 (3.9%) jejunostomies, 63 (82.9%) 
ileostomies and 10 (13.2%) colostomies performed 
(Table 3). The number of ileostomy formations was 
significantly higher (p = 0.007) in children diagnosed 
with NEC than in infants suffering from other intestinal 
diseases. Colostomies were created significantly (p = 
0.002) more often in neonates of Group 2. 

There was no difference in the duration of the 
stoma between groups, with a median of 12.5 (range, 
0-90) wk in the overall population. After enterostomy 
formation, the initiation of enteral nutrition was possible 
after a median of 4 (range, 1-13) d concerning the 
overall population. Enteral nutrition began significantly 
(p < 0.001) earlier in Group 2 than in Group 1, with 
medians of 3 (range, 1-9) d and 5 (range, 3-13) d 
until onset, respectively. In total, 21.1% (15/71) of the 
infants required parenteral nutrition (PN) until closure, 
and 78.9% (56/71) were on full enteral nutrition prior 
to reversal with a median of 24.5 (range, 6-209) d until 
the end of PN. The three deceased patients as well 
as two neonates with incomplete case files regarding 
nutrition were excluded from this evaluation. Stool 
via enterostomy was noted at a median of 4 (range, 
2-27) d after formation. No significant differences in 

n  (%)

Group 1 NEC 51 (67.1)
Group 2 Other gastrointestinal disorders 25 (32.9)

  MI with CF   8 (10.5)
  MI without CF 2 (2.6)

  ARM 7 (9.2)
  FIP 3 (3.9)

  Ileus of unknown origin 2 (2.6)
  Intestinal atresia 2 (2.6)

  Volvulus 1 (1.3)

NEC: Necrotizing enterocolitis; MI: Meconium ileus; CF: Cystic fibrosis.

Wolf L et al . Complications of newborn enterostomies
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the requirement for PN, the time to full enteral nutrition 
or the days until stool via enterostomy were observed 
between Groups 1 and 2. 

Complications of enterostomy formation 
Out of the 76 patients forming the study population, 62 
suffered from at least one stoma complication (Table 
4), resulting in a complication rate of 80.3% concer
ning creation of the enterostomy. In all, 44 neonates 
(86.3%) in Group 1 and 17 neonates (68.0%) in Group 
2 had at least one enterostomy-related complication. 
The difference in the rate of complications between 
children with NEC and those with other intestinal 
disorders did not reach statistical significance (p = 
0.073). The most common complication in both groups 
was skin excoriation, with 37 patients (48.7%) in the 
overall population being affected. Wound bleeding 
(30 cases, 39.5%) and prolapse (29 cases, 38.2%) 
occurred second most often. The days to onset of 
these complications are displayed in Table 5. The 
three most common complications did occur earlier in 
children suffering from NEC, but this observation was 
not significant (p = 0.098; p = 0.790; p = 0.901). 
Additionally, the following complications were observed: 
blistering of the skin (1), wound discharge (15), wound 
dehiscence (1), insufficient circulation of enterostomy 

(17), enterostomy necrosis (4), mechanical ileus (8), 
prestomal stenosis (10), parastomal hernia (1) and 
perforation (1). Finally, there was one case of abdominal 
compartment syndrome following formation surgery. 
Comparing Groups 1 and 2, no significant differences 
in the occurrence of enterostomy-related complications 
were observed. In total, 15 infants (19.7%) did not 
present any complications after enterostomy formation 
(Table 6), including 7 neonates (13.7%) in Group 1 and 
8 neonates (32.0%) in Group 2 (p = 0.073). 21.1% of 
the newborns suffered from one complication. However, 
in most children, a total of two complications occurred 
(23.7%). Furthermore, 17.1% of the neonates suffered 
from three complications, while 13.2% suffered from 
four complications, and 3.9% suffered from five 
complications. A maximum of 7 complications occurred 
in one patient (1 case = 1.3%). Of the neonates in 
Group 1, 21.6% suffered from 4 or more complications, 
as opposed to 12.0% of the infants in Group 2 suffering 
from at least 4 complications (p = 0.365). Furthermore, 
16 patients (21.9%) failed to thrive under enterostomy, 
including 10 in Group 1 (20.4%) and 6 (25%) in Group 
2 (Table 4). At least one reoperation was necessary in 
9 patients (11.8%), with mechanical ileus being the 
main indication for reoperation (Table 4). No significant 
difference regarding reoperation was found between 

Table 2  Comparison of group populations n  (%)

Overall population Group 1 Group 2 P -value

n (%) 76 (100) 51 (67.1) 25 (32.9)
Female 42 (55.3) 29 (56.9) 13 (52.0) 0.877
Gestational age (wk) 27 (22-41) 27 (23-38)  28 (22-41) 0.637
Preterm infants 66 (86.8) 46 (90.2) 20 (80.0) 0.282
Weight at birth (g) 840 (430-3400) 850 (490-3370) 825 (430-3400) 0.709
Deceased patients 3 (3.9) 2 (3.9) 1 (4.0) 1
Comorbidities 
   Cardiovascular system insufficiency 23 (30.3) 19 (37.3) 4 (16.0) 0.103
   Bronchopulmonary dysplasia 17 (22.4) 13 (25.5) 4 (16.0) 0.522
   Respiratory insufficiency 54 (71.1) 39 (76.5) 15 (60.0) 0.223
   Recurrent sepsis 13 (17.1) 8 (15.7) 5 (20.0) 0.885
   Septic shock 9 (11.8) 8 (15.7) 1 (4.0) 0.257
   Congenital malformations 12 (15.8) 3 (5.9) 9 (36.0) 0.002
Age at enterostomy formation (d) 9.5 (1-101) 11 (2-75) 4 (1-101) 0.004
Weight at enterostomy formation (g) 1025 (450-3780) 1010 (450-3780) 1310 (480-3360) 0.373

Table 3  Enterostomy formation n  (%)

Overall population Group 1 Group 2 P -value

Enterostomy location
  Jejunostomy 3 (3.9) 2 (3.9) 1 (4.0) 1
  Ileostomy 63 (82.9) 47 (92.2) 16 (64.0) 0.007
  Colostomy 10 (13.2) 2 (3.9) 8 (32.0) 0.002
Stoma duration (wk) 12.5 (0-90) 12 (0-35) 14 (1-90) 0.468
Days until initiation of enteral nutrition 4 (1-13) 5 (3-13) 3 (1-9) < 0.001
Requiring PN until closure 15 (21.1) 9 (18.8) 6 (26.1) 0.541
Full enteral nutrition prior to reversal 56 (78.9) 39 (81.3) 17 (73.9) 0.541
Days until full enteral nutrition 24.5 (6-209) 22 (6-87) 29 (8-209) 0.288
Days until stool via enterostomy 4 (2-27) 4 (2-14) 5 (2-27) 0.918

PN: Parenteral nutrition.
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the two population groups. 
As all newborns were operated on by senior surge

ons, there were no differences in experience regarding 
the treatment. No correlation of enterostomy related 
complications to the surgeon’s experience could there
fore be observed.

Enterostomy closure 
In 28 patients (38.4%), an early reversal of the en
terostomy was required (Table 7). The most common 
indication was failure to thrive under enterostomy (12). 
Furthermore, prolapse (7), stenosis (5), necrosis of 
enterostomy (1) and parastomal hernia (1) led to early 
stoma reversal. There were no significant differences 

regarding early closure between the children of Group 
1 and those of Group 2. The start of enteral nutrition 
was achieved at a median of 2 (range, 1-18) days 
after enterostomy closure, and full enteral nutrition 
was possible at a median of 8 (range, 3-39) d. After 
a median of 3 (range, 1-13) d, rectal stool could be 
observed. These data did not vary significantly between 
infants suffering from NEC (Group 1) and those 
diagnosed with other intestinal disorders (Group 2). 

Complications of enterostomy closure 
In the overall population, the complication rate after 
closure was 26% (Table 8). In total, 15 neonates 
(30.6%) in Group 1 and 4 neonates (16.7%) in Group 
2 suffered from at least one complication following 
reversal (p = 0.321). The complication that was 
seen most often after reversal was mechanical ileus, 
affecting 8 subjects (11%) in the overall population. 
Furthermore, cases of general postoperative infection 
(4), wound infection (3), subcutaneous hematoma 
(1) and seroma of the laparotomy wound (1) were 
observed in infants of Group 1. Anastomotic leakage 
occurred in 2 patients and affected only neonates 
suffering from NEC (Group 1). One patient suffered a 
wound dehiscence with intestinal prolapse after surgery 
for enterostomy closure. There was no significance 
between the occurrence of a complication after reversal 
and the group of the affected newborn. At least one 

Table 4  Complications of enterostomy formation n  (%)

Overall population Group 1 Group 2 P -value 

Patients with ≥ 1 complication 62 (80.3) 44 (86.3) 17 (68.0) 0.073
Complications 152 110 42
   Skin excoriation 37 (48.7) 27 (52.9) 10 (40.0) 0.414
   Blister 1 (1.3) 1 (2.0) 0 (0.0) 1
   Wound discharge 15 (19.7) 12 (23.5) 3 (12.0) 0.359
   Wound bleeding 30 (39.5) 21 (41.2) 9 (36.0) 0.854
   Prolapse 29 (38.2) 22 (43.1) 7 (28.0) 0.305
   Wound dehiscence 1 (1.3) 0 (0.0) 1 (4.0) 0.329
   Insufficient circulation of enterostomy 17 (22.4) 10 (19.6) 7 (28.0) 0.595
   Necrosis of enterostomy 4 (5.3) 4 (7.8) 0 (0.0) 0.296
   Mechanical ileus 8 (10.5) 4 (7.8) 4 (16.0) 0.388
   Parastomal hernia 1 (1.3) 1 (2.0) 0 (0.0) 1
   Prestomal obstruction/stenosis 10 (13.2) 8 (15.7) 2 (8.0) 0.482
   Perforation 1 (1.3) 1 (2.0) 0 (0.0) 1
   Abdominal compartment syndrome 1 (1.3) 1 (2.0) 0 (0.0) 1
Failure to thrive under enterostomy 16 (21.9) 10 (20.4) 6 (25.0) 0.885
Patients with ≥ 1 reoperation 9 (11.8) 6 (11.8) 3 (12.0) 1
   Mechanical ileus 7 (9.2) 3 (5.9) 4 (16.0) 0.069
   Insufficient improvement of health 3 (3.9) 3 (5.9) 0 (0.0) 0.505
   Abdominal compartment syndrome 1 (1.3) 1 (2.0) 0 (0.0) 1
   Intestinal perforation 2 (2.6) 2 (3.9) 0 (0.0) 1
   Colon necrosis 1 (1.3) 1 (2.0) 0 (0.0) 1

Table 5  Onset of most common enterostomy complications

Overall population Group 1 Group 2 P -value

Skin excoriation    27 (6-143) 26 (6-103)  31.5 (10-143)   0.098
Wound bleeding 12.5 (2-128) 11 (2-128) 14 (2-71) 0.79
Prolapse    57 (5-165) 60.5 (5-165)   52 (5-119)   0.901

Table 6  Number of enterostomy formation-related 
complications in one patient n  (%)

Overall population Group 1 Group 2 P -value

None 15 (19.7) 7 (13.7) 8 (32.0) 0.073
1 16 (21.1) 12 (23.5) 4 (16.0) 0.648
2 18 (23.7) 13 (25.5) 5 (20.0) 0.809
3 13 (17.1) 8 (15.7) 5 (20.0) 0.748
4 10 (13.2) 8 (15.7) 2 (8.0) 0.482
5 3 (3.9) 2 (3.9) 1 (4.0) 1
6 0 (0.0) 0 (0.0) 0 (0.0)
7 1 (1.3) 1 (2.0) 0 (0.0) 1
≥ 4 14 (18.4) 11 (21.6) 3 (12.0) 0.365
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reoperation after closure was necessary in 10 (13.7%) 
patients, with mechanical ileus being the most common 
indication. Between Groups 1 and 2, the rates and 
causes of reoperation did not differ significantly. 

Clavien-Dindo-classification 
In applying the Clavien-Dindo-Classification (CDC) 
for surgical complications, a total of 31 (42.5%) 
patients were identified as Grade Ⅰ (Table 9). A grade 
of Ⅰ indicated that the surgical complication was minor, 
and no pharmacological or surgical intervention was 
therefore necessary. Treatment with pharmacological 
agents, such as antibiotics (CDC Grade Ⅱ), was needed 
in 6 (8.2%) cases. Grade Ⅲ can be divided into Ⅲa 
(surgical intervention under local anesthesia) and Ⅲ
b (surgical intervention under general anesthesia). No 
children were classified as Ⅲa, but 14 children (19.2%) 
were classified as Ⅲb. In all, 11 (15.1%) infants 
suffered from a life-threating complication of one organ 

(CDC Grade Ⅳa). None of the children were classified 
as grade Ⅳb (life-threatening complication concerning 
multiple organ systems) or Grade Ⅴ (death). There 
were no significant differences between the underlying 
diseases of the neonates (group) and their CDC grade. 
In all, 48 (65.8%) infants had a CDC grading < Ⅲ, and 
25 (34.2%) had a grading ≥ Ⅲ (Table 10). Comparing 
neonates with a CDC grade < Ⅲ who did not require 
surgical treatment to infants with a CDC grade ≥ Ⅲ
who did, infants with a CDC grade ≥ Ⅲ required early 
reversal of the enterostomy significantly more often 
(25.0% vs 64.0%; p = 0.003). Furthermore, children 
with a high CDC grade (≥ Ⅲ) required a significantly 
longer amount of time to reach full enteral feeding than 
those with a grade < Ⅲ, with medians of 12 (range, 
5-93) d and 7 (range, 3-87) d, respectively (p = 0.006). 
None of the other data showed significant differences 
in regard to CDC grading. 

Effect of complications on the clinical course
To assess any relationship between a specific comp
lication and its consequences on the affected neonate, 
we further examined the complications in regard to 
the reoperation rate, CDC grading and need for early 
reversal (Table 11). The occurrence of a mechanical 
ileus following enterostomy formation showed a 
significant correlation with the need for reoperation 
and a higher CDC grade (p ≤ 0.001; p = 0.001). 
Prestomal obstruction of the intestines was also signi
ficantly associated with a CDC grade ≥ Ⅲ (p = 0.028). 

Table 7  Enterostomy closure n  (%)

Overall population Group 1 Group 2 P -value

Early reversal necessary 28 (38.4) 19 (38.8) 9 (37.5) 1
   Failure to thrive under enterostomy 12 (16.4) 7 (14.3) 5 (20.8) 0.432
   Prolapse 7 (9.6) 4 (8.2) 3 (12.5) 0.646
   Stenosis of enterostomy 4 (5.5) 3 (6.1) 1 (4.2) 1
   Necrosis of enterostomy 1 (1.4) 1 (2.0) 0 (0.0) 1
   Parastomal hernia 1 (1.4) 1 (2.0) 0 (0.0) 1
   As part of a not enterostomy-related surgery 3 (4.1) 3 (6.1) 0 (0.0) 0.53
Days until initiation of enteral nutrition 2 (1-18) 2 (1-18) 2 (1-6) 0.151
Days until full enteral nutrition 8 (3-93) 8 (3-93) 7 (4-41) 0.966
Days to rectal stool 3 (1-13) 3 (1-12) 3 (2-13) 0.732

Table 8  Complications of enterostomy closure n  (%)

Overall population Group 1 Group 2 P -value

Patients with ≥ 1 complication 19 (26.0) 15 (30.6) 4 (16.7) 0.321
   Mechanical ileus 8 (11.0) 4 (8.2) 4 (16.2) 0.426
   Subcutaneous hematoma 1 (1.4) 1 (2.0) 0 (0.0) 1
   Wound dehiscence with intestinal prolapse 1 (1.4) 0 (0.0) 1 (4.2) 0.329
   Wound infection 3 (4.1) 3 (6.1) 0 (0.0) 0.546
   Postoperative infection 4 (5.5) 4 (8.2) 0 (0.0) 0.299
   Seroma of laparotomy wound 1 (1.4) 1 (2.0) 0 (0.0) 1
   Anastomotic leakage 2 (2.7) 2 (4.1) 0 (0.0) 1
Patients with ≥ 1 reoperation 10 (13.7) 6 (12.2) 4 (16.7) 0.72
   Mechanical ileus 8 (11.0) 4 (8.2) 4 (16.7) 1
   Wound dehiscence with intestinal prolapse 1 (1.4) 0 (0.0) 1 (4.2) 0.455
   Anastomotic leakage 2 (2.7) 2 (4.1) 0 (0.0) 0.455

Table 9  Clavien-Dindo-Classification n  (%)

Overall population Group 1 Group 2 P -value

Ⅰ 31 (42.5) 23 (46.9)   8 (33.3) 0.399
Ⅱ 6 (8.2)   6 (12.2) 0 (0.0) 0.169
Ⅲa 0 (0.0) 0 (0.0) 0 (0.0)
Ⅲb 14 (19.2)   9 (18.4)   5 (20.8) 1
Ⅳa 11 (15.1)   6 (12.2)   5 (20.8) 0.489
Ⅳb 0 (0.0) 0 (0.0) 0 (0.0)
Ⅴ 0 (0.0) 0 (0.0) 0 (0.0)
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Table 11  Effect of complications on clinical course

Furthermore, infants suffering from failure to thrive 
under enterostomy underwent early reversal significantly 
more often than those who did not (p < 0.001). None of 
the other complications occurring after formation showed 
a significant association with reoperation, a CDC grade 
≥ Ⅲ or early reversal. Among the complications related 
to enterostomy closure, patients with a mechanical ileus 
were significantly more likely to undergo reoperation 
(p < 0.001) and receive a higher CDC grade than 
those without a mechanical ileus (p = 0.002). Finally, 
anastomotic leakage showed a significant correlation 
with reoperation (p = 0.014). None of the other closure-
related complications had any significant impact on the 
clinical course of the affected infant. 

DISCUSSION
The purpose of this retrospective study was to evaluate 
the occurrence of enterostomy-related complications in 
neonates suffering from different intestinal disorders. 
We investigated the frequency and severity of comp
lications after formation as well as after closure. 
Furthermore, the possible impacts of complications 
on the clinical course of the affected infants were 
evaluated. After enterostomy formation, a complication 
rate as high as 80.3% was observed in the overall 
study population, with a total of 62 infants suffering 
from at least one enterostomy related complication. In 
most cases, more than one complication occurred, and 

Table 10  Associations with the occurrence of severe enterostomy-related complications

CDC < Ⅲ CDC ≥ Ⅲ P -value

n (%) 48 (65.8) 25 (34.2)
Gestational age (wk) 27 (23-38) 26 (22-41) 0.931
Birth weight (g) 867.5 (430-3370) 812 (460-3400) 0.591
Preterm infants 43 (89.6) 21 (84.0) 0.481
Age at enterostomy formation 9 (1-75) 16 (1-101) 0.159
Weight at enterostomy formation 1005 (480-3780) 1600 (450-3360) 0.699
Days until initiation of enteral nutrition after formation 4 (1-13) 4 (1-9) 0.29
Patients requiring PN until reversal 7 (14.6) 8 (32.0) 0.135
Days until full enteral nutrition after formation 24.5 (6-87) 25 (10-209) 0.634
Days until stool via enterostomy (wk) 4 (2-12) 5 (2-27) 0.487
Duration of enterostomy (wk) 13 (0-90) 12 (0-58) 0.682
Early reversal necessary 12 (25.0) 16 (64.0) 0.003
Days until initiation of enteral nutrition after reversal 2 (1-8) 2 (1-18) 0.389
Days until full enteral nutrition after reversal 7 (3-87) 12 (5-93) 0.006
Days to rectal stool 3 (1-12) 4 (1-13) 0.645

PN: Parenteral nutrition; CDC: Clavien-Dindo-Classification.

Reoperation CDC ≥ Ⅲ Early reversal 

Formation
   Skin excoriation 0.736 1 0.882
   Blister 0.12 0.342 1
   Wound discharge 1 1 1
   Wound bleeding 1 0.759 0.498
   Prolapse 1 0.774 1
   Wound dehiscence 1 1 1
   Insufficient circulation of enterostomy 0.205 0.99 0.577
   Necrosis of enterostomy 0.068 0.269 0.052
   Mechanical ileus < 0.001 0.001 1
   Parastomal hernia 0.12 0.342 0.384
   Obstruction/stenosis 0.094 0.026 0.492
   Perforation 0.12 1 1
   Abdominal compartment syndrome 0.12 0.342 0.384
   Failure to thrive under enterostomy 0.676 0.99 < 0.001
Reversal
   Mechanical ileus < 0.001 < 0.001
   Subcutaneous hematoma 1 1
   Wound dehiscence with intestinal prolapse 0.137 0.342
   Wound infection 0.362 0.269
   Postoperative infection 1 1
   Seroma of laparotomy wound 1 1
   Anastomotic leakage 0.014 0.108

CDC: Clavien-Dindo-Classification.
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sometimes, even three, four or five complications were 
observed in one patient. Previous studies also found 
enterostomy complications after formation to be fairly 
frequent, with reported rates varying between 34% and 
66%[4,12,13,15-17]. The number of complications present in 
one infant is rarely reported[6]. If mentioned, the rates 
varied between 1 and a maximum of 4 complications 
per patient[12,13]. In our study, the most common comp
lication after formation was skin excoriation, which 
occurred in almost half of all the neonates. Other authors 
either did not include skin excoriation in their evaluation 
of complications or observed lower rates[11,13,15,17]. Why 
our complication rates after formation were higher than 
those described by other authors might be explained by 
the inclusion of complications, such as skin excoriation 
and insufficient circulation of the enterostomy. These 
rather minor events might often be overlooked in a case 
record review, but because they affect so many infants, 
we found it essential to not dismiss them. Regarding 
closure of the enterostomy, there is an ongoing debate 
on whether early or late reversal lead to more comp
lications. A number of authors have explored this 
question of optimal timing for enterostomy closure, but 
there is still no consensus regarding the topic[12-14,21-24]. 
In our study, stoma closure was performed at a median 
of 12.5 weeks and 26.0% of all infants suffered from 
a complication following the reversal. This result is 
comparable to findings of other studies reporting rates 
between 10% and 32.6%[1,13,14,17]. Only Lee et al[12] 
reported a complication rate as high as 64.8% after 
enterostomy closure. 

The severity of those enterostomy-related compli
cations has not been evaluated in detail. Therefore, we 
applied the Clavien-Dindo-Classification grading system. 
By means of this classification, we discovered that 
most enterostomy-related complications were indeed 
minor, with 42.5% of the patients with complications 
not requiring any treatment (CDC Grade Ⅰ) or only 
pharmacological intervention (8.2% with CDC Grade Ⅱ). 
This classification system also revealed that in 34.2% 
of all neonates, a surgical procedure was required to 
address the sometimes life-threating complications 
(CDC ≥ Ⅲ). Neonates with a CDC grade ≥ Ⅲ needed 
to undergo early reversal significantly more often and 
took a significantly longer amount of time to reach full 
enteral nutrition, demonstrating that infants are certainly 
impacted by more severe complications concerning their 
clinical course. 

The complication leading to reoperation most often 
was a mechanical ileus. A significant association with a 
CDC grade ≥ Ⅲ was furthermore observed. However, 
this complication must be evaluated fairly critically, as it 
is not entirely clear whether its occurrence can be traced 
back to the enterostomy formation itself or is rather 
a result of the primary disease and previous surgical 
procedures. Apart from that, anastomotic leakage 
also showed a significant association with reoperation. 
Prestomal obstruction had a significant relationship with 
CDC grades ≥ Ⅲ. All the other enterostomy-related 

complications, ranging from skin excoriation to necrosis 
and parastomal hernia, had no significant effects on 
the clinical course of the neonates. Interestingly, the 
occurrence of enterostomy prolapse, a very common 
complication[6,10-12,15,17], did not show a significant 
correlation with reoperation, the CDC grade, or early 
reversal. Therefore, even though stoma prolapse can 
sometimes make early reversal necessary (7 cases in 
our study), most infants are able to thrive despite it, 
and neither reoperation nor reversal is necessary.

Overall, one could argue that stomal complications 
are very common and only of benign nature in most 
cases. However, if more major complications arise, they 
may affect the neonate regarding nutrition and the 
need for reoperation or early reversal. 

Additionally, our aim was to determine whether 
enterostomy formation should be the standard for all 
infants with intestinal diseases or whether, in some 
cases, an alternative treatment should be explored first 
to avoid possible complications. Thus far, enterostomy 
formation has not been proven to be the best option for 
neonates with intestinal diseases. Hall et al[1] showed 
that primary anastomosis is also a valid option for 
children with NEC, as they reported that no occurrences 
of anastomotic leakage or strictures were observed 
following the procedure. Harberg et al[2] also found 
primary anastomosis to be suitable for most cases and 
Hofman et al[3] even argued that primary anastomosis 
might be superior to enterostomy after resection, as 
those children had a significantly shorter hospital stay. 
Furthermore Griffiths et al[4] found the complication 
rate after anastomosis to be much lower than after 
enterostomy formation (60% vs 17%, respectively). 

To determine whether primary disease has any 
effect on enterostomy-related complications, we 
categorized our study population according to their 
diagnosis. The two groups (NEC vs other intestinal 
disorders) had similar starting points and did not differ 
significantly in gender, gestational age, weight at birth, 
most comorbidities or weight at enterostomy formation. 
There were only two significant differences. First, there 
was a higher number of neonates with congenital 
malformations in Group 2, which can be easily traced 
back to the number of infants suffering from ARM in 
the second group. Second, enterostomy was created 
later than in newborns with NEC than in those of the 
other cohort. This delay can be explained by the nature 
of some intestinal diseases, such as ARM and intestinal 
atresia, being congenital and requiring urgent treatment 
right after birth, whereas the median age of necrotizing 
enterocolitis onset is reported to be 12 d, thereby 
allowing surgical treatment to come into play later[25].

The fact that the two cohorts were very similar 
allowed us to evaluate the occurrence of complications 
without considering other factors, such as gestational 
age, birth weight, and weight and age at enterostomy 
formation. In particular, a number of studies have 
already examined the impacts of those parameters and 
reported significant associations of low birth weight, 
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young gestational age, low weight at enterostomy 
formation and closure with the occurrence of 
complications[6,11,12]. The similarity of the cohorts enabled 
us to focus mainly on the relationship between the 
primary disease and complication development. Thus 
far, authors have only reported that no correlation 
exists between primary disease and enterostomy 
complications[13,15,17]. However, as infants diagnosed 
with NEC suffer from a systemic disease in which their 
intestines are generally inflamed and vulnerable, we 
herein suspected that those undergoing enterostomy 
would be more prone to complications. In infants with 
other intestinal diseases, such as atresia, ileus, volvulus 
and ARM, the overall state of their intestines and their 
integrity is not as compromised simply due to the 
physiological backgrounds of these conditions. 

Even though we could not show a statistically 
significant relationship between the occurrence of 
enterostomy complications and the underlying pathology, 
we did identify a trend in the evaluated data. Some 
results could in fact indicate that neonates suffering 
from NEC are slightly more at risk for developing 
enterostomy-related complications. We made this 
assumption due to several findings. First of all, the 
complication rate following formation was higher in 
newborns with NEC than in infants with other intestinal 
diseases (86.3% vs 68.0%, respectively), although this 
difference was not statistically significant (p = 0.073). 
The onsets of the three most common complications, 
skin excoriation (p = 0.098), wound bleeding (p = 0.790) 
and prolapse (p = 0.901), were observed earlier in 
neonates with NEC, which again supports our hypothesis 
that the intestines of these infants were simply more 
susceptible to irritations. Additionally, neonates of Group 
1 frequently suffered from four or more complications 
(21.6%), whereas most infants in Group 2 suffered from 
only two or three enterostomy-related complications and 
rarely suffered from four or more (12.0%) (p = 0.365). 
Group 2, however, had a higher rate of newborns with 
no occurrence of stomal complications after formation 
(32.0% vs 13.7% in Group 1; p = 0.073). Finally, 
more neonates had complications after enterostomy 
closure in Group 1 (30.6%) than in Group 2 (16.7%) 
(p = 0.321). Together, these findings do suggest that 
because their bowel integrity is very low, infants with 
NEC are just slightly more prone to enterostomy-related 
complications than those without NEC. 

In conclusion, enterostomy treatment is associated 
with a high frequency of minor complications and only 
a few major complications. The major complications do 
have an impact on the infant’s clinical course and lead to 
prolonged parenteral nutrition or a need for reoperation 
and early reversal. However, in the majority of cases, 
infants do not need to undergo surgical treatment 
to address the enterostomy-related complications. 
Neonates suffering from NEC have a higher risk for 
developing enterostomy complications than those 
without NEC. 

ARTICLE HIGHLIGHTS
Research background
Infants with intestinal disorders often require surgical treatment consisting 
of enterostomy creation. However, enterostomy formation as well as its 
reversal frequently seem to lead to complications. Past studies have reported 
complication rates as high as 68% following enterostomy formation. Reported 
rates after enterostomy reversal are similarly high with up to 64.8% of neonates 
affected. Possible complications of the enterostomy range from skin excoriation 
and prolapse to enterostomy necrosis or mechanical ileus. 

Research motivation 
In some cases of patients with enterostomy-related complications further 
medical treatment or even reoperations can be necessary. Furthermore the 
nutrition and therefore growth of the infant can be impacted by occurring 
complications. This poses the question whether enterostomy formation is an 
appropriate surgical treatment for newborns with intestinal disorders. It also has 
to be evaluated for whom enterostomy formation should be deemed the right 
treatment. 

Research objectives
The aim of this study was to assess the frequency, severity and impact of 
enterostomy complications in infants. We furthermore wanted to examine 
whether neonates with necrotizing enterocolitis (NEC), a life threating disease 
with mortality rates ranging up to 30%, have a higher risk for developing 
enterostomy-related complications than children with other intestinal disorders.

Research methods
A 10-year retrospective cohort study (2008-2017) investigated newborns 
who underwent enterostomy formation and reversal for different intestinal 
disorders. Only infants less than 28 d old at the time of enterostomy creation 
were included in the study (corrected age was applied in the cases of preterm 
neonates). The patients were divided into two groups according to their 
underlying diseases. Group 1 included infants suffering from NEC, whereas 
Group 2 included newborns diagnosed with intestinal disorders other than 
NEC, such as meconium obstruction, anorectal malformation, focal intestinal 
perforation, ileus, intestinal atresia and volvulus. The primary outcome measure 
was enterostomy-related morbidity. The data were analyzed statistically and 
to evaluate the severity of the occurring complications, the Clavien-Dindo-
Classification was applied, which allows the ranking of surgical complications.

Research results
In total, 76 infants met the inclusion criteria and were evaluated for enterostomy-
related complications. Neither group showed significant differences regarding 
gender, gestational age, weight at birth or weight at enterostomy formation. 
The overall rate of one or more complications in patients of both groups after 
enterostomy formation was 80.3%, with rates of 86.3% in Group 1 and 68.0% in 
Group 2 (p = 0.073). Following enterostomy closure, at least one complication 
was observed in 26.0% of the patients (30.6% in Group 1 and 16.7% in Group 
2, p = 0.321). 65.8% of patients required no treatment or only pharmacological 
treatment for the complications that occurred (Clavien-Dindo-Classification < 
Ⅲ), while 34.2% required surgery to address the complications (CDC ≥ Ⅲ). 
Early reversal of the enterostomy was performed significantly more often (p = 
0.003) and the time to full enteral nutrition after closure was significantly longer 
(p = 0.006) in infants with a CDC grading ≥ Ⅲ than in infants with a CDC 
grading < Ⅲ. 

Research conclusion
Enterostomy treatment is associated with a high frequency of minor 
complications (CDC < Ⅲ) and only a few major (CDC ≥ Ⅲ) complications. The 
major complications do have an impact on the infant’s clinical course and lead 
to prolonged parenteral nutrition or a need for reoperation and early reversal. 
However, in the majority of cases, infants do not need to undergo surgical 
treatment to address the enterostomy-related complications. Regarding the 
underlying disease of the infants a clear trend could be observed that neonates 
suffering from NEC have a higher risk for developing enterostomy complications 
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than those without NEC. This may be explained by the fact that bowel integrity 
in those infants is typically very low. 

Research perspective 
Enterostomy creation frequently leads to complications, but nevertheless 
can be deemed an appropriate surgical treatment for most infants suffering 
from intestinal disorders. It needs to be further evaluated though, whether an 
alternative treatment such as primary anastomosis might be a more feasible 
option in some cases. Especially the right treatment of children with NEC 
should be studied further in the future. 
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