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Abstract

Background: The results of existing studies regarding the use of neuromodulation in fecal
incontinence (FI) are contradictory and therefore, a definitive conclusion cannot be made in this
regard. Therefore, the aim of the present study was to evaluate the effectiveness of neuromodulation
in controlling FI in children through a systematic review..

Materials and Methods: A decision was made to perform the search in electronic databases of
Medline, Embase, Web of Science, CINAHL and Scopus until end of October 2017. In the second
step, the abstracts of the extracted studies were evaluated by 2 researchers independently and recorded
in the data extraction form. Finally, all studies were summarized and categorized based on the
evaluated outcomes and overall effect size was presented.

Results: Five studies were included in the present meta-analysis (including 115 children and
adolescent). Pooled analysis also showed that the odds of improvement in the group under treatment
with nerve stimulation was up to 20 times higher (OR = 20.29; 95% CI: 8.67 to 47.45; p<0.0001). In
addition, using nerve stimulation leads to a significant improvement in fecal incontinence score of
patients (SMD = 2.32; 95% CI: 1.12 to 3.52; p<0.0001).

Conclusion: It can be concluded that neuromodulation can seemingly be an effective measure in
controlling FI in children. However, the lack of standard clinical trials in this field is highly felt and it
is suggested to assess the effect of neuromodulation on FI by performing blinded randomized clinical
trials in future studies.
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Neuromodulation in Fecal Incontinence

1- INTRODUCTION

Fecal incontinence (FI) is a common
and important disorder among pelvic floor
disorders, which  brings about a
complicated situation and deeply impacts
personal health, mental status, and quality
of life in affected individuals (1). The
incidence of mental and social problems
following FI in children is significantly
higher than adults. This has a big impact
not only the individual but also the child’s
family (2, 3). FI in children is defined as
involuntary passing of stool in underwear
(in children over 4 years old), and occurs
due to functional (such as constipation,
prolapse, inflammatory bowel disease and
neuropathy), or organic causes (such as
anorectal malformation,
Hirschsprung's (HIRSH-sproongz) disease,
spinal cord injury, cerebral palsy and
myopathy) (4). The prevalence of FI in
children of western countries is 0.8% to
4.1% (5-8). However, recent studies in
Asia have shown that in Iran, South Korea
and Sri Lanka the prevalence is 2% to
7.8% (9-11).

The first line of treatment mainly includes
medication, biofeedback and therapeutic
regimen (12, 13). The second line of
treatment includes surgery such as
sphincteroplasty (14), bulking agents (15),
artificial sphincter (16), and recently,
regeneration of damaged sphincter muscle
tissue using stem cells (17, 18) just like
this method is used for regeneration of
other tissues (19-26). Applying less
invasive  therapeutic  strategies  for
management of FI is more acceptable
because Forte et al. have recently shown
that, contrary to the current belief, surgery
is not necessarily the most effective
treatment for FI (27). One of these less
invasive methods is using
neuromodulation, such as Sacral Nerve
Stimulation (SNS), which was among the
first non-surgical techniques applied for
treatment of FI. Today, SNS is considered
as the second line of treatment in patients
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who have not responded to drug therapy,
biofeedback, and etc. Neuromodulation
probably results in the control of FI
symptoms by affecting the somatosensory-
cortical centres of the anus (28, 29).
Limitations such as the mentioned
therapeutic method being expensive on
one hand and need for a skilled and expert
operator or therapist on the other has
resulted in this therapeutic method being
unavailable in many instances and this has
prevented it from being widely used in
clinic. The results of existing studies
regarding the use of neuromodulation in FI
are contradictory and therefore, a
definitive conclusion cannot be made in
this regard. One of the ways that a general
conclusion can be made regarding the
effectiveness of using peripheral nerve
stimulation in treating FI is performing a
systematic review and meta-analysis on
the existing studies in this field. Therefore,
the aim of the present study is to evaluate
the effectiveness of neuromodulation in
controlling FI in children through a
systematic review.

2- MATERIALS AND METHODS
2-1. Study design and search strategy

The present study is a systematic review
in which the effect of SNS on FI in
children and adolescents has been
evaluated. This study has been designed
based on Cochrane guideline for
performing meta-analysis on clinical trials.
Patients with FI in the age range of 1 to 19
years were considered. In the beginning of
the study, search strategy was designed.
By consulting a librarian who was familiar
with databases, a decision was made to
perform the search in electronic databases
of Medline, Embase, Web of Science,
CINAHL and Scopus. Search was done to
find the studies published until end of
October 2017. To do the search, first
keywords including words related to "fecal
incontinence" and "neuromodulation” were
selected. Keywords were selected as broad
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as possible in order to avoid omission of
relevant studies. Keywords and their
combination method in databases have
been presented in Table.1 (Please see the
table in the end of paper). To find
additional articles or unpublished data, a
hand-search was also carried out in the list
of relevant study references and related
journals. In addition, three strategies were
considered for searching in gray literature.
First, search was performed in the thesis
section of ProQuest. Second, attempts
were made to contact corresponding
authors of related articles in order to
access unpublished data or in-press
articles. Finally, Google and Google
Scholar search engines were used to find
additional resources. In cases where the
data could not be extracted from the
article, authors of the articles were
contacted. If the corresponding author did
not respond to the first email, a reminder
email was sent to the author. If there was
still no response a second reminder was
sent (with 1 week interval). If the author
did not respond in the third attempt, other
authors of the article were contacted via
social media such as Research gate and
LinkedIn to provide the required data for
the researchers.

2-2. Inclusion and exclusion criteria

In this study, randomized clinical trials or
quasi experimental studies that evaluated
the effect of neuromodulation on Fl were
included. The study population was
selected to include children and
adolescents with FI from both sexes.
Studies lacking a control group and those
in which the status of FI was not evaluated
were excluded. It should be noted that
review articles were also excluded.

2-3. Quality assessment and data
extraction

Data collection method, summarization
and quality control of articles have been
reported in previous studies by the
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researchers (30-50). In summary, the
results of search in the literature were
combined and duplicate studies were
eliminated using EndNote software. In the
second step, the abstracts of the extracted
studies were evaluated by 2 researchers
independently and recorded in the data
extraction form and in case of being
excluded, the reason was mentioned. In
case of disagreement between the 2
researchers, a third reviewer studied the
findings and by discussing it with the 2
researchers the disagreement was resolved.
The systematic search results were
recorded in a checklist that was designed
based on the guidelines of PRISMA
statement (51). This checklist included
data related to article characteristics (name
of the first author and year of publication),
sample characteristics (age, gender),
number of studied samples, baseline
characteristics of the patients, duration of
follow-up, treatment protocol, evaluated
outcomes and probable bias. When the
mentioned values were not reported in a
study, the corresponding author was asked
to provide them for the researchers.
Quality status of each study was evaluated
using the Cochran guideline for human
studies.

2-4. Data analysis

All  studies were summarized and
categorized based on the evaluated
outcomes. Heterogeneity between the
studies was evaluated using chi square and
I? tests, and p-value less than 0.1 were
considered significant (indicating
heterogeneity). Results of the studies were
pooled and an overall effect size was
presented. Funnel Plot and Egger's test and
Begg's tests were used for evaluating
publication bias (52). Statistical analyses
were performed by STATA version 14.0
(Stata Corporation, College Station, TX).

3- RESULTS
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3-1. Summary of included studies

The systematic and manual search
conducted in this study yielded 4,352 non-
redundant records. After the initial
screening and receiving full-text of the
articles, 15 papers were studied in more
detail and finally, 5 studies were included
(53-57) (Figure.l). Four studies had a
before-after design and one study had
cross-over clinical trial design. In these
studies, a total of 115 children and
adolescents with FI who had not responded
to common treatments  underwent
treatment with neuromodulation. The
neuromodulation used was implanted
sacral nerve stimulation in three studies

(54, 56, 57), transcutaneous external-
neuromyogenic electrostimulation in 1
study (53), and transcutaneous posterior
tibial nerve stimulation in another one
(55). Protocol of nerve stimulation was not
fully described in most studies. Only one
study had reported all three factors of
nerve stimulation frequency, session
duration and session number (55).
Duration of follow-up ranged between 4.5
and 30 months. The evaluated outcomes
included resting pressure, maximum
squeezing pressure, incontinence score and
success rate (Table.2) (Please see the
table in the end of paper).

Medline (via PubMed): n=638
Embase: n=1,411
Scopus:n=1,114

Web of Sciences: n=1.319

Manual searched: n=1

Total records identified through databases: n=06,282

Records after removal duplicate: n=4,352

Records excluded: n=4.139

Records after screening: n=213

Full-text assessed for eligibility: n=15

Records excluded: n=10

Not relevant: n=8

Adult study: n=1

Review article: n=1

synthesis: n=5

Studies included in the qualitative and quantitative

Fig.1: PRISMA flowchart of present study.
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3-2. Risk of bias

There was a high risk of bias regarding
allocation  concealment, blinding of
patients and researchers and blinding of
outcome assessing in all studies. The status
of selective reporting and other bias was
unclear in all studies (Figure.2). In
addition, publication bias was not observed
in the present study (Figure.3) (Please see
the figures in the end of paper).

3-3. Meta-analysis

3-3-1. Success rate of neuromodulation
in treatment of FI

The success rate reported in the study is
shown in Figure 4-A. As can be seen, all
studies have expressed that the success rate
of nerve stimulation in were higher before
intervention or the control group. Pooled
analysis also showed that the odds of
improvement in the group under treatment
with nerve stimulation was up to 20 times
higher (odds ratio [OR]= 20.29;
95% confidence interval [95% CI]: 8.67 to
47.45; p<0.0001).

3-3-2. Fecal incontinence score

Data from four papers were included in
analyzes of this section (53-57). This
section of analyzes included 79 children
under treatment with nerve stimulation.
The findings indicated a significant
heterogeneity in this section (12=87.2%;
p<0.0001). Therefore, a random-effect
model was used to pool the data. As
Figure 4-B shows, using nerve stimulation
leads to a significant improvement in fecal
incontinence score of patients
(standardized mean difference
[SMD]=2.32; 95% CI. 1.12 to 3.52;
p<0.0001). In other words, using this
therapeutic technique can improve the
status of stool control in children and
adolescents.

4- DISCUSSION
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The results of the present systematic
review and meta-analysis on the role of
neuromodulation in controlling FI in
children indicate that this treatment
method increases the success rate of fecal
continence up to 20 times and also
significantly increases standard fecal
incontinence score compared to before
treatment. These results indicate the
effectiveness of neuromodulation for
controlling FI in children. The results of
the present meta-analysis are in line with
those of the systematic reviews performed
in adults in this regard. In 2004, Jarrett et
al. performed a systematic review on 106
studies and its results showed that SNS
significantly improves FI, and shows some
degree  of improvement regarding
constipation (58). In 2008, in a systematic
review on FI and constipation, Mowatt et
al. stated that despite the effectiveness of
SNS in controlling FI, more studies are
needed to reach a definitive conclusion
(59). In a systematic review evaluating the
mechanism of SNS in the control of FI and
constipation in 2014, while demonstrating
the efficacy of SNS in controlling fecal
incontinence, Carrington et al. expressed
that the common belief that SNS
mechanism of action occurs in the
anorectal level is seemingly wrong and the
location of action for SNS in controlling FI
is in the higher levels of the central
nervous system (60).

In 2015, Thomas et al. as well as Thaha et
al. performed systematic reviews and
concluded that to reach a more accurate
conclusion regarding the role of SNS in
controlling FI  after surgery and
radiotherapy, more studies are needed (61,
62). Despite the numerous studies on SNS
mechanism of action in controlling FI, the
exact mechanism is unknown. Evidence
suggests that the third sacral foramen is the
best level for SNS induction, although
second and third sacral foramina are also
used. SNS effects are related to stimulation
of the sacral nerve root adjacent to the
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corresponding sacral foramen. In addition
to stimulating the nerve root, part of the
sympathetic chain that is adjacent to the
sacral foramen is also stimulated. A sacral
nerve contains motor, sensory and
autonomic  fibers  (sympathetic  and
parasympathetic), and during SNS all of
these fibers are stimulated. The first fibers
that are stimulated during SNS are alpha
motor fibers that innervate the external
anal sphincter (EAS) and levator ani (63-
66); thus, increasing the contractile force
of the EAS can be a logical reason for
improvement and success in stool control.
After the motor fibers, the sensory fibers
that innervate the anal canal are
stimulated. These fibers play a key role in
sensory-motor  reflexes, which are
important in optimal performance of the
anal canal (67). Therefore, modulating
these reflexes via SNS can be part of SNS
mechanism of action in controlling FI.
Balance in activity of autonomous nerves
is a key factor in colorectal health and
optimal performance of the internal anal
sphincter (IAS) (68). Therefore, changing
this balance and affecting IAS function can
also be part of SNS mechanism of action
in controlling FI.

4-1. Limitation

In general, existing systematic reviews as
well as the present systematic review
express that the small number of studies,
presence of bias, and high heterogeneity in
the performed studies are obstacles to
reaching a conclusion regarding the
effectiveness of this treatment method in
treatment and management of FI. In
addition, most of the studies included in
this study had a before-after design, which
is also one of the limitations that prevent
reaching a reliable final conclusion in this
regard. Therefore, in the end, this study
suggests that the final conclusions can be
reached after further clinical trials. Many
of the included studies have low gquality,
which definitely makes comparing the
studies difficult.
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5- CONCLUSIONS

From the results of the present
systematic review, it can be concluded that
neuromodulation can seemingly be an
effective measure in controlling FI in
children. However, the lack of standard
clinical trials in this field is highly felt and
it is suggested to assess the effect of
neuromodulation on FI by performing
blinded randomized clinical trials in future
studies.

6- CONFLICT OF INTEREST

All the authors declare that they have no
conflict of interest.

7- ACKNOWLEDGMENTS

This research has been supported by Iran
University of Medical Sciences (ID
Number: 96-03-182-31934).

8- REFERENCES

1. Barker A, Hurley J. Novel treatment
options for fecal incontinence. Clinics in colon
and rectal surgery. 2014;27(03):116-20.

2. Meyer KF, Macedo M, S Filho H, Pinto
TR, Galvao LT, Meneses QC. The Malone
Antegrade Continence Enema (MACE)
principle in children: is it important if the
conduit is implanted in the left or the right
colon? International braz | urol.
2008;34(2):206-13.

3. Bernard-Bonnin A-C, Haley N, Belanger S,
Nadeau D. Parental and patient perceptions
about encopresis and its treatment. Journal of
Developmental and Behavioral Pediatrics.
1993;14(6):397-400.

4. Rajindrajith S, Devanarayana N, Benninga
M. Faecal incontinence in  children:
epidemiology,  pathophysiology,  clinical
evaluation and management. Alimentary
pharmacology and therapeutics.
2013;37(1):37-48.

5. Joinson C, Heron J, Butler U, von Gontard
A, Parents ALSo, Team CS. Psychological
differences between children with and without
soiling problems. Pediatrics.
2006;117(5):1575-84.

6568



Sarveazad et al.

6. Bongers ME, van Dijk M, Benninga MA,
Grootenhuis MA. Health related quality of life
in children with constipation-associated fecal
incontinence. The Journal of pediatrics.
2009;154(5):749-53. el.

7. Wald A, Sigurdsson L. Quality of life in
children and adults with constipation. Best
practice & research Clinical gastroenterology.
2011;25(1):19-27.

8. Van der Wal M, Benninga M, Hirasing R.
The prevalence of encopresis in a multicultural
population. Journal of pediatric
gastroenterology and nutrition.
2005;40(3):345-8.

9. Sohrabi S, Nouraie M, Khademi H,
Baghizadeh S, Nasseri-Moghaddam S,
Malekzadeh R. Epidemiology of
uninvestigated gastrointestinal symptoms in
adolescents: a population-based study applying
the Rome Il questionnaire. Journal of pediatric
gastroenterology and nutrition. 2010;51(1):41-
5.

10.Chung JM, Lee SD, Kang DI, Kwon DD,
Kim KS, Kim SY, et al. An epidemiologic
study of voiding and bowel habits in Korean
children: a nationwide multicenter study.
Urology. 2010;76(1):215-9.

11.Rajindrajith S, Devanarayana NM,
Benninga MA. Constipation-associated and
nonretentive fecal incontinence in children and
adolescents: an epidemiological survey in Sri
Lanka. Journal of pediatric gastroenterology
and nutrition. 2010;51(4):472-6.

12.Madoff RD, Parker SC, Varma MG, Lowry
AC. Faecal incontinence in adults. The Lancet.
2004;364(9434):621-32.

13.Norton C, Cody JD, Hosker G.
Biofeedback and/or sphincter exercises for the
treatment of faecal incontinence in adults. The
Cochrane database of systematic reviews.
2006(3):Cd002111.

14.Madoff RD. Surgical treatment options for
fecal incontinence. Gastroenterology.
2004;126:548-S54.

15.Malouf AJ, Vaizey CJ, Norton CS, Kamm
MA. Internal anal sphincter augmentation for
fecal incontinence using injectable silicone
biomaterial. Diseases of the colon & rectum.
2001;44(4):595-600.

Int J Pediatr, VVol.5, N.12, Serial No.48, Dec. 2017

16.Wong WD, Congliosi SM, Spencer MP,
Corman ML, Tan P, Opelka FG, et al. The
safety and efficacy of the artificial bowel
sphincter for fecal incontinence. Diseases of
the colon and rectum. 2002;45(9):1139-53.

17.Sarveazad A, Newstead GL, Mirzaei R,
Joghataei MT, Bakhtiari M, Babahajian A, et
al. A new method for treating fecal
incontinence by implanting stem cells derived
from human adipose tissue: preliminary
findings of a randomized double-blind clinical
trial.  Stem cell research and therapy.
2017;8(1):40.

18.Babahajian A, Shamseddin J, Sarveazad A.
Stem cell therapy in fecal incontinence: a
narrative  review. Journal of Medical
Physiology. 2017;2(1):2-9.

19.Akhkand SS, Amirizadeh N, Nikougoftar
M, Alizadeh J, Zaker F, Sarveazad A, et al.
Evaluation of umbilical cord blood CD34+
hematopoietic stem cells expansion with
inhibition of TGF-B receptorll in co-culture
with bone marrow mesenchymal stromal cells.
Tissue and Cell. 2016;48(4):305-11.

20.Amini N, Vousooghi N, Hadjighassem M,
Bakhtiyari M, Mousavi N, Safakheil H, et al.
Efficacy of Human Adipose Tissue-Derived
Stem  Cells on  Neonatal  Bilirubin
Encephalopathy in  Rats.  Neurotoxicity
research. 2016;29(4):514-24.

21.Faghihi F, Mirzaei E, Sarveazad A, Ai J,
Barough SE, Lotfi A, et al. Differentiation
potential of human bone marrow mesenchymal
stem cells into motorneuron-like cells on
electrospun gelatin  membrane. Journal of
Molecular Neuroscience. 2015;55(4):845-53.

22.Goudarzi F, Sarveazad A, Mahmoudi M,
Mohammadalipour A, Chahardoli R,
Malekshah OM, et al. Combined effect of
retinoic acid and calcium on the in vitro
differentiation of human adipose-derived stem
cells to adipocytes. Archives of Physiology
and Biochemistry. 2017:1-10.

23.Janzadeh A, Sarveazad A, Yousefifard M,
Dameni S, Samani FS, Mokhtarian K, et al.
Combine effect of Chondroitinase ABC and
low level laser (660 nm) on spinal cord injury
model in adult male rats. Neuropeptides. 2017.

6569



Neuromodulation in Fecal Incontinence

24 .Sarvandi SS, Joghataei MT, Parivar K,
Khosravi M, Sarveazad A, Sanadgol N. In
vitro differentiation of rat mesenchymal stem
cells to hepatocyte lineage. Iranian journal of
basic medical sciences. 2015;18(1):89.

25.Sarveazad A, Babahajian A, Bakhtiari M,
Soleimani M, Behnam B, Yari A, et al. The
combined application of human adipose
derived stem cells and Chondroitinase ABC in
treatment of a spinal cord injury model.
Neuropeptides. 2017;61:39-47.

26.Sarveazad A, Bakhtiari M, Babahajian A,
Janzade A, Fallah A, Moradi F, et al
Comparison of human adipose-derived stem
cells and chondroitinase ABC transplantation
on locomotor recovery in the contusion model
of spinal cord injury in rats. Iranian journal of
basic medical sciences. 2014;17(9):685.

27.Forte ML, Andrade KE, Lowry AC, Butler
M, Bliss DZ, Kane RL. Systematic Review of
Surgical Treatments for Fecal Incontinence.
Diseases of the Colon & Rectum.
2016;59(5):443-69.

28.Hotouras A, Thaha M, Boyle D, Allison M,
Currie A, Knowles C, et al. Short-term
outcome following percutaneous tibial nerve
stimulation for faecal incontinence: a
single-centre prospective study. Colorectal
Disease. 2012;14(9):1101-5.

29.George AT, Kalmar K, Panarese A,
Dudding TC, Nicholls RJ, Vaizey CJ. Long-
term outcomes of sacral nerve stimulation for
fecal incontinence. Diseases of the Colon and
Rectum. 2012;55(3):302-6.

30.Ebrahimi A, Yousefifard M, Kazemi HM,
Rasouli HR, Asady H, Jafari AM, et al.
Diagnostic accuracy of chest ultrasonography
versus chest radiography for identification of
pneumothorax: a systematic review and meta-
analysis. Tanaffos. 2014;13(4):29.

31.Hosseini M, Yousefifard M, Aziznejad H,
Nasirinezhad F. The effect of bone marrow—
derived mesenchymal stem cell transplantation
on allodynia and hyperalgesia in neuropathic
animals: a systematic review with meta-
analysis. Biology of Blood and Marrow
Transplantation. 2015;21(9):1537-44.

32.Yousefifard M, Rahimi-Movaghar V,
Nasirinezhad F, Baikpour M, Safari S, Saadat

Int J Pediatr, VVol.5, N.12, Serial No.48, Dec. 2017

S, et al. Neural stem/progenitor cell
transplantation  for spinal cord injury
treatment; A systematic review and meta-
analysis. Neuroscience. 2016;322:377-97.

33.Hosseini M, Ghelichkhani P, Baikpour M,
Tafakhori A, Asady H, Ghanbari MJH, et al.
Diagnostic accuracy of ultrasonography and
radiography in detection of pulmonary
contusion; a systematic review and meta-
analysis. Emergency. 2015;3(4):127.

34.Yousefifard M, Baikpour M, Ghelichkhani
P, Asady H, Nia KS, Jafari AM, et al.
Screening performance characteristic  of
ultrasonography and radiography in detection
of pleural effusion; a meta-analysis.
Emergency. 2016;4(1):1.

35.Safari S, Yousefifard M, Hashemi B,
Baratloo A, Forouzanfar MM, Rahmati F, et
al. The value of serum creatine kinase in
predicting the risk of rhabdomyolysis-induced
acute kidney injury: a systematic review and
meta-analysis. Clinical and experimental
nephrology. 2016;20(2):153-61.

36.Rahimi-Movaghar V, Yousefifard M,
Ghelichkhani P, Baikpour M, Tafakhori A,
Asady H, et al. Application of ultrasonography
and radiography in detection of hemothorax; a
systematic  review and  meta-analysis.
Emergency. 2016;4(3):116.

37.Yousefifard M, Baikpour M, Ghelichkhani
P, Asady H, Darafarin A, Esfahani MRA, et al.
Comparison  of  ultrasonography  and
radiography in detection of thoracic bone
fractures; a systematic review and meta-
analysis. Emergency. 2016;4(2):55.

38.Hassanzadeh-Rad A, Yousefifard M, Katal
S, Asady H, Fard-Esfahani A, Moghadas Jafari
A, et al. The value of 18F-fluorodeoxyglucose
positron emission tomography for prediction
of treatment response in gastrointestinal
stromal tumors: a systematic review and
meta-analysis. Journal of gastroenterology and
hepatology. 2016;31(5):929-35.

39.Yousefifard M, Rahimi-Movaghar V,
Baikpour M, Ghelichkhani P, Hosseini M,
Jafari A, et al. Early versus late spinal
decompression surgery in treatment of
traumatic spinal cord injuries; a systematic
review and meta-analysis. Emerg
(Tehran). 2017;5(1):e37

6570


https://www.ncbi.nlm.nih.gov/pubmed/28286844
https://www.ncbi.nlm.nih.gov/pubmed/28286844

Sarveazad et al.

40.Hosseini M, Yousefifard M, Baikpour M,
Rahimi-Movaghar V, Nasirinezhad F,
Younesian S, et al. The efficacy of Schwann
cell transplantation on motor function recovery
after spinal cord injuries in animal models: a
systematic review and meta-analysis. Journal
of chemical neuroanatomy. 2016;78:102-11.

41.Ghelichkhani P, Yousefifard M, Nazemi L,
Safari S, Hosseini M, Baikpour M, et al. The
value of serum B-subunit of human chorionic
gonadotropin level in prediction of treatment
response to methotrexate in management of
ectopic pregnancy; a systematic review and
meta-analysis.  International  Journal  of
Pediatrics. 2016;4(9):3503-18.

42.Yousefifard M, Baikpour M, Ghelichkhani
P, Asady H, Shahsavari Nia K, Moghadas
Jafari A, et al. Screening Performance
Characteristic of Ultrasonography and Radiog-
raphy in Detection of Pleural Effusion; a Meta-
Analysis. Emergency. 2015;4(0):9682-.

43.1zadi A, Yousefifard M, Nakhjavan-
Shahraki B, Baikpour M, Mirzay Razaz J,
Ataei N, et al. Value of plasma/serum
neutrophil gelatinase-associated lipocalin in
detection of pediatric acute kidney injury; a
systematic  review and  meta-analysis.
International Journal of Pediatrics.
2016;4(11):3815-36.

44.1zadi A, Yousefifard M, Nakhjavan-
Shahraki B, Baikpour M, Mirzay Razaz J,
Hosseini M. Diagnostic value of Urinary
Neutrophil Gelatinase-Associated Lipocalin
(NGAL) in detection of pediatric acute kidney
injury; a systematic review and meta-analysis.
International Journal of Pediatrics.
2016;4(11):3875-95.

45.Rahimi-Movagha V, Yousefifard M,
Ghelichkhani P, Baikpour M, Tafakhori A,
Asady H, et al. Application of ultrasonography
and radiography in detection of hemothorax: a
systematic ~ review and  meta-analysis.
Emergency. 2015;4(0):9681-.

46.Nakhjavan-Shahraki B, Yousefifard M,
Ataei N, Baikpour M, Ataei F, Bazargani B, et
al. Accuracy of cystatin C in prediction of
acute kidney injury in children; serum or urine
levels: which one works better? A systematic
review and meta-analysis. BMC nephrology.
2017;18(1):120.

Int J Pediatr, VVol.5, N.12, Serial No.48, Dec. 2017

47 Hashemi B, Safari S, Hosseini M,
Yousefifard M, Erfani E, Baratloo A, et al. A
systematic review of lranian experiences in
seismo-nephrology. Arch Trauma
Res. 2016;5(2):e28796. eCollection 2016 Jun.

48.Nakhjavan-Shahraki B, Yousefifard M,
Oraii A, Sarveazad A, Hosseini M. Meta-
analysis of neuron specific enolase in
predicting pediatric brain injury outcomes.
EXCLI Journal. 2017;16:995-1008.

49.Ahmadi S, Yousefifard M. Accuracy of
Pediatric Emergency Care Applied Research
Network Rules in Prediction of Clinically
Important Head Injuries; A Systematic Review
and Meta-Analysis. International Journal of
Pediatrics. 2017:6285-300.

50.Hosseini M, Yousefifard M, Ataei N, Oraii
A, Razaz JM, lzadi A. The efficacy of
probiotics in prevention of urinary tract
infection in children: A systematic review and
meta-analysis. J Pediatr Urol. 2017 Oct 9. pii:
S1477-5131(17)30398-4.

51.Moher D, Liberati A, Tetzlaff J, Altman
DG. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA
statement. Annals of internal medicine.
2009;151(4):264-9.

52.Egger M, Smith GD, Schneider M, Minder
C. Bias in meta-analysis detected by a simple,
graphical test. Bmj. 1997;315(7109):629-34.

53.Ergun O, Tatlsu R, Pehlivan M, Celik A.
The efficacy of external neuromyogenic
stimulation on neuromuscular anorectal
incontinence. European Journal of Pediatric
Surgery. 2010;20(4):230-3.

54.Haddad M, Besson R, Aubert D, Ravasse
P, Lemelle J, EI Ghoneimi A, et al. Sacral
neuromodulation in children with urinary and
fecal incontinence: A multicenter, open label,
randomized, crossover study. Journal of
Urology. 2010;184(2):696-701.

55.Lecompte JF, Hery G, Guys JM, Louis-
Borrione C. Evaluation of transcutaneous
electrical posterior tibial nerve stimulation for
the treatment of fecal and urinary leaks in
children: Preliminary results. Journal of
Pediatric Surgery. 2015;50(4):630-3.

56.Lu PL. Sacral neuromodulation for
constipation and fecal incontinence in

6571


https://www.ncbi.nlm.nih.gov/pubmed/27703959
https://www.ncbi.nlm.nih.gov/pubmed/27703959
https://www.ncbi.nlm.nih.gov/pubmed/29102297

Neuromodulation in Fecal Incontinence

children. Seminars in Colon and Rectal
Surgery. 2017.

57.Schober MS, Sulkowski JP, Lu PL,
Minneci PC, Deans KJ, Teich S, et al. Sacral
nerve stimulation for pediatric lower urinary
tract dysfunction: Development of a
standardized  pathway  with  objective
urodynamic outcomes. Journal of Urology.
2015;194(6):1721-6.

58.Jarrett ME, Mowatt G, Glazener CM,
Fraser C, Nicholls RJ, Grant AM, et al.
Systematic review of sacral nerve stimulation
for faecal incontinence and constipation. The
British journal of surgery. 2004;91(12):1559-
69.

59.Mowatt G, Glazener C, Jarrett M. Sacral
nerve stimulation for fecal incontinence and
constipation in adults: a short version
Cochrane  review.  Neurourology and
urodynamics. 2008;27(3):155-61.

60.Carrington EV, Evers J, Grossi U, Dinning
PG, Scott SM, O'Connell PR, et al. A
systematic review of sacral nerve stimulation
mechanisms in the treatment of fecal
incontinence and constipation.
Neurogastroenterology and motility : the
official journal of  the European
Gastrointestinal Motility Society.
2014,26(9):1222-37.

61.Thomas GP, Bradshaw E, Vaizey CJ. A
review of sacral nerve stimulation for faecal
incontinence following rectal surgery and
radiotherapy. Colorectal disease : the official

Int J Pediatr, VVol.5, N.12, Serial No.48, Dec. 2017

journal of the Association of Coloproctology
of Great Britain and Ireland. 2015;17(11):939-
42,

62.Thaha MA, Abukar AA, Thin NN,
Ramsanahie A, Knowles CH. Sacral nerve
stimulation for faecal incontinence and
constipation in adults. The Cochrane Library.
2015.

63.Rosen HR, Urbarz C, Holzer B, Novi G,
Schiessel R. Sacral nerve stimulation as a
treatment for fecal incontinence.
Gastroenterology. 2001;121(3):536-41.

64.Ganio E, Realis Luc A, Ratto C, Doglietto
G, Masin A, Dodi G. Sacral nerve modulation
for fecal incontinence: functional results and
assessment of quality of life. URL: www
colorep it(accessed May 2003). 2005.

65.Jarrett M, Varma J, Duthie G, Nicholls R,
Kamm M. Sacral nerve stimulation for faecal
incontinence in the UK. British journal of
surgery. 2004;91(6):755-61.

66.Matzel K, Bittorf B, Stadelmaier U,
Hohenberger W. Sacral nerve stimulation in
the treatment of faecal incontinence. Der
Chirurg; Zeitschrift fur alle Gebiete der
operativen Medizen. 2003;74(1):26-32.

67.Shafik A. Anorectal tightening reflex: role
in fecal incontinence. European surgical
research. 1993;25(6):399-405.

68.Frenckner B, lhre T. Influence of
autonomic nerves on the internal and sphincter
in man. Gut. 1976;17(4):306-12.

6572



Sarveazad et al.

Table-1: Search query in Medline, Embase and Scopus databases

Database

Search query

Medline

(("Fecal Incontinence"[Mesh] OR "Fecal Incontinence"[tiab] OR “Fecal Incontinences™[tiab] OR “Incontinence, Fecal”’[tiab] OR “Incontinences,
Fecal”’[tiab] OR “anal incontinence”[tiab] OR “ anus incontinence”[tiab] OR “ bowel incontinence”[tiab] OR “ encopresis™[tiab] OR “ faecal
incontinence”’[tiab] OR “ faeces incontinence”[tiab] OR “ fecal incontinence™[tiab] OR “ fecal incontinency”’[tiab] OR “ incontinence, anal’[tiab]
OR “incontinentia alvi”’[tiab])) AND ("Transcutaneous Electric Nerve Stimulation"[Mesh] OR “Transcutaneous Electric Nerve Stimulation™[tiab]
OR “Percutaneous Electric Nerve Stimulation”[tiab] OR “TENS”[tiab] OR “Electrical Stimulation, Transcutaneous”[tiab] OR “Stimulation,
Transcutaneous Electrical”[tiab] OR “Transcutaneous Electrical Stimulation”[tiab] OR “Transdermal Electrostimulation”[tiab] OR
“Electrostimulation, Transdermal”[tiab] OR “Percutaneous Electrical Nerve Stimulation”[tiab] OR “Transcutaneous Electrical Nerve
Stimulation”[tiab] OR “Electric Stimulation, Transcutaneous”[tiab] OR “Stimulation, Transcutaneous Electric”’[tiab] OR “Transcutaneous Electric
Stimulation™[tiab] OR “Transcutaneous Nerve Stimulation”[tiab] OR “Nerve Stimulation, Transcutaneous”[tiab] OR “Stimulation, Transcutaneous
Nerve”[tiab] OR “Analgesic Cutaneous Electrostimulation”[tiab] OR “Cutaneous Electrostimulation, Analgesic”[tiab] OR “Electrostimulation,
Analgesic Cutaneous”[tiab] OR “Electroanalgesia”[tiab] OR “Neuromodulation”[tiab] OR “sacral nerve stimulation”[tiab] OR “sacral nerve
modulation”[tiab] OR “nerve stimulation”[tiab]).

Embase

(‘neuromodulation‘'/exp OR 'sacral nerve stimulation'/exp OR 'sacral nerve modulation'/exp OR 'nerve stimulation'/exp OR 'transcutaneous electrical
nerve stimulation'/exp) AND ('feces incontinence'/exp OR 'fecal leakage'/exp).

Scopus

1- (TITLE-ABS-KEY ( "Fecal Incontinence"”) OR TITLE-ABS-KEY ( "Fecal Incontinence" ) OR TITLE-ABS-KEY ( “Fecal Incontinences™ )
OR TITLE-ABS-KEY ( “Incontinence, Fecal”) OR TITLE-ABS-KEY ( “Incontinences, Fecal” ) OR TITLE-ABS-KEY ( “anal incontinence” )
OR TITLE-ABS-KEY ( “ anus incontinence” ) OR TITLE-ABS-KEY ( “ bowel incontinence” ) OR TITLE-ABS-KEY ( “ encopresis” ) OR
TITLE-ABS-KEY ( “ faecal incontinence” ) OR TITLE-ABS-KEY ( “ faeces incontinence” ) OR TITLE-ABS-KEY ( “ fecal incontinence” )
OR TITLE-ABS-KEY ( “ fecal incontinency” ) OR TITLE-ABS-KEY ( “ incontinence, anal”) OR TITLE-ABS-KEY ( “ incontinentia alvi” ) ).
2- (TITLE-ABS-KEY ( "Transcutaneous Electric Nerve Stimulation") OR TITLE-ABS-KEY ( “Transcutaneous Electric Nerve Stimulation” )
OR TITLE-ABS-KEY ( “Percutaneous Electric Nerve Stimulation” ) OR TITLE-ABS-KEY ( “TENS” ) OR TITLE-ABS-KEY ( “Electrical
Stimulation, Transcutaneous” ) OR TITLE-ABS-KEY ( “Stimulation, Transcutaneous Electrical”) OR TITLE-ABS-KEY ( “Transcutancous
Electrical Stimulation”) OR TITLE-ABS-KEY ( “Transdermal Electrostimulation”) OR TITLE-ABS-KEY ( “Electrostimulation, Transdermal”
) OR TITLE-ABS-KEY ( “Percutaneous Electrical Nerve Stimulation”) OR TITLE-ABS-KEY ( “Transcutaneous Electrical Nerve Stimulation”
) OR TITLE-ABS-KEY ( “Electric Stimulation, Transcutaneous” ) OR TITLE-ABS-KEY ( “Stimulation, Transcutaneous Electric” ) OR
TITLE-ABS-KEY ( “Transcutaneous Electric Stimulation” ) OR TITLE-ABS-KEY ( “Transcutaneous Nerve Stimulation” ) OR TITLE-ABS-
KEY ( “Nerve Stimulation, Transcutaneous” ) OR TITLE-ABS-KEY ( “Stimulation, Transcutaneous Nerve” ) OR TITLE-ABS-KEY (
“Analgesic Cutaneous Electrostimulation” ) OR TITLE-ABS-KEY ( “Cutancous Electrostimulation, Analgesic” ) OR TITLE-ABS-KEY (
“Electrostimulation, Analgesic Cutaneous” ) OR TITLE-ABS-KEY ( “Electroanalgesia” ) OR TITLE-ABS-KEY ( “Neuromodulation” ) OR
TITLE-ABS-KEY ( “sacral nerve stimulation” ) OR TITLE-ABS-KEY ( ‘“sacral nerve modulation” ) OR TITLE-ABS-KEY ( “nerve
stimulation™ ) ).

3- #1 AND #2
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Table-2: Summary of eligible studies neuromodulation in fecal incontinence

Sessions . Follow-
. . F . | A Mal

Author; year Sttuciy Type of stimulation re(q:ze; &y Duration ie;r:ggf Sa;rir;g ¢ ( e%er) (:;)es Outcome up
P (min) Y (month)

Ergun; 2010 (53)| Before- | Transcutaneous extgrnal neuromyogenic NR NR 84 17 51022| 10 Incontinence score; 6
after electrostimulation Success rate

Haddad; 2010

’ C _
(54) or\cl)sf Implanted sacral SNS 10to 20 28 NR 18/18 12.22 24 Success rate 6
Lecompte; 2015 ; .
' Before- |

(55) eore Transcutaneous PTNS 10 20 270 8 |loto13| 5 | meontinencescore | g
after Success rate

Lu; 2017 (56) Before- Implanted sacral SNS NR NR NR 25 10 13 Incontinence score; 30
after Success rate

Sulkowski; 2015 ) . .

(57) Before Implanted sacral SNS NR NR NR 29 | 1pq | 13 | Ineontinencescore; |,
after Success rate

NR: Not reported; SNS: Sacral nerve stimulation; PTNS: Posterior tibial nerve stimulation; n= number; min: minute.
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Fig.2: Assessment of risk of bias through eligible studies.
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Fig.3: Assessment of publication bias according to outcomes; A) success rate; B) fecal incontinence score.
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A
Author Year OR (95% CI)
Ergun 2010 : 25.00 (1.29, 483.99)
Haddad 2010 — 17.50(3.31,92.47)
Lecompte 2015 L 21.00(1.50,293.25)
Lu 2017 — - 10.29(2.77,38.21)
Sulkowski 2015 — > 94.91 (5.27, 1708.60)
Overall (I-squared = 0.0%, p = 0.704) <I> 20.29 (8.67, 47.45)

T T

B
Author Year SMD (95% CI)
Ergun 2010 —a— 2.87 (1.89, 3.84)
Lecompte 2015 . ———=——— 543 (3.19,7.66)
Lu 2017 - 0.90 (0.32, 1.49)
Sulkowski 2015 —- 1.67 (1.07, 2.27)
Overall (I-squared = 87.1%, p = 0.000) <>- 232 (1.12, 3.52)
NOTE: Weights are from random effects analysis :

T . T
-7.66 0 7.66

Fig.4: Forrest plot for the success rate of neuromodulation in treatment of fecal incontinence (A) and effect of this treatment modality on fecal incontinence
score (B) in pediatrics patients. Cl: Confidence interval; OR: Odds ratio; SMD: Standardized mean differences.
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