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in fecal incontinence, though has more efficacy in patients with 
neurogenic bowel disorders related to spinal cord injury and 
multiple sclerosis [12]. Anal plugs may have a selected role attaining 
pseudocontinence, though are not always well tolerated [9]. Surgical 
options include repair of sphincter defects, injection of tissue bulking 
agents, and implantation of magnetic anal sphincter or artificial 
bowel sphincter or graciloplasty, but these have limited durability, 
high failure rates, and, in the case of artificial bowel sphincter, high 
morbidity [13-16]. For some patients, failure of traditional therapies 
leads to stoma placement for fecal diversion. Sacral nerve stimulation 
has been increasing in popularity. Unfortunately, there is limited 
evidence to guide treatment providers. A recent systematic review of 
surgical treatment for fecal incontinence found the literature to be 
constrained by short duration of follow up, small patient population 
size, and heterogeneous outcomes measured [16].

Sacral Nerve Stimulation Results
Sacral nerve stimulation (SNS) has emerged as a safe, efficacious, 

and durable treatment for FI. The first reported use of SNS for FI 
refractory to conventional modalities was in 1995 [17]. Its use in 
fecal incontinence stemmed from the observation that patients with 
urinary incontinence undergoing SNS device placement benefited 
also from improved bowel function. Since then, numerous studies 
have demonstrated significant and sustainable improvement in 
incontinence. A recent Cochrane Review Meta analysis reviewed six 
trials examining SNS in FI [18]. One of the trials cited was by Tjandra et 
al., and it randomized patients with severe FI to either SNS or medical 
management consisting of diet manipulation, stool bulking agents, 
and biofeedback. Patients receiving medical management had no 
improvement in their degree of incontinence at either 3 or 12 months, 
whereas the SNS patients had significantly improved incontinence 
scores, and their mean number of incontinence episodes dropped from 
9.5 to 3.1 per week at 12 months after SNS placement. SNS patients also 
enjoyed significant improvements in their quality of life [19].

The durability of SNS was demonstrated in a multi-center 
prospective trial which followed 76 patients for five years following 
implantation of the device. At five years, the mean number of 
incontinence episodes decreased from 9.1 per week pre-implantation 
to 1.7 per week, and 36% of patients maintained total fecal continence 
at five years. Quality of life was significantly improved and this 
improvement was sustained at five years [20]. Other series have 

Abbreviations
FI: Fecal Incontinence; UI: Urinary Incontinence; SNS: Sacral 

Nerve Stimulation

Introduction
Fecal incontinence (FI) is a disabling disorder affecting up to 18% 

of adults [1-3]. It leads to social isolation and decreased quality of 
life, yet is often under reported and unrecognized [4,5]. Women are 
more frequently affected than men, and the prevalence increases with 
age. A major risk factor for FI is sphincter disruption during vaginal 
delivery, which is estimated to occur in up to 18% of vaginal births [6]. 
Patients suffering fecal incontinence often have urinary incontinence 
(UI), with one series demonstrating that in a survey of randomly 
selected adults over 50 years, 51% of men and 60% of women with 
fecal incontinence also reported urinary incontinence [7].

Initial treatment of FI consists of nonsurgical approaches 
including dietary modification, stool bulking agents, biofeedback, 
and ruling out other causes of FI such as diarrhoea secondary to 
infectious, inflammatory, or malignant etiologies [8-11]. Soluble 
fiber (psyllium) and medications including loperamide and lomotil 
are common first-line therapies, though are not without side effects 
which can include gas, bloating, and constipation. Colonoscopy is 
often performed to evaluate for infectious or inflammatory causes 
of diarrhoea. Transanal irrigation has been described for treatment 
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examined long-term durability of SNS. One European group found 
that at a median follow up of seven years, 194 (71.3%) of 272 patients 
who had successful temporary testing and underwent permanent 
stimulator implantation sustained greater than 50% improvement 
in continence. Of the 272 patients, 136 patients (50%) sustained full 
continence [21]. One small series followed 23 patients for a median 
of 9.5 years following successful SNS placement. Of these, 12 (48%) 
patients maintained full continence at last follow up [22].

Mechanism of Action
How SNS effects improvement in FI has yet to be fully elucidated. 

One study by Leroi et al. examined whether the effects of SNS were 
due to placebo. After patients were successfully implanted with an 
SNS device, 27 were randomized to either an “on” or “off ” state of 
the stimulator for 1 month, and then were crossed over to the other 
setting. Patients were blinded to their randomized settings, and at the 
end of the crossover periods, they were allowed to determine which 
mode of stimulation they continued in for the final period. Outcomes 
during the crossover and final periods were measured, and the 
patients randomized to “on” had significantly greater improvement in 
incontinence episodes compared to baseline as well as “off ” setting, 
though the patients in the “off ” setting did not return to their baseline 
incontinence. The vast majority of patients chose to keep their devices 
in the “on” state. Taken together, these findings suggested against the 
placebo effect, and began to point to SNS exerting its effects on the 
storage and emptying reflexes of the pelvic bowel [23].

SNS mechanism of action was initially thought to be due to 
augmentation of anal sphincter function. This was in part because 
confirmation of correct lead placement yields an anal/perineal 
bellows response, which is due to levator muscle contraction and 
appears as a fluttering of the perianal area. Additionally, some earlier 
studies suggested increased anal sphincter tone. Despite mixed initial 
results, the majority of studies conclude that SNS does not increase the 
resting or squeeze tone of the anal sphincter [19,24]. Instead, current 
evidence points to SNS working on afferent (sensory) pathways, 
though whether this is via modulating somato-visceral reflexes or by 
moderating the perception of afferent signalling remains to be defined 
[25]. A recent study by Altomare et al. demonstrated that SNS takes 
advantage of neuroplasticity, restoring neural circuitry to its prior, 
pre-incontinence state. Its effects are in a sense memorized, at least 
for a short period. In this study, 19 patients with fecal and/or urinary 
incontinence who had successfully been treated with SNS for at least 
one year had their device turned off. Bowel and urinary diaries were 
recorded as were quality of life metrics. Devices were reactivated once 
patients developed symptom recurrence or became dissatisfied. At 
a median time of 3.4 months (range, 0.9-13.5 months) after device 
deactivation, 10 (53%) of patient required the stimulator to be turned 
back on. The remaining nine patients remained satisfied with their 
continence with the SNS switched off [26]. This provocative finding 
goes along with an observation in Leroi’s previously mentioned study, 
which was that patients crossed over to the “off ” position had some 
worsening in their continence but did not return to their baseline 
incontinence. In that case, patients maintained many of the benefits 
of SNS despite the device being off for one month’s time [23].

Candidates for SNS
Patients referred for SNS have moderate to severe FI and have 

failed traditional therapies. FI needs to be severe enough such that 
during the trial stimulation period, a greater than 50% improvement 
in episodes can be detected. However, the number of incontinent 
episodes cannot be the only prompt for SNS placement, as many 
patients so radically modify their life to eliminate these episodes, such 
as not eating for many hours prior to leaving the house, or remaining 
homebound. Working with patients to determine the number of 
episodes experienced while engaging in “normal” activities - what 
they would do if they did not have FI - is paramount to defining the 
severity of their FI.

Currently, SNS is approved for patients with sphincter deficits of 

up to 60 degrees who have failed traditional management. However, 
there is evidence of its efficacy in patients with larger sphincter 
defects. One study examined outcomes in 53 patients who had 
successful SNS placement, and grouped them by degree of external 
anal sphincter defect: no defect, up to 90 degrees, 90-120 degrees. 
Internal anal sphincter defects were similar across the groups. In 
evaluating incontinence episodes per week as well as quality of life 
scores, the authors found no significant different in outcomes between 
the groups, and similar clinical benefit regardless of sphincter defect 
size [27]. In evaluating patients with FI, therefore, not all patients need 
to undergo ultrasound evaluation to define their sphincter, though 
in some settings this may be required prior to insurance approval of 
device placement.

Emerging Indications
SNS is increasingly being used for FI associated with other 

etiologies such as rectal or pelvic surgery and pelvic radiation. 
Patients who undergo resection of part or all of their rectum, such 
as for a rectal cancer, are at risk for developing low anterior resection 
syndrome. This is a disabling set of symptoms characterized by fecal 
incontinence, frequency, and urgency, clustering of stools (numerous 
bowel movements within a few hours); and/or obstructive defecation. 
A handful of small case series have reported results in patients 
who have had rectal surgery with or without chemoradiation and 
underwent SNS to treat their low anterior resection syndrome. A 
review of seven case series found that on intention to treat analysis, 
74.4% of patients with low anterior resection syndrome had at least a 
50% improvement in incontinence episodes with SNS [28]. Overall, 
the results are promising, with many studies demonstrating clinically 
and statistically significant improvement in incontinence and quality 
of life scores, similar to those for other etiologies of FI [28,29].

Novel applications trialled include use in imperforate anus, Crohn’s 
disease, and irritable bowel syndrome (IBS). Patients with congenital 
imperforate anus undergo a surgery within the first few months of life 
whereby the anal opening is created in the middle of the sphincter 
muscle complex and a bowel-anal anastomosis is created. As they 
mature, many patients develop fecal incontinence due to inadequately 
developed sphincter muscles. A small case series reported on two 
patients with FI due to congenital imperforate anus; one achieved 
significant improvement in his symptoms whereas the other patient 
had no improvement and did not advance beyond the trial phase 
[30]. Complicating the performance of SNS in these two patients 
was that both had sacral agenesis, a common finding in imperforate 
anus, which limited the side on which the stimulating lead could 
be placed. Another case series demonstrated trends towards quality 
of life improvements in children undergoing SNS placement for FI 
[31]. Use of SNS in Crohn’s disease was presented in a case series of 
five patients with FI, sphincter disruption, and anoperineal lesions 
(abscess, fistula) due to Crohn’s disease. Patients underwent SNS 
placement and at a median follow up of 14 months, all five patients 
demonstrated at least a 50% improvement in their incontinence [32]. 
The role of SNS in IBS was investigated in a small pilot study in which 
six patients underwent temporary sacral nerve stimulation. All six 
had diarrhoea-predominant IBS. Scores of IBS severity and quality 
of life prior to and during the three week test period were evaluated, 
and statistically significant improvements were seen in all areas [33]. 
The same authors subsequently performed a randomized, controlled, 
blinded crossover study of SNS in patients with either diarrhoea-
predominant or mixed IBD. Patients underwent a temporary testing 
period whereby the stimulation was deemed successful if they had 
a reduction of at least 30% in their IBS symptom scores. Twenty 
patients had successful permanent implantation and completed the 
two-month crossover study, during which patients were randomized 
to either stimulator on or off for a one month period and then were 
switched to the other setting. The investigators again found significant 
improvements in IBS severity and IBS-specific quality of life scores 
during the stimulation period as compared to the off period [34].

Needing further investigation is the role of SNS in patients 
with constipation. A small number of studies have examined SNS 
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effects on colonic motility, rectal compliance, and rectal sensitivity, 
disorders of which can lead to constipation. Overall, the results are 
mixed. There is some evidence of improved transit time in patients 
with slow transit constipation as well as improved rectal sensitivity 
to distention, whereas rectal compliance so far does not seem to 
be altered by SNS [35]. Unfortunately, the underlying etiology of 
constipation varies significantly from an abdominal process (e.g. slow 
colonic transit) to a pelvic process (rectal hyposensitivity, paradoxical 
contraction, anal sphincter spasm, enterocele, etc.) and evaluating 
results of SNS in constipation is hampered by a failure to accurately 
define and distinguish the particular type of constipation suffered by 
studied patients. One recent study evaluating SNS in idiopathic slow 
transit constipation had more stringent eligibility criteria to exclude 
patients with pelvic functional and anatomic causes of constipation. 
The authors performed a blinded crossover trial where patients, 
after having been implanted with the permanent stimulator, were 
randomized to either sub-sensory stimulation (stimulation just below 
what patients could perceive) versus sham, and then to supra-sensory 
stimulation (at a level the patient could perceive) versus sham. Each 
testing period was three weeks interrupted by washout periods of 
two weeks. Only 16 of 55 patients undergoing permanent placement 
had demonstrated a response during the temporary lead placement, 
which was defined as having a bowel movement plus the sense of 
complete evacuation on more than two days per week for at least two 
weeks. The authors found that the temporary testing period had a 
sensitivity of 50%, as eight of the patients who initially responded did 
not have response during the permanent period. They did not identify 
any difference between sub-sensory stimulation and sham periods 
or between supra-sensory and sham, and concluded that SNS did 
not improve the frequency of bowel movements [36]. It is not clear, 
though, whether the time periods used in this study were long enough 
to detect differences. Additionally, it is difficult to conclude on the 
efficacy of permanent SNS placement when many of the group did not 
have response to temporary placement. Further delineation of which 
constipated patients benefit from SNS is needed.

As noted previously, there is significant overlap of urinary and 
fecal incontinence amongst patients. Given the success of SNS in 
each condition individually, its use in double incontinence has been 
appealing. The only series to examine results of SNS in patients 
prospectively identified as having both FI and urinary incontinence 
was by El-Gazzaz et al. In this series, 24 patients underwent permanent 
SNS placement after demonstrating at least 50% reduction in urinary 
symptoms during the trial period. Of these, 22 patients were followed 
for median of 28 months (range, 3-49). Seven patients (31.8%) 
sustained improvements in both urinary and fecal incontinence. 
Eleven patients (50%) had improvements in urinary symptoms, of 
which four patients (18.2%) had improvement in urinary symptoms 
alone. Ten patients (45.5%) had improvement in FI, of whom three 
patients (13.6%) had improvement in FI alone [37]. A series by 
Faucheron et al. examined outcomes in 57 patients undergoing 
SNS placement that were identified with either fecal or urinary 
incontinence and found on patient evaluation to have incontinence in 
the other system. Median follow up was 62.8 months (range, 15-116). 
At the end of the follow up period, 42 (73.7%) of patients reported 
satisfaction with results of SNS for both FI and UI. Of these patients, 
the median FI score improved by over 50%, and there was significant 
improvement in urge incontinence symptom profile [38]. Other series 
reporting on SNS for fecal incontinence with urinary incontinence as 
a secondary criterion have demonstrated a range of improvement in 
combined incontinence from 20-100% [39].

Conclusion
SNS continues to be a safe, well-tolerated, and durable treatment 

whose use has expanded from urinary incontinence to idiopathic and 
fecal incontinence. Its indications continue to evolve in patients with 
fecal incontinence from a variety of etiologies including low rectal 
and pelvic surgery and radiation, congenital abnormalities, as well as 
for those suffering combined incontinence. Continued studies into its 
mechanism of action will help guide successful implementation for 
future patients.

References
1.	 Brown HW, Wexner SD, Segall MM, Brezoczky KL, Lukacz ES (2012) 

Accidental bowel leakage in the mature women’s health study: prevalence 
and predictors. Int J Clin Pract 66: 1101-1108.

2.	 Macmillan AK, Merrie AE, Marshall RJ, Parry BR (2004) The prevalence of 
fecal incontinence in community-dwelling adults: a systematic review of the 
literature. Dis Colon Rectum 47: 1341-1349.

3.	 Whitehead WE, Borrud L, Goode PS, Meikle S, Mueller ER, et al. (2009) Fecal 
incontinence in US adults: epidemiology and risk factors. Gastroenterology 
137: 512-517.

4.	 Damon H, Guye O, Seigneurin A, Long F, Sonko A, et al. (2006) Prevalence 
of anal incontinence in adults and impact on quality-of-life. Gastroenterol Clin 
Biol 30: 37-43.

5.	 Edwards NI, Jones D (2001) The prevalence of faecal incontinence in older 
people living at home. Age Ageing 30: 503-507.

6.	 Fenner DE, Genberg B, Brahma P, Marek L, DeLancey JO (2003) Fecal and 
urinary incontinence after vaginal delivery with anal sphincter disruption in an 
obstetrics unit in the United States. Am J Obstet Gynecol 189: 1543-1549; 
discussion 1549-1550.

7.	 Roberts RO, Jacobsen SJ, Reilly WT, Pemberton JH, Lieber MM (1999) 
Prevalence of combined fecal and urinary incontinence: a community-based 
study. J Am Geriatr Soc 47: 837-841.

8.	 Cazemier M, Felt-Bersma RJ, Mulder CJ (2007) Anal plugs and retrograde 
colonic irrigation are helpful in fecal incontinence or constipation. World J 
Gastroenterol 13: 3101-3105.

9.	 Deutekom M, Dobben AC (2012) Plugs for containing faecal incontinence. 
Cochrane Database Syst Rev 4: CD005086.

10.	Norton C, Cody JD (2012) Biofeedback and/or sphincter exercises for the 
treatment of faecal incontinence in adults. Cochrane Database Syst Rev 7: 
CD002111.

11.	Omar MI, Alexander CE (2013) Drug treatment for faecal incontinence in 
adults. Cochrane Database Syst Rev 6: CD002116.

12.	Christensen P, Krogh K, Buntzen S, Payandeh F, Laurberg S (2009) Long-
term outcome and safety of transanal irrigation for constipation and fecal 
incontinence. Dis Colon Rectum 52: 286-292.

13.	Wang X, DaSilva G, Maron DJ, Cracco AJ, Wexner SD (2016) Outcomes of 
Reimplantation of the Artificial Bowel Sphincter. Dis Colon Rectum 59: 122-
126.

14.	Zutshi M, Tracey TH, Bast J, Halverson A, Na J (2009) Ten-year outcome 
after anal sphincter repair for fecal incontinence. Dis Colon Rectum 52: 1089-
1094.

15.	Maeda Y, Laurberg S, Norton C (2010) Perianal injectable bulking agents as 
treatment for faecal incontinence in adults. Cochrane Database Syst Rev 2: 
CD007959.

16.	Forte ML, Andrade KE, Lowry AC, Butler M, Bliss DZ, et al. (2016) Systematic 
Review of Surgical Treatments for Fecal Incontinence. Dis Colon Rectum 59: 
443-469.

17.	Matzel KE, Stadelmaier U, Hohenfellner M, Gall FP (1995) Electrical 
stimulation of sacral spinal nerves for treatment of faecal incontinence. 
Lancet 346: 1124-1127.

18.	Thaha MA, Abukar AA, Thin NN, Ramsanahie A, Knowles CH (2015) Sacral 
nerve stimulation for faecal incontinence and constipation in adults. Cochrane 
Database Syst Rev 8: CD004464.

19.	Tjandra JJ, Chan MK, Yeh CH, Murray-Green C (2008) Sacral nerve 
stimulation is more effective than optimal medical therapy for severe fecal 
incontinence: a randomized, controlled study. Dis Colon Rectum 51: 494-502.

20.	Hull T, Giese C, Wexner SD, Mellgren A, Devroede G, et al. (2013) Long-term 
durability of sacral nerve stimulation therapy for chronic fecal incontinence. 
Dis Colon Rectum 56: 234-245.

21.	Altomare DF, Giuratrabocchetta S, Knowles CH, Muñoz Duyos A, Robert-Yap 
J, et al. (2015) Long-term outcomes of sacral nerve stimulation for faecal 
incontinence. Br J Surg 102: 407-415.

22.	George AT, Kalmar K, Panarese A, Dudding TC, Nicholls RJ, et al. (2012) 
Long-term outcomes of sacral nerve stimulation for fecal incontinence. Dis 
Colon Rectum 55: 302-306.

23.	Leroi AM, Parc Y, Lehur PA, Mion F, Barth X, et al. (2005) Efficacy of sacral 
nerve stimulation for fecal incontinence: results of a multicenter double-blind 
crossover study. Ann Surg 242: 662-669.

24.	Carrington EV, Knowles CH (2011) The influence of sacral nerve stimulation 
on anorectal dysfunction. Colorectal Dis 13 Suppl 2: 5-9.

25.	Gourcerol G, Vitton V, Leroi AM, Michot F, Abysique A, et al. (2011) How 
sacral nerve stimulation works in patients with faecal incontinence. Colorectal 
Dis 13: e203-211.

http://www.ncbi.nlm.nih.gov/pubmed/23067034
http://www.ncbi.nlm.nih.gov/pubmed/23067034
http://www.ncbi.nlm.nih.gov/pubmed/23067034
http://www.ncbi.nlm.nih.gov/pubmed/15484348
http://www.ncbi.nlm.nih.gov/pubmed/15484348
http://www.ncbi.nlm.nih.gov/pubmed/15484348
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2748224/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2748224/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2748224/
http://www.ncbi.nlm.nih.gov/pubmed/16514381
http://www.ncbi.nlm.nih.gov/pubmed/16514381
http://www.ncbi.nlm.nih.gov/pubmed/16514381
http://www.ncbi.nlm.nih.gov/pubmed/11742780
http://www.ncbi.nlm.nih.gov/pubmed/11742780
http://www.ncbi.nlm.nih.gov/pubmed/14710059
http://www.ncbi.nlm.nih.gov/pubmed/14710059
http://www.ncbi.nlm.nih.gov/pubmed/14710059
http://www.ncbi.nlm.nih.gov/pubmed/14710059
http://www.ncbi.nlm.nih.gov/pubmed/10404928
http://www.ncbi.nlm.nih.gov/pubmed/10404928
http://www.ncbi.nlm.nih.gov/pubmed/10404928
http://www.ncbi.nlm.nih.gov/pubmed/17589927
http://www.ncbi.nlm.nih.gov/pubmed/17589927
http://www.ncbi.nlm.nih.gov/pubmed/17589927
http://www.ncbi.nlm.nih.gov/pubmed/22513927
http://www.ncbi.nlm.nih.gov/pubmed/22513927
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD002111.pub3/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD002111.pub3/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD002111.pub3/abstract
http://www.ncbi.nlm.nih.gov/pubmed/23757096
http://www.ncbi.nlm.nih.gov/pubmed/23757096
http://www.ncbi.nlm.nih.gov/pubmed/19279425
http://www.ncbi.nlm.nih.gov/pubmed/19279425
http://www.ncbi.nlm.nih.gov/pubmed/19279425
http://www.ncbi.nlm.nih.gov/pubmed/26734970
http://www.ncbi.nlm.nih.gov/pubmed/26734970
http://www.ncbi.nlm.nih.gov/pubmed/26734970
http://www.ncbi.nlm.nih.gov/pubmed/19581851
http://www.ncbi.nlm.nih.gov/pubmed/19581851
http://www.ncbi.nlm.nih.gov/pubmed/19581851
http://www.ncbi.nlm.nih.gov/pubmed/20464759
http://www.ncbi.nlm.nih.gov/pubmed/20464759
http://www.ncbi.nlm.nih.gov/pubmed/20464759
http://www.ncbi.nlm.nih.gov/pubmed/27050607
http://www.ncbi.nlm.nih.gov/pubmed/27050607
http://www.ncbi.nlm.nih.gov/pubmed/27050607
http://www.ncbi.nlm.nih.gov/pubmed/7475602
http://www.ncbi.nlm.nih.gov/pubmed/7475602
http://www.ncbi.nlm.nih.gov/pubmed/7475602
http://www.cochrane.org/CD004464/INCONT_sacral-nerve-stimulation-treating-faecal-incontinence-and-constipation-adults
http://www.cochrane.org/CD004464/INCONT_sacral-nerve-stimulation-treating-faecal-incontinence-and-constipation-adults
http://www.cochrane.org/CD004464/INCONT_sacral-nerve-stimulation-treating-faecal-incontinence-and-constipation-adults
http://www.ncbi.nlm.nih.gov/pubmed/18278532
http://www.ncbi.nlm.nih.gov/pubmed/18278532
http://www.ncbi.nlm.nih.gov/pubmed/18278532
http://www.ncbi.nlm.nih.gov/pubmed/23303153
http://www.ncbi.nlm.nih.gov/pubmed/23303153
http://www.ncbi.nlm.nih.gov/pubmed/23303153
http://www.ncbi.nlm.nih.gov/pubmed/25644687
http://www.ncbi.nlm.nih.gov/pubmed/25644687
http://www.ncbi.nlm.nih.gov/pubmed/25644687
http://www.ncbi.nlm.nih.gov/pubmed/22469797
http://www.ncbi.nlm.nih.gov/pubmed/22469797
http://www.ncbi.nlm.nih.gov/pubmed/22469797
http://www.ncbi.nlm.nih.gov/pubmed/16244539
http://www.ncbi.nlm.nih.gov/pubmed/16244539
http://www.ncbi.nlm.nih.gov/pubmed/16244539
http://www.ncbi.nlm.nih.gov/pubmed/21284795
http://www.ncbi.nlm.nih.gov/pubmed/21284795
http://www.ncbi.nlm.nih.gov/pubmed/21689312
http://www.ncbi.nlm.nih.gov/pubmed/21689312
http://www.ncbi.nlm.nih.gov/pubmed/21689312


• Page 4 of 4 •Hrabe et al, Obstet Gynecol cases Rev 2016, 3:088

26.	Altomare DF, Giannini I, Giuratrabocchetta S, Digennaro R (2013) The effects 
of sacral nerve stimulation on continence are temporarily maintained after 
turning the stimulator off. Colorectal Dis 15: e741-748.

27.	Chan MK, Tjandra JJ (2008) Sacral nerve stimulation for fecal incontinence: 
external anal sphincter defect vs. intact anal sphincter. Dis Colon Rectum 51: 
1015-1024; discussion 1024-1015.

28.	Ramage L, Qiu S, Kontovounisios C, Tekkis P, Rasheed S, et al. (2015) 
A systematic review of sacral nerve stimulation for low anterior resection 
syndrome. Colorectal Dis 17: 762-771.

29.	Thomas GP, Bradshaw E, Vaizey CJ (2015) A review of sacral nerve 
stimulation for faecal incontinence following rectal surgery and radiotherapy. 
Colorectal Dis 17: 939-942.

30.	Thomas GP, Nicholls RJ, Vaizey CJ (2013) Sacral nerve stimulation for faecal 
incontinence secondary to congenital imperforate anus. Tech Coloproctol 17: 
227-229.

31.	Sulkowski JP, Nacion KM, Deans KJ, Minneci PC, Levitt MA, et al. 
(2015) Sacral nerve stimulation: a promising therapy for fecal and urinary 
incontinence and constipation in children. J Pediatr Surg 50: 1644-1647.

32.	Vitton V, Gigout J, Grimaud JC, Bouvier M, Desjeux A, et al. (2008) Sacral 
nerve stimulation can improve continence in patients with Crohn’s disease 
with internal and external anal sphincter disruption. Dis Colon Rectum 51: 
924-927.

33.	Lundby L, Krogh K, Buntzen S, Laurberg S (2008) Temporary sacral nerve 
stimulation for treatment of irritable bowel syndrome: a pilot study. Dis Colon 
Rectum 51: 1074-1078.

34.	Fassov JL, Lundby L, Laurberg S, Buntzen S, Krogh K (2014) A randomized, 
controlled, crossover study of sacral nerve stimulation for irritable bowel 
syndrome. Ann Surg 260: 31-36.

35.	Carrington EV, Evers J, Grossi U, Dinning PG, Scott SM, et al. (2014) A 
systematic review of sacral nerve stimulation mechanisms in the treatment of 
fecal incontinence and constipation. Neurogastroenterol Motil 26: 1222-1237.

36.	Dinning PG, Hunt L, Patton V, Zhang T, Szczesniak M, et al. (2015) Treatment 
efficacy of sacral nerve stimulation in slow transit constipation: a two-phase, 
double-blind randomized controlled crossover study. Am J Gastroenterol 110: 
733-740.

37.	El-Gazzaz G, Zutshi M, Salcedo L, Hammel J, Rackley R, et al. (2009) Sacral 
neuromodulation for the treatment of fecal incontinence and urinary incontinence 
in female patients: long-term follow-up. Int J Colorectal Dis 24: 1377-1381.

38.	Faucheron JL, Chodez M, Boillot B (2012) Neuromodulation for fecal and 
urinary incontinence: functional results in 57 consecutive patients from a 
single institution. Dis Colon Rectum 55: 1278-1283.

39.	Chodez M, Trilling B, Thuillier C, Boillot B, Barbois S, et al. (2014) Results 
of sacral nerve neuromodulation for double incontinence in adults. Tech 
Coloproctol 18: 1147-1151.

http://www.ncbi.nlm.nih.gov/pubmed/24102954
http://www.ncbi.nlm.nih.gov/pubmed/24102954
http://www.ncbi.nlm.nih.gov/pubmed/24102954
http://www.ncbi.nlm.nih.gov/pubmed/18484136
http://www.ncbi.nlm.nih.gov/pubmed/18484136
http://www.ncbi.nlm.nih.gov/pubmed/18484136
http://www.ncbi.nlm.nih.gov/pubmed/25846836
http://www.ncbi.nlm.nih.gov/pubmed/25846836
http://www.ncbi.nlm.nih.gov/pubmed/25846836
http://www.ncbi.nlm.nih.gov/pubmed/26201673
http://www.ncbi.nlm.nih.gov/pubmed/26201673
http://www.ncbi.nlm.nih.gov/pubmed/26201673
http://www.ncbi.nlm.nih.gov/pubmed/23108388
http://www.ncbi.nlm.nih.gov/pubmed/23108388
http://www.ncbi.nlm.nih.gov/pubmed/23108388
http://www.ncbi.nlm.nih.gov/pubmed/25858097
http://www.ncbi.nlm.nih.gov/pubmed/25858097
http://www.ncbi.nlm.nih.gov/pubmed/25858097
http://www.ncbi.nlm.nih.gov/pubmed/18259815
http://www.ncbi.nlm.nih.gov/pubmed/18259815
http://www.ncbi.nlm.nih.gov/pubmed/18259815
http://www.ncbi.nlm.nih.gov/pubmed/18259815
http://www.ncbi.nlm.nih.gov/pubmed/18418655
http://www.ncbi.nlm.nih.gov/pubmed/18418655
http://www.ncbi.nlm.nih.gov/pubmed/18418655
http://www.ncbi.nlm.nih.gov/pubmed/24509204
http://www.ncbi.nlm.nih.gov/pubmed/24509204
http://www.ncbi.nlm.nih.gov/pubmed/24509204
http://www.ncbi.nlm.nih.gov/pubmed/25167953
http://www.ncbi.nlm.nih.gov/pubmed/25167953
http://www.ncbi.nlm.nih.gov/pubmed/25167953
http://www.ncbi.nlm.nih.gov/pubmed/25895520
http://www.ncbi.nlm.nih.gov/pubmed/25895520
http://www.ncbi.nlm.nih.gov/pubmed/25895520
http://www.ncbi.nlm.nih.gov/pubmed/25895520
http://www.ncbi.nlm.nih.gov/pubmed/19488765
http://www.ncbi.nlm.nih.gov/pubmed/19488765
http://www.ncbi.nlm.nih.gov/pubmed/19488765
http://www.ncbi.nlm.nih.gov/pubmed/23135587
http://www.ncbi.nlm.nih.gov/pubmed/23135587
http://www.ncbi.nlm.nih.gov/pubmed/23135587
http://www.ncbi.nlm.nih.gov/pubmed/25380739
http://www.ncbi.nlm.nih.gov/pubmed/25380739
http://www.ncbi.nlm.nih.gov/pubmed/25380739

	Title
	Corresponding author
	Abstract 
	Keywords
	Abbreviations
	Introduction
	Sacral Nerve Stimulation Results 
	Mechanism of Action 
	Candidates for SNS 
	Emerging Indications 
	Conclusion
	References

