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Abstract
BACKGROUND 
Fecal incontinence (FI) is an involuntary passage of fecal matter which can have a 
significant impact on a patient’s quality of life. Many modalities of treatment exist 
for FI. Sacral nerve stimulation is a well-established treatment for FI. Given the 
increased need of magnetic resonance imaging (MRI) for diagnostics, the In-
terStim which was previously used in sacral nerve stimulation was limited by 
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MRI incompatibility. Medtronic MRI-compatible InterStim was approved by the United States Food and Drug 
Administration in August 2020 and has been widely used.

AIM 
To evaluate the efficacy, outcomes and complications of the MRI-compatible InterStim.

METHODS 
Data of patients who underwent MRI-compatible Medtronic InterStim placement at UPMC Williamsport, 
University of Minnesota, Advocate Lutheran General Hospital, and University of Wisconsin-Madison was pooled 
and analyzed. Patient demographics, clinical features, surgical techniques, complications, and outcomes were 
analyzed. Strengthening the Reporting of Observational studies in Epidemiology(STROBE) cross-sectional 
reporting guidelines were used.

RESULTS 
Seventy-three patients had the InterStim implanted. The mean age was 63.29 ± 12.2 years. Fifty-seven (78.1%) 
patients were females and forty-two (57.5%) patients had diabetes. In addition to incontinence, overlapping 
symptoms included diarrhea (23.3%), fecal urgency (58.9%), and urinary incontinence (28.8%). Fifteen (20.5%) 
patients underwent Peripheral Nerve Evaluation before proceeding to definite implant placement. Thirty-two 
(43.8%) patients underwent rechargeable InterStim placement. Three (4.1%) patients needed removal of the 
implant. Migration of the external lead connection was observed in 7 (9.6%) patients after the stage I procedure. 
The explanation for one patient was due to infection. Seven (9.6%) patients had other complications like nerve pain, 
hematoma, infection, lead fracture, and bleeding. The mean follow-up was 6.62 ± 3.5 mo. Sixty-eight (93.2%) 
patients reported significant improvement of symptoms on follow-up evaluation.

CONCLUSION 
This study shows promising results with significant symptom improvement, good efficacy and good patient 
outcomes with low complication rates while using MRI compatible InterStim for FI. Further long-term follow-up 
and future studies with a larger patient population is recommended.

Key Words: Fecal incontinence; Sacral nerve stimulation; InterStim; Magnetic resonance imaging; Sacral neuromodulation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The advent of newer technology has improved the outcome of various diseases including FI. However, not all 
patients were able to get full access to this technology in part because of lack of adequate technology available. Moreover, 
the patients had to endure unwanted surgeries, especially ex-plantation of the stimulators in case magnetic resonance 
imaging (MRI) was needed. The introduction of a safe MRI-compatible sacral nerve stimulator has solved this problem. The 
MRI-compatibility is noted to be safe in specific MRI settings. The patients are benefited and the technology seems to 
besimilar to the previous technology available, however with this added benefit.

Citation: Katuwal B, Thorsen A, Kochar K, Bhullar R, King R, Drelichman ER, Mittal VK, Bhullar JS. Outcomes and efficacy of 
magnetic resonance imaging-compatible sacral nerve stimulator for management of fecal incontinence: A multi-institutional study. 
World J Radiol 2024; 16(2): 32-39
URL: https://www.wjgnet.com/1949-8470/full/v16/i2/32.htm
DOI: https://dx.doi.org/10.4329/wjr.v16.i2.32

INTRODUCTION
Fecal incontinence (FI) is an involuntary passage of feces or gas for at least a month duration in an individual who 
previously had control[1]. FI is relatively common and is an extremely debilitating condition affecting many individuals. 
The prevalence of the condition has been reported to be 1.6% to 15% depending upon age, sex and medical co-
morbidities. The majority of the cases are found in females and in institutionalized populations[2]. A United States-based 
study has shown prevalence of 8.3% in the non-institutionalized population[3], the incidence rising to almost 50% in 
institutionalized populations[4]. The condition can be a cause of extreme physical and emotional stress, and the psycho-
social stigma associated with the condition might be the cause of why so many patients do not seek early medical care[5].

FI can have many causes ranging from abnormalities in the pelvic floor muscles, rectal or anal sphincters to 
impairment of the function of the spinal cord, central nervous system or the autonomic nervous system[6]. FI is mostly 
managed conservatively with dietary modification, medications like loperamide or cholestyramine to control the 
diarrheal symptoms, and sometimes biofeedback[7]. Surgical options include sphincteroplasty or repair of the damaged 
sphincters, injection of bulking agents into the anorectal mucosa, neo sphincter placement, neuromodulation, and in the 

https://www.wjgnet.com/1949-8470/full/v16/i2/32.htm
https://dx.doi.org/10.4329/wjr.v16.i2.32


Katuwal B et al. Efficacy of MRI-compatible SNS: One-year review

WJR https://www.wjgnet.com 34 February 28, 2024 Volume 16 Issue 2

extreme of cases, fecal diversion with a colostomy[7].
Sacral neuromodulation, commonly termed sacral nerve stimulation has emerged as a treatment option for patients 

with FI. Sacral nerve stimulation is a second-line treatment in patients with FI when other conservative measures 
including fiber supplementation, biofeedback, and others fail to control the symptoms. It was initially developed as a 
treatment for urinary incontinence, specifically urge incontinence, by Tanagho and Schmidt in 1981[8]. Following 
promising results, it was introduced for the treatment of fecal incontinence by Matzel and group who published their 
results in 1995[9]. The modality of treatment for FI was approved by the United States Food and Drug Administration 
(FDA) in 2011. Since its introduction, it has been widely used in the United States and all around the world for the 
treatment of FI with excellent outcomes. The benefits and sustained effects shown by this therapy have even substan-
tiated it as a primary surgical treatment modality in most patients[10,11].

During the initial phases of this treatment, the tined leads that were used as a part of the device were not compatible 
with the magnetic resonance imaging (MRI) machines thus limiting its use in those populations who needed an MRI. MRI 
done in these patient groups has caused unwanted effects like heating and tissue damage, pain, shock, lead breakage, and 
permanent damage of the neurostimulator[12,13]. In those patient groups, either the sacral neuromodulation (SNM) 
treatment was not offered or lead removal was done in case MRI was needed. Approximately 15%-18% of SNM-
implanted patients have required an explantation of the device for a variety of reasons, one being patients requiring MRI
[14-17]. One study showed that almost 23% of total removals were attributed to patients requiring MRI[18]. Given the 
increasing use of MRI for diagnostic purposes, there was a strong need for the development of MRI-compatible tined 
lead. Subsequently, the MRI-compatible leads were developed by two companies, Axonic and Medtronic. They were 
recently approved by the Food and Drug Administration in 2019 and 2020 respectively and have been brought in to 
clinical use[19,20].

This multicentric study was aimed to evaluate the findings of the earliest use of MRI-compatible neuromodulator 
systems in the treatment of fecal incontinence.

MATERIALS AND METHODS
The study was a retrospective, multi-institutional analysis from 5 different centers utilizing the MRI-compatible 
InterStimTM sacral nerve stimulator in the treatment of fecal incontinence. Data of patients who underwent MRI-
compatible Medtronic InterStimTM (Minneapolis, United States) placement at UPMC Williamsport, University of 
Minnesota, Advocate Lutheran General Hospital, University of Wisconsin-Madison, and Providence Hospital was pooled 
and analyzed.

Procedure
All the patients with fecal incontinence in the study underwent the sacral nerve stimulation procedure as a staged 
procedure. The procedure consisted of a testing phase which included either peripheral nerve stimulation (PNE) or stage 
I tined lead placement. Following the successful testing phase, the patients underwent a permanent lead placement as a 
stage 2 procedure along with the impulse generator.

PNE: In peripheral nerve evaluation, the patient is placed in a prone position, and anatomic landmarks are used to 
help localize the S3 sacral nerve foramen. A needle is passed through the S3 sacral foramen and confirmed to be in the 
appropriate position if sensory responses are elicited by stimulating the needle. Under local anesthesia, a tingling or 
tapping sensation should be felt preferably within the perineal region. The temporary leads are left in place for 7 to 10 d 
and then easily removed. This stage can be done in the office under local anesthesia.

Stage 1 tined lead placement: This stage involves the placement of a permanent tined lead (with four electrodes) using 
anatomic landmarks and fluoroscopy. The lead is temporarily hooked up to an external power supply. Flexion of big toe 
and bellowing of the anal opening is seen with stimulation of the S3 nerves. This test stage offers a longer trial period of 2 
wk as opposed to 1 wk with a PNE. This procedure can be performed under intravenous sedation or general anesthesia.

Stage 2 permanent implantation of SNS device: After successful PNE or stage 1, this stage involves placement of the 
permanent lead along with a subcutaneously placed impulse generator.

Not all patients required PNE. Some patients underwent stage 1 Lead placement without the need for PNE. This was 
primarily by the surgeon’s discretion. Patients who underwent PNE underwent stage 2 without the need for stage 1. 
Sometimes, patients with an equivocal PNE require a stage 1 implant placement, however, this did not happen in our 
patient cohort.

Approval from the institutional review board was attained for the study. Patient demographics, clinical features, 
surgical technique, complications, and outcomes were analyzed. All patients had a defecation diary which was 
maintained pre and post-treatment. Wexner incontinence scores were evaluated in the pretreatment and the post-
treatment phase to evaluate the effectiveness of the treatment[21]. Percentages were identified for categorical data and the 
mean was calculated for continuous data. Data compilation and analysis was done using Statistical Package for the Social 
Sciences (SPSS) Version 20. The manuscript was completed following STROBE cross-sectional reporting guidelines[22].

RESULTS
A total of 73 patients underwent the implantation of the MRI-compatible InterStimTM. The mean age of patients was 63.29 
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± 12.2 years. Fifty-seven (78.1%) patients were females and forty-two (57.5%) patients had diabetes. All patients had 
bothersome fecal incontinence and had failed conservative management including fiber supplementation and 
biofeedback at which point they were offered sacral neuromodulation. In addition to incontinence, other overlapping 
symptoms included diarrhea (23.3%), fecal urgency (58.9%), and concomitant urinary incontinence (28.8%) (Table 1). 
Fifteen (20.5%) patients underwent PNE before proceeding to a definite implant placement. Thirty-two (43.8%) 
underwent rechargeable InterStimTM placement (Table 2). Complications of lead migration during the procedure were 
seen in 7 patients and subsequently, a slight adjustment in the procedural step was done in 10 cases by one surgeon, 
which included suturing the lead to the subcutaneous tissue. Complications were seen in 7 (9.6%) patients which 
included nerve pain, hematoma, infection, lead fracture, and bleeding (Table 3). 3 (4.1%) had their implants removed 
(Table 4). One patient required explantation due to infection, the others were for lead fracture and no improvement in 
symptoms. The mean follow-up was 6.62 ± 3.5 mo (mean ± SD). Sixty-eight (93.2%) patients reported significant 
improvement of symptoms on follow-up evaluation (Table 1 and Figure 1).

DISCUSSION
Since the introduction of sacral nerve stimulation, this modality has been increasingly used for the treatment of fecal 
incontinence. Multiple studies across multiple countries have consistently shown its long-term efficacy in the 
management of FI[10,11]. There was a long-term study done at the University of Minnesota where the previously 
available InterStim system was evaluated. This study was done on 133 patients with a mean age of 60.5 years with a mean 
duration of incontinence symptoms of 7 years. The mean length of follow-up in this study was 3.1 years with 83% 
completing all or part of the 3 years follow-up assessment. At 3 years follow-up, 86% of patients reported improvement in 
symptoms of incontinence > 50%. The common adverse events related to the device and therapy were pain (28%), 
paresthesia (15%), change in sensation of stimulation (12%) and infection (10%)[10]. This is almost comparable to the 
current study done in multi-institutional data on the MRI-compatible system, albeit in the short term. Our study did 
show that the MRI-compatible system is at least in the short term comparable to the previously available system.

There were other studies with the previously available InterStim system as well. A similar study from Hull et al[11] 
showed an 89% sustained effect at 5 years showing clear effectiveness of sacral neuromodulation in the treatment of fecal 
incontinence. A systematic review on sacral nerve stimulation for FI analyzing six previous studies also showed an 
improvement in continence in a proportion of patients with fecal incontinence[23]. With increased utilization of the MRI 
for diagnostics, a need for an MRI-safe technology was warranted. Previously available InterStim I and II systems were 
conditionally MRI-compatible. These available leads were not recommended to be used with MRI below the head or for 
full-body scanning[24]. The availability of the MRI-compatible InterStim has provided a newer dimension to the 
treatment of fecal incontinence and provided hope to so many patients in whom the therapy was not possible a few years 
ago.

Adverse events such as device malfunction, unintended stimulation, and thermal burns have been reported when the 
patients were scanned with the implanted devices that were available previously[12]. All the adverse events can have a 
negative impact on patient care and health care delivery. Device malfunction or damage might lead to loss of therapy and 
ultimately need for device replacement or explantation, adding the burden on patients and the healthcare system. 
Unintended stimulation can occur by induced current release from the electrode, which can cause discomfort or even 
pain[12]. The most worrisome adverse effect is the heating of the electrodes with an increased risk of thermal burns. With 
all these reported adverse events, MRI scans therefore were not recommended in the presence of these SNS devices when 
performed below the head[24].

Although smaller off-label MRI scanning outside of the manufacturer’s recommendations for the previously available 
InterStim systems have been done with careful precautions showing no adverse effects, these studies should be very 
carefully interpreted[25-27]. Generalized conclusions about MRI safety based upon these studies with off-label use would 
be very dangerous and is not recommended[28].

With increased research and rigorous testing, Medtronic introduced the InterStim Micro and SureScan leads which was 
approved by the FDA in 2020. These systems were MRI-compatible in certain conditions.

Table 5 shows the key parameters for full-body MRI scans using Medtronic InterStim systems which are MRI-
compatible (Table 5)[12].

The introduction of this technology has offered wider flexibility in MRI scanning protocols and is likely going to 
improve patient access to MRI. It ultimately serves to benefit the patient population and alleviate burdens in clinical 
practices.

We did encounter adverse effects with the system which were at least comparable, if not better with the evidence 
available on the previously available InterStim (Supplementary Table 1). This should be interpreted with caution as our 
study period is significantly shorter than the previously available studies. Using the newer technology did come with 
some technical challenges. There was a clear identification of migration of lead which was more frequent than the older 
InterStim lead because of the miniature size of the lead which required a different technique to place the leads. However, 
the challenge was overcome by a change in the technique wherein the lead was sutured to the subcutaneous tissue.

Our study comes with clear limitations. The retrospective nature of the study comes with its inherent limitations. This 
study has only highlighted short-term outcomes and further long-term follow-up and analysis is needed to see if this 
technology fares similar to its previous counterpart in the long term.

Our study is the first of its kind to evaluate the safety and effectiveness of MRI-compatible InterStimTM devices in 
clinical practice. Our study has shown that it can safely be used with similar efficacy and similar adverse effects as 

https://f6publishing.blob.core.windows.net/5ef64e8e-ef81-4a8d-aa86-4c256a7cd2ce/WJR-16-32-supplementary-material.pdf
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Table 1 Baseline characteristics of patient undergoing sacral nerve stimulation using magnetic resonance imaging-compatible 
InterStimTM system

Variable/Characteristics Percentage mean ± SD

Sex as F/M 78.1/18.1 -

Diabetes 57.5 -

Fecal incontinence 98.6 -

Diarrhea 22.1 -

Urinary incontinence 28.8 -

Age in yr - 63.29 ± 12.2

Follow-up in month - 6.62 ± 3.5

F: Female; M: Male; SD: Standard deviation.

Table 2 Characteristics of procedures done during sacral nerve stimulation

Intervention performed Percentage Remarks

Procedure

    Peripheral nerve evaluation 20.5 -

    Stage 1 f/by full implant 76.7 -

    Stage 1 only 1.4 Patient did not show good response

Rechargeable InterStimTM 43.8 -

Remark: One patient decided to not go ahead with Stage 2 after a PNE.

Table 3 Complications or adverse events related to the InterStimTM placement

Complications/Adverse events Percentage Number

Intraoperative lead migration 9.6 7

Infection 1.4 1

Hematoma 1.4 1

Nerve pain 2.8 2

Retained lead/fracture 2.8 2

Did not work 1.4 1

Table 4 Further modification of technique and removal of leads related to the complications

Interventions Percentage Number

Change of technique1 12.98 10

Removal of leads 4.1 32

1Suture lead to subcutaneous.
2Infection (n = 1); Lead fracture (n = 1); Did not work (n = 1).

compared to previously available devices. Moreover, the efficacy of the available devices has been shown to be close to 
other studies at 93.2%. Longer follow-up is needed to assess if beneficial effects are persistent at 3 to 5 years.
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Table 5 Parameters for full body magnetic resonance imaging scans in presence of Medtronic InterStim with SureScan leads (Adapted 
from Huang X et al[12])

Scanner strength 1.5T 3T

SAR limit in W/kg 2 1.4

B1 +rms Limit in µT 4 2

Allowed continuous scan time 30 min 30 min

Wait time 5 min 5 min

Abbreviations: MRI, Magnetic Resonance Imaging; rms, root mean square; SAR, specific absorption rate; T, Tesla

Figure 1 Showing improvement of symptoms at follow-up.

CONCLUSION
This is the first study to evaluate the use and efficacy of MRI-compatible InterStimTM in clinical practice. This study 
showed that the intervention can be done with no added adverse effects or complications. Although initial studies show 
that the leads are safe to be used in patients undergoing full-body MRI scans, studies with large sample data will be 
required in the future to evaluate further.

ARTICLE HIGHLIGHTS
Research background
Fecal incontinence is a disease condition with significant morbidity and social stigmata. Many modalities are used in its 
treatment and sacral nerve stimulation, lately has been widely accepted as the second line treatment, after the conser-
vative measures fail. Sacral nerve stimulation has been shown to be beneficial in short and long term studies. However, 
one limitation of its use in the past was concurrent use with magnetic resonance imaging (MRI), which was considered 
unsafe if used for MRI below the head. Almost 23% of the removals of implants was because the patient required MRI. 
For this reason, multiple tests and innovation was done and a newer tined lead was developed which was safe to be used 
with MRI under specific settings. This was United States Food and Drug Administration approved for use in 2020. Our 
study is to evaluate the efficacy and outcomes of using this recently available treatment modality in fecal incontinence.

Research motivation
Main topics we are trying to deal with are: (1) Does the currently available tined lead (InterStim), which is safe to use in 
MRI, reciprocate the outcomes and efficacy to the previously available tined lead (InterStim); (2) Any new challenges 
were faced related to the currently available tined lead. The study is important as this would definitely help us take a leap 
forward in the management of fecal incontinence. If the outcomes are similar to the previously available system, this will 
give more confidence to the providers and also will provide benefits to patients.
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Research objectives
The objective of this study was to evaluate whether the currently available MRI compatible sacral nerve stimulation 
system is as efficacious and as safe as the previously available system. At least in the short term, the efficacy is good with 
a similar safety profile. However, future research including longer follow up results from the current study and future 
studies with a larger sample size will be needed to further substantiate the findings.

Research methods
This was a retrospective analysis of prospectively collected data from multiple institutions. SPSS 20 was used for data 
analysis. Descriptive statistics were done including frequencies, percentages, and means were calculated from the data.

Research results
The mean age was 63 years old. There were concomitant symptoms of diarrhea in 23%, fecal urgency in 58.9% and 
urinary incontinence in 28.5% of the patients. Patients either underwent peripheral nerve stimulation (PNE) or stage 1 as 
the first procedure followed by stage 2 of implant placement. 15 (20.5%) patients underwent PNE before proceeding to a 
permanent implant. One important adverse event noted was an external lead connection migration, which was seen in 7 
(9.6%) patients after stage 1 procedure. One patient required explantation due to infection, 7 (9.6%) patients had complic-
ations which were nerve pain, hematoma, infection, lead fracture and bleeding. Mean follow up was 6.62 months and 
93.2% patients reported significant improvement of symptoms. These findings at least in the short term are efficacious 
and safe as the preciously available system, however, long term data and future studies with increased power are needed.

Research conclusions
A new theory that this study proposes is that the newer tined lead (InterStim) for treatment of fecal incontinence is as 
efficacious and has similar safety profiles as compared to the previously available system.

Research perspectives
The direction of the future research should be towards conducting more high powered studies, including evaluating the 
newer system with the MRI usage to see whether the safety with the MRI can be substantiated.

FOOTNOTES
Author contributions: Katuwal B, Bhullar JS contributed equally to the design, analysis, and manuscript preparation; Thorsen A, King R, 
Kochar K, and Drelichman E contributed equally to data acquisition and manuscript writing; Bhullar R, and Mittal V contributed to the 
manuscript writing and data analysis portion of the study; All authors have read and approved the final manuscript.

Institutional review board statement: The study was exempted by the Institutional Review Board at Providence Hospital. No patient 
identifiers were used for the data acquisition or analysis.

Informed consent statement: Consent was not needed as the study was retrospective without exposure to the patients’ data.

Conflict-of-interest statement: No conflict of interest noted for any authors at the time of the study. This study was presented at the 
American Society of Colon and Rectal Surgeons Conference held in Tampa, Florida in 2022 and was published as an abstract. This study 
was also presented at the Fecal Incontinence and Obstructed Defecation Conference in 2022 which was held in Rome, Italy.

Data sharing statement: The dataset was made available from the corresponding author. This was retrospective data, so consent was 
waived. The presented data are anonymized and risk of identification is low.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (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: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Binit Katuwal 0000-0002-9320-9414; Jasneet Singh Bhullar 0000-0003-2847-7751.

S-Editor: Liu JH 
L-Editor: Filipodia 
P-Editor: Zhao S

REFERENCES
Whitehead WE, Wald A, Norton NJ. Treatment options for fecal incontinence. Dis Colon Rectum 2001; 44: 131-42; discussion 142 [PMID: 1

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-9320-9414
http://orcid.org/0000-0002-9320-9414
http://orcid.org/0000-0003-2847-7751
http://orcid.org/0000-0003-2847-7751


Katuwal B et al. Efficacy of MRI-compatible SNS: One-year review

WJR https://www.wjgnet.com 39 February 28, 2024 Volume 16 Issue 2

11805574 DOI: 10.1007/BF02234835]
2 Hughes BT, Chepyala P, Hendon S, Crowell MD, Olden KW. Fecal incontinence in an inpatient population: a not uncommon finding. Dig Dis 

Sci 2009; 54: 2215-2219 [PMID: 19058001 DOI: 10.1007/s10620-008-0592-4]
3 Whitehead WE, Borrud L, Goode PS, Meikle S, Mueller ER, Tuteja A, Weidner A, Weinstein M, Ye W; Pelvic Floor Disorders Network. 

Fecal incontinence in US adults: epidemiology and risk factors. Gastroenterology 2009; 137: 512-517, 517.e1 [PMID: 19410574 DOI: 
10.1053/j.gastro.2009.04.054]

4 Nelson RL. Epidemiology of fecal incontinence. Gastroenterology 2004; 126: S3-S7 [PMID: 14978632 DOI: 10.1053/j.gastro.2003.10.010]
5 Dunivan GC, Heymen S, Palsson OS, von Korff M, Turner MJ, Melville JL, Whitehead WE. Fecal incontinence in primary care: prevalence, 

diagnosis, and health care utilization. Am J Obstet Gynecol 2010; 202: 493.e1-493.e6 [PMID: 20223447 DOI: 10.1016/j.ajog.2010.01.018]
6 Katuwal B, Bhullar J. Current Position of Sacral Neuromodulation in Treatment of Fecal Incontinence. Clin Colon Rectal Surg 2021; 34: 22-

27 [PMID: 33536846 DOI: 10.1055/s-0040-1714247]
7 Norton C, Thomas L, Hill J; Guideline Development Group. Management of faecal incontinence in adults: summary of NICE guidance. BMJ 

2007; 334: 1370-1371 [PMID: 17600027 DOI: 10.1136/bmj.39231.633275.AD]
8 Lombardi G, Del Popolo G. Clinical outcome of sacral neuromodulation in incomplete spinal cord injured patients suffering from neurogenic 

lower urinary tract symptoms. Spinal Cord 2009; 47: 486-491 [PMID: 19238164 DOI: 10.1038/sc.2008.172]
9 Matzel KE, Stadelmaier U, Hohenfellner M, Gall FP. Electrical stimulation of sacral spinal nerves for treatment of faecal incontinence. Lancet 

1995; 346: 1124-1127 [PMID: 7475602 DOI: 10.1016/S0140-6736(95)91799-3]
10 Mellgren A, Wexner SD, Coller JA, Devroede G, Lerew DR, Madoff RD, Hull T; SNS Study Group. Long-term efficacy and safety of sacral 

nerve stimulation for fecal incontinence. Dis Colon Rectum 2011; 54: 1065-1075 [PMID: 21825885 DOI: 10.1097/DCR.0b013e31822155e9]
11 Hull T, Giese C, Wexner SD, Mellgren A, Devroede G, Madoff RD, Stromberg K, Coller JA; SNS Study Group. Long-term durability of 

sacral nerve stimulation therapy for chronic fecal incontinence. Dis Colon Rectum 2013; 56: 234-245 [PMID: 23303153 DOI: 
10.1097/DCR.0b013e318276b24c]

12 Huang X, Jiang GJ. Magnetic resonance imaging interactions with a sacral neuromodulation system. Neurourol Urodyn 2021; 40: 1862-1868 
[PMID: 34487571 DOI: 10.1002/nau.24756]

13 Chermansky CJ, Krlin RM, Holley TD, Woo HH, Winters JC. Magnetic resonance imaging following InterStim®: an institutional experience 
with imaging safety and patient satisfaction. Neurourol Urodyn 2011; 30: 1486-1488 [PMID: 21780166 DOI: 10.1002/nau.21147]

14 Agnello M, Vottero M, Bertapelle P. Removal of sacral neuromodulation quadripolar tined-lead using a straight stylet: description of a surgical 
technique. Tech Coloproctol 2021; 25: 957-963 [PMID: 33886009 DOI: 10.1007/s10151-020-02403-6]

15 Blandon RE, Gebhart JB, Lightner DJ, Klingele CJ. Re-operation rates after permanent sacral nerve stimulation for refractory voiding 
dysfunction in women. BJU Int 2008; 101: 1119-1123 [PMID: 18190624 DOI: 10.1111/j.1464-410X.2007.07426.x]

16 Gevelinger MM, Sanderson DJ, Jaworski E, Doyle PJ. Evaluation of Sacral Nerve Stimulation Device Revision and Explantation in a Single 
Center, Multidisciplinary Study. Neuromodulation 2020; 23: 1201-1206 [PMID: 31697433 DOI: 10.1111/ner.13050]

17 Shih C, Miller JL, Fialkow M, Vicars BG, Yang CC. Reoperation after sacral neuromodulation therapy: a single-institution experience. Female 
Pelvic Med Reconstr Surg 2013; 19: 175-178 [PMID: 23611937 DOI: 10.1097/SPV.0b013e31828ab3c9]

18 Lloyd JC, Gill BC, Pizarro-Berdichevsky J, Goldman HB. Removal of Sacral Nerve Stimulation Devices for Magnetic Resonance Imaging: 
What Happens Next? Neuromodulation 2017; 20: 836-840 [PMID: 29024404 DOI: 10.1111/ner.12700]

19 Medtronic Receives FDA Approval for Expanded MRI Labeling of InterStimTM SureScanTM MRI Leads. Feb 18, 2021. (n.d.). Retrieved 
October 14, 2022. Available from: https://news.medtronic.com/2021-02-18-Medtronic-Receives-FDA-Approval-for-Expanded-MRI-Labeling-
of-InterStim-TM-SureScan-TM-MRI-Leads

20 FDA approves Axonics sacral neuromod for FI - MassDevice. (n.d.). Retrieved October 14, 2022. Available from: https://www.massdevice.
com/fda-approves-axonics-sacral-neuromod-for-oab/

21 Jorge JM, Wexner SD. Etiology and management of fecal incontinence. Dis Colon Rectum 1993; 36: 77-97 [PMID: 8416784 DOI: 
10.1007/BF02050307]

22 Abeysena C.   Strengthening the reporting of observational studies in epidemiology (STROBE) statement: New guidelines for reporting 
observational studies. Journal of the College of Community Physicians of Sri Lanka, 13(2). 2008. Available from: www.strobe-statement.org

23 Thaha MA, Abukar AA, Thin NN, Ramsanahie A, Knowles CH. Sacral nerve stimulation for faecal incontinence and constipation in adults. 
Cochrane Database Syst Rev 2015; 2015: CD004464 [PMID: 26299888 DOI: 10.1002/14651858.CD004464.pub3]

24 Medtronic Receives FDA Approval for Expanded MRI Labeling of InterStimTM SureScanTM MRI Leads - Feb 18, 2021. (n.d.). Retrieved 
October 14, 2022. Available from: https://news.medtronic.com/2021-02-18-Medtronic-Receives-FDA-Approval-for-Expanded-MRI-Labeling-
of-InterStim-TM-SureScan-TM-MRI-Leads

25 Elkelini MS, Hassouna MM. Safety of MRI at 1.5Tesla in patients with implanted sacral nerve neurostimulator. Eur Urol 2006; 50: 311-316 
[PMID: 16530923 DOI: 10.1016/j.eururo.2006.02.011]

26 Alsyouf M, Keheila M, Marinone M, Blackburn A, Staack A. Magnetic resonance imaging of the ankle performed on an InterStim patient. Can 
J Urol 2016; 23: 8168-8170 [PMID: 26892060]

27 Guzman-Negron JM, Pizarro-Berdichevsky J, Gill BC, Goldman HB. Can Lumbosacral Magnetic Resonance Imaging be Performed Safely in 
Patients with a Sacral Neuromodulation Device? An In Vivo Prospective Study. J Urol 2018; 200: 1088-1092 [PMID: 29852181 DOI: 
10.1016/j.juro.2018.05.095]

28 Russo RJ, Lampert R, Birgersdotter-Gree U. Risks of MRI in Patients with a Pacemaker or Defibrillator. N Engl J Med 2017; 376: 2495-2496 
[PMID: 28636860 DOI: 10.1056/NEJMc1704179]

http://www.ncbi.nlm.nih.gov/pubmed/11805574
https://dx.doi.org/10.1007/BF02234835
http://www.ncbi.nlm.nih.gov/pubmed/19058001
https://dx.doi.org/10.1007/s10620-008-0592-4
http://www.ncbi.nlm.nih.gov/pubmed/19410574
https://dx.doi.org/10.1053/j.gastro.2009.04.054
http://www.ncbi.nlm.nih.gov/pubmed/14978632
https://dx.doi.org/10.1053/j.gastro.2003.10.010
http://www.ncbi.nlm.nih.gov/pubmed/20223447
https://dx.doi.org/10.1016/j.ajog.2010.01.018
http://www.ncbi.nlm.nih.gov/pubmed/33536846
https://dx.doi.org/10.1055/s-0040-1714247
http://www.ncbi.nlm.nih.gov/pubmed/17600027
https://dx.doi.org/10.1136/bmj.39231.633275.AD
http://www.ncbi.nlm.nih.gov/pubmed/19238164
https://dx.doi.org/10.1038/sc.2008.172
http://www.ncbi.nlm.nih.gov/pubmed/7475602
https://dx.doi.org/10.1016/S0140-6736(95)91799-3
http://www.ncbi.nlm.nih.gov/pubmed/21825885
https://dx.doi.org/10.1097/DCR.0b013e31822155e9
http://www.ncbi.nlm.nih.gov/pubmed/23303153
https://dx.doi.org/10.1097/DCR.0b013e318276b24c
http://www.ncbi.nlm.nih.gov/pubmed/34487571
https://dx.doi.org/10.1002/nau.24756
http://www.ncbi.nlm.nih.gov/pubmed/21780166
https://dx.doi.org/10.1002/nau.21147
http://www.ncbi.nlm.nih.gov/pubmed/33886009
https://dx.doi.org/10.1007/s10151-020-02403-6
http://www.ncbi.nlm.nih.gov/pubmed/18190624
https://dx.doi.org/10.1111/j.1464-410X.2007.07426.x
http://www.ncbi.nlm.nih.gov/pubmed/31697433
https://dx.doi.org/10.1111/ner.13050
http://www.ncbi.nlm.nih.gov/pubmed/23611937
https://dx.doi.org/10.1097/SPV.0b013e31828ab3c9
http://www.ncbi.nlm.nih.gov/pubmed/29024404
https://dx.doi.org/10.1111/ner.12700
https://news.medtronic.com/2021-02-18-Medtronic-Receives-FDA-Approval-for-Expanded-MRI-Labeling-of-InterStim-TM-SureScan-TM-MRI-Leads
https://news.medtronic.com/2021-02-18-Medtronic-Receives-FDA-Approval-for-Expanded-MRI-Labeling-of-InterStim-TM-SureScan-TM-MRI-Leads
https://www.massdevice.com/fda-approves-axonics-sacral-neuromod-for-oab/
https://www.massdevice.com/fda-approves-axonics-sacral-neuromod-for-oab/
http://www.ncbi.nlm.nih.gov/pubmed/8416784
https://dx.doi.org/10.1007/BF02050307
http://www.strobe-statement.org
http://www.ncbi.nlm.nih.gov/pubmed/26299888
https://dx.doi.org/10.1002/14651858.CD004464.pub3
https://news.medtronic.com/2021-02-18-Medtronic-Receives-FDA-Approval-for-Expanded-MRI-Labeling-of-InterStim-TM-SureScan-TM-MRI-Leads
https://news.medtronic.com/2021-02-18-Medtronic-Receives-FDA-Approval-for-Expanded-MRI-Labeling-of-InterStim-TM-SureScan-TM-MRI-Leads
http://www.ncbi.nlm.nih.gov/pubmed/16530923
https://dx.doi.org/10.1016/j.eururo.2006.02.011
http://www.ncbi.nlm.nih.gov/pubmed/26892060
http://www.ncbi.nlm.nih.gov/pubmed/29852181
https://dx.doi.org/10.1016/j.juro.2018.05.095
http://www.ncbi.nlm.nih.gov/pubmed/28636860
https://dx.doi.org/10.1056/NEJMc1704179


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Procedure

	RESULTS
	DISCUSSION
	CONCLUSION
	ARTICLE HIGHLIGHTS
	Research background
	Research motivation
	Research objectives
	Research methods
	Research results
	Research conclusions
	Research perspectives

	FOOTNOTES
	REFERENCES

