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ffect of Pelvic Floor
nterferential Electrostimulation
n Urodynamic Parameters and
ncontinency of Children With
yelomeningocele and Detrusor Overactivity

bdol-Mohammad Kajbafzadeh, Lida Sharifi-Rad, Nima Baradaran, and Farideh Nejat

BJECTIVES To evaluate safety and efficacy of transcutaneous interferential (IF) electrostimulation on
voiding symptoms and urodynamic variables in children with myelomeningocele (MMC)-
induced refractory neurogenic detrusor overactivity.

ETHODS Thirty MMC children (18 girls, 12 boys; mean age 5.6 � 2.7) with moderate to severe intractable
incontinency, detrusor overactivity, and high maximal detrusor end-fill pressure were enrolled
and then randomly allocated to treatment (IF stimulation, 20 children) and control (sham
stimulation, 10 children) groups. They underwent urodynamic study (UDS) before and after IF
and 6 months later, with attention to mean maximal detrusor pressure (MMDP), maximum
bladder capacity (MBC), mean detrusor compliance (MDC), postvoiding residue (PVR), and
detrusor sphincter dyssynergia (DSD). Daily incontinence score, voiding frequency, and enuresis
were also assessed. Eighteen courses of pelvic floor IF electrostimulation for 20 minutes 3 times
per week were performed with low-frequency current, duration of 250 microseconds, and
repetition time of 6.6 seconds.

ESULTS Of the UDS parameters in the treatment group immediately after IF implication, MMDP, PVR,
and DSD significantly improved compared with sham stimulation and pretreatment measures
(P � .05). In the treatment group, 78% patients gained continence immediately after IF therapy
and 60% had persistent continence for 6 months (P � .05). Immediately after IF treatment,
urinary frequency and enuresis also improved (P � .05), with a statistically significant difference
between the 2 groups.

ONCLUSIONS This study demonstrated that noninvasive IF therapy is effective in improving voiding symptoms
including incontinence and UDS parameters of MMC children with neurogenic detrusor
overactivity. The clinical beneficial implication of this modality is yet to be determined in larger

studies. UROLOGY xx: xxx, xxxx. © 2009 Elsevier Inc.
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yelomeningocele (MMC) is part of neural tube
defect spectrum arising from posterior neuro-
pore closure failure during gestation, with an

ncidence of 1.6 per 1000 live births in Iran.1 Urologic
anagement of children who are suffering is of para-
ount importance because renal failure continues to be

he leading cause of death in patients after the first year
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f life.2 Neurogenic detrusor overactivity (NDO) is a
rimary urodynamic diagnosis in these children, with the
verall incidence of 57% in newborn period (22%-75%,
epending on the level of spinal involvement) and, along
ith high probability of sphincter detrusor dyssynergia in
ffected children, could lead to incontinency, high intra-
esical pressure, hydronephrosis, and ultimately upper
rinary tract deterioration.3 Anticholinergic medication
long with clean intermittent catheterization (CIC) and
nfection prophylaxis are the mainstay of treatment in
hese patients.

For several decades, numerous methods of electro-
timulation (ES) of nerves or muscles have been used as
n alternative treatment option for urinary complaints,
ith as high as 50%4 clinical improvement.5-9 Interfer-

ntial (IF) current, a form of electrical stimulation using
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edium-frequency currents with a sinusoidal wave-

orm,10 has already been used to strengthen the pelvic
oor to treat urinary incontinence caused by overactive
ladder,11 especially in females with stress incontinence,
nd also for pain control and wound healing in adults.12

In spite of some previous studies evaluating IF therapy
n voiding dysfunction,12,13 to our knowledge, therapeu-
ic efficacy of this modality has not been investigated to
anage patients with bladder complaints mainly conse-

uent to structural abnormality of spinal cord exclusively
n pediatric population. Herein, we present the results of
clinical trial using IF current in patients with MMC and

efractory NDO to evaluate safety and its efficacy on
ncontinence and urodynamic study (UDS) variables of
hese children for a minimum of 6 months after the
rocedure.

ATERIAL AND METHODS

he investigation protocol was approved by the local ethics
ommittee at Tehran University of Medical Sciences. Details of
he project were explained to children’s caregivers and patients
when possible), and written informed consent was obtained
rom all participants. Children with additional neurologic ab-
ormalities other than MMC consequences, as evaluated by our
ediatric neurosurgeon, were excluded. All patients were as-
essed by a pediatric urology specialist before and during the
ollow-up sessions, and children with underlying medical con-
itions (metabolic diseases, anorectal and urogenital malforma-
ions, previous urogenital surgery) were excluded before the
nitiation of the project. Children with new onset signs of upper
rinary tract compromise on routine urologic evaluation (kid-
ey ultrasonography, urinary sediment test) were addressed
romptly and were considered as failure in the final analysis.
hey were all instructed on how to compile a voiding diary;
aily incontinence score was assessed and data were gathered on
ach visit during the follow-up period. Frequency was defined as
he number of wetting episodes between 2 consecutive CICs,
nd enuresis was the number of nights that the child involun-
arily micturates during sleep in a 1-week period. The daily
ncontinence score was recorded on a scale of 0-3, as described
y Schurch et al.14: score 0, completely dry; 1, wet once a day,
sually at night (mild); 2, wet for �50% of the time between
IC (moderate); and 3, wet for �50% of the time between CIC

severe). A decrement of 2 or more degrees in the daytime
ncontinence score was considered as “improvement.”

atients
hildren with MMC between 3 and 16 years of age, with
oderate to severe incontinence resistant to conventional

reatment (demonstrating adverse effects or unsatisfactory suc-
ess rate), requiring CIC every 3 to 4 hours were recruited for
his single-center prospective study. All children had urody-
amically proven detrusor overactivity (spontaneous detrusor
ontraction during the filling phase causing detrusor pressure
ncrease to �15 cm H2O from baseline)15 and high maximal
etrusor end-fill pressure �40 cm H2O.16

The children were randomly allocated to treatment (IF stim-
lation, 20 children) and control (sham stimulation, 10 chil-
ren) groups with a 2:1 ratio, respectively (balanced block

andomization). S
Patients were unaware of the group assignment and so was
he urodynamic nurse practitioner. They were followed up for
he next 6 months on a regular basis. Most are still under
bservation at our center at the time of publication.

rodynamic Measurement
he UDS evaluations were complied with International Chil-
ren’s Continence Society (ICCS) recommendations.15 Pre-
reatment cystometry (F.M. Wiest Medizintechnik, GmbH,
nterhaching, Germany) was performed, with patients in su-

ine position, measuring the intravesical and abdominal pres-
ures simultaneously with a double-lumen catheter and rectal
alloon. Special attention was given to mean maximal detrusor
ressure (MMDP), maximum bladder capacity (MBC), mean
etrusor compliance (MDC), postvoiding residue (PVR), and
etrusor sphincter dyssynergia (DSD). The same protocol was
sed for the UDSs performed within 2 weeks after ES courses,
nd 6 months later. Patients were asked to discontinue their
nticholinergic medication intake at least 7 days before all 3
DS sessions.
Although considered a limitation, success was defined as any

ignificant reduction in each of these UDS parameters com-
ared with our sham stimulation group or pretreatment values
egardless of whether they are in the safe zone for that age (�30
m H2O) or accompany clinical improvement. Subjective suc-
ess was assessed using a voiding diary and was eventually
ompared with UDS success.

nterferential Electrical Stimulation
fter pretreatment UDS, conventional treatment (anticholin-

rgic and CIC) was resumed and children in the treatment
roup received 18 courses of pelvic floor IF electrical stimula-
ion for 20 minutes in each session 3 times per week, whereas
hildren in the control group underwent the identical setting of
rocedure but without the IF stimulation performed by an
xpert physiotherapist.

The same IF current device (model 510 A, double-channels
OVIN, Isfahan, Islamic Republic of Iran) was used for all

atients. Two rectangular self-adhesive (2.5 � 3.5 cm) elec-
rodes, one from each channel, were used. Two electrodes were
laced bilaterally on the skin of the symphysis pubic, and 2
lectrodes from the other channel were crossly placed on the
kin under the ischial tuberosity. With this approach, the
urrent from each channel would cross within the bladder and
elvic floor muscles. Stimulation was delivered with adjustable
mplitude (0-50 mA).

In lack of consensus over the best electrical parameters for IF
urrent in urologic practice, we used a beat frequency sweep
overing 1-20 Hz (to cover irritative and obstructive symptoms
nd stimulate afferent sacral nerve fibers in pelvic floor muscles
nd bladder), duration of 250 microsecond, and repetition time
f 6.6 seconds in the treatment group. The intensity was in-
reased until the child reported a strong but comfortable level
f sensory awareness with no visible muscle contractions. In
maller children, an intensity setting of �20 mA was adminis-
ered. Maximum current intensity was below the pain threshold
nd well tolerated by the child.12

Within 2 weeks after the 18-session course of ES, all patients
nderwent UDS, which was repeated 6 months later.

tatistical Analysis
tatistical analysis was performed with Statistical Package of

ocial Science software (version 16; SPSS, Inc., Chicago, IL).

UROLOGY xx (x), xxxx
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he paired Student’s t-test was carried out and Wilcoxon
igned-rank test was executed for nonparametric statistical
omparisons before and after treatment in both cohorts. The
ann-Whitney U test, Student’s t-test, and Fisher exact test
ere performed wherever applicable to compare the values
etween the treatment and control groups. Data are expressed
s mean � SD, and P � .05 was considered statistically signif-
cant.

ESULTS
n this study, 30 MMC children were enrolled between

arch 2005 and August 2007. One child in the treat-
ent group required invasive intervention at early stages

f the study because of upper tract signs and hence was
xcluded from the study and regarded as a treatment
ailure. Children were 3 to 12.5 years old (mean � SD:
.6 � 2.7 years) comprising 18 girls and 11 boys. The
emographic features of the patients are shown in Table 1.
ll children were followed up for a mean of 18.4 � 1.2
onths (range: 6-36 months). Comparing the informa-

ion with regard to age, sex, and preintervention voiding
iary and urodynamic variables, both treatment and con-
rol cohorts were similar (P � .05).

Of UDS parameters (Table 2), immediately after the
rocedure, MMDP, PVR, and DSD significantly reduced

Table 1. Demographic and clinical characteristics of chil-
dren in the case and control groups

Case19 Control(10)

Age (y)* 5.7 � 2.8 5.6 � 2.4
Sex

Female 12 (63%) 6 (60%)
Male 7 (37%) 4 (40%)

MMC† level No. (%)
Sacral 10 (52%) 4 (40%)
Lower lumbar 8 (42%) 4 (40%)
Upper lumbar 1 (6%) 2 (20%)

Movement disorder No.
Paraplegia 6 (31%) 4 (40%)
Proximal weakness 4 (22%) 2 (20%)
Distal weakness 5 (26%) 3 (30%)
Normal 4 (21%) 1 (10%)
Follow-up (mon)* 18.9 � 1.4 17.4 � 1.1

History of concurrent
disability

Club Foot 6 (26%) 3 (30%)
Hydrocephalus 7 (40%) 5 (50%)
Hip disorder 1 (10%) —
VUR‡ 1 (10%) —
None 4 (14%) 2 (20%)

Drug
Oxybutynin 17 (89%) 9 (90%)
Baclofen 2 (11%) 1 (10%)

Incontinency score before
study (0-3)

Score 3 15 (79%) 7 (70%)
Score 2 4 (21%) 3 (30%)

* Mean � standard deviation.
† Myelomeningocele.
‡ Vesicoureteral reflux.
fter IF therapy in the treatment group compared with i

ROLOGY xx (x), xxxx
ham stimulation (P � .05). Comparing the 2 cohorts,
ean MBC and MDC also improved in the IF group,

lthough this increase was statistically insignificant.
Regarding pre- and posttreatment comparison IF has

een accompanied with significant improvement in all
DS parameters, except for maximum bladder capacity.
his effect was not observed in the sham stimulation
roup.

Of voiding diary parameters (Table 2), compared with
retreatment measures, 15 of 19 (78%) patients (P �
00) gained continence immediately after IF therapy, of
hich 9 of the 15 (60%) children (P � .03) remained
ontinent after 6 months. Comparing IF and sham stim-
lation also demonstrated significant difference between
he 2 groups (P � .002 immediately, P � .01 after 6
onths). In the treatment group, urinary frequency and

nuresis followed the same pattern after IF therapy but
nly statistically significant immediately after the treat-
ent (P � .05).
Fifteen patients in the IF group reported diarrhea the

ay after the procedure; none has been severe enough to
eek medical care. No patient reported any adverse effect
uring and after the stimulation.

OMMENT
anagement of urinary complications in patients with

eurogenic bladder overactivity caused by MMC remains
hallenging. Therefore, treatment for preservation of the
pper urinary tract and bladder continence should be
tarted at an early age. Of all the factors predisposing to
enal destruction, it has been shown that elevated storage
ressure, as a result of either low bladder compliance or
etrusor overactivity, is of remarkable importance17 and
f left untreated, the risk of upper urinary tract deterio-
ation with NDO, especially in the face of DSD, ap-
roaches 80%, with a decline to 10% with appropriate
reatment.18 Therefore, bladder treatment should address
ow-pressure urine storage and low-pressure emptying of
he bladder.19 In addition, elevated storage pressure, uri-
ary tract infection, and its associated complications are
he most significant causes for renal deterioration in

MC children.
Currently, detrusor relaxation by oral anticholinergic

reatment along with clean intermittent catheterization is
egarded as the standard first-line treatment in patients with
eurogenic detrusor overactivity20; however, indwelling
atheters carry the risks of chronic urinary tract infection,
mpairment of renal function, and bladder cancer develop-
ent,21 and not all patients tolerate and/or respond effec-

ively to anticholinergics. If the above-mentioned medical
nd/or minimally invasive treatments such as botulinum
oxin A injection22 fails, these patients may undergo aggres-
ive surgical treatments, such as sphincterotomy, bladder
eck reconstruction, enterocystoplasty with or without
itrofanoff,23 or autoaugmentation.
Since their first therapeutic implication on urinary
ncontinence in 1963,5 pelvic and sacral nerve electrical

3
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timulation have evolved and, with a success rate as high
s 50%, has become an alternative for invasive surgical
reatments. This development has been toward less in-
asive and more effective techniques.8,24 Studies on stim-
lation of the bladder, pelvic floor, pelvic nerve, spinal
ord, sacral root, and detrusor apparatus have led to the
evelopment of neuromodulation therapies for urologic
isorders,25 and although mostly safe and effective, the
se of some are limited because of surgical implantation
equirements. Transcutaneous electrical nerve stimula-
ion, first introduced by Fall et al9 in 1980, has been
ccompanied with up to 30% success in treating detrusor
veractivity, exclusively stress incontinence in women.
pplied for the first time in children, this technique was

dvocated by promising results reported from different
tudies conducted by Hoebeke et al7 and Bower et al26 on
diopathic urge incontinency in children.

Interferential electrical stimulation, introduced not
ore than a decade ago, has been implicated in the
anagement of urinary and fecal incontinence to pro-
ote fracture healing and pain control.12 In a recent

tudy, Oh-Oka et al13 demonstrated IF to be effective in
reating stress incontinence caused by overactive bladder
n the elderly. Due to lack of published data on the
fficacy of IF therapy in voiding problems in children, the

Table 2. Urodynamic and voiding diary parameters of c
interferential (treatment) and sham (control) stimulation

Variables Groups Pre IF

Urodynamic Study Parameters
Mean maximal detrusor

pressure (cm H2O)
Treatment 97.2 � 40.3
Control 97.1 � 38.6
P†,‡ .9

Maximum bladder capacity
(mL)

Treatment 209.6 � 73.2
Control 276.4 � 57.7
P†,‡ .3

Mean detrusor compliance
(ml/cm H2O)

Treatment 9.7 � 5.8
Control 9.3 � 6.1
P†,‡ .8

Post voiding residue (mL) Treatment 113.1 � 79.2
Control 97 � 52.2
P†,‡ .5

Detrusor-sphincter
dyssynergia (No.)

Treatment 18/19
Control 9/10
P§ .9

Voiding diary parameters
Continent (No. patients) Treatment 0/19

Control 0/10
P§

Frequency (times/week) Treatment 8.4 � 3.3
Control 7.3 � 2.4
P†,‡

Enuresis (nights/wk) Treatment 5 � 2.5
Control 4.3 � 2.5
P†,‡

Values in boldface represent statistically significant data.
* Wilcoxon signed-rank test.
† Mann–Whitney U test.
‡ Student t test.
§ Fisher Exact Test.
ndings reported herein represent promising results of I
his technique in 19 MMC children, wherein 78% expe-
ienced significant incontinence improvement after 6
eeks, 42% achieved complete day and night continence
etween CICs, maintaining for the 6-month follow-up
eriod, and enuresis status significantly improved shortly
fter treatment.

Unlike our study, in most previous trials evaluating the
ffect of ES, exclusively IF, the subjects did not have an
rganic neurological insult as did our patients, and all the
athered data are subjective and via the patient satisfac-
ion questionnaires. Nonorganic malfunction in urina-
ion and defecation are very common and some are very
ensitive to placebo effect of the procedures and behav-
oral treatments. Therefore, repeating these heartening
utcomes in the setting of an organic insult (MMC) and
ssessing by more objective measures (UDS), makes the
esults more to be relied upon. On the other hand, we
ocused mainly on a single organic symptom (inconti-
ence) and not a general functional “umbrella” of symp-
oms, where resolution in one or more entities could
esult in major overall satisfaction of the patients biasing
he subjective measurements.

As previously stated, MMDP and MBC significantly
mproved after application of IF current in our children.

ren before, immediately after, and 6 months following

Post IF 6 Mon After IFT
P*

Pre vs Post
P*

Pre vs 6 m

0.4 � 18.03 82.5 � 40.3 .01 .01
4.8 � 30.4 92 � 34.1 .3 .4

.001 .55
0.5 � 55.6 222.9 � 88.5 .1 .3
1.4 � 93.1 251.4 � 248.5 .8 .3

.5 .7
2.7 � 7.1 9.4 � 6.5 .001 .8
9.5 � 5.7 8.6 � 5.2 .6 .4

.2 .8
0.8 � 51.7 48.8 � 41.5 .00 .00
6.5 � 51.6 91.5 � 49.6 .7 .1

.03 .02
7/19 8/19 .01 .05
8/10 9/10 .2 .7
.01 .005

15/19 9/19 .00 .03
0/10 2/10 .3 .9
.002 .01

4.4 � 2.2 7.8 � 3.1 .00 .5
7 � 1.8 7.4 � 2.1 .25 .7
.04 .7

2.8 � 2.8 4.6 � 1.1 .002 .2
4.4 � 2.3 5.2 � 2.3 .31 .6

.24 .8
hild

6
9

21
19

1

5
9

n multiple sclerosis patients, van Poppel et al27 and

UROLOGY xx (x), xxxx
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abay et al28 have reported subjective and objective

mprovement in neurogenic detrusor hyper-reflexia.
The exact underlying mechanisms by which ES af-

ects the bladder function are not well known. It is
elieved that ES will result in reflex inhibition of the
elvic nerve to increase bladder capacity and that
fferent pudendal stimulation will activate hypogastric
fferents and inhibit pelvic efferents to stop or delay
nvoluntary contractions.29 Researchers agree that me-
ium and low-frequency (5-10 Hz) and moderate am-
erage (�20 mA), which is the mainstay of IF therapy,
re required to obtain such results.29 The pelvic floor
as an important role in this system of sacral reflexes.
s in our method the pelvic floor was stimulated by

ow frequency of IF current, we hypothesized that the
ctivated efferent fibers of the pelvic floor influences
he sacral level of the neural network controlling blad-
er functioning. Moreover, rhythmic contraction and
timulation of the pelvic floor can result in coordina-
ion of voiding reflexes.5 The latter phenomenon is
ell demonstrated by significant improvement of DSD
nd declined PVR in the children in our study, indi-
ating more efficient emptying of the bladder. Theo-
etically, the inhibitory effect of pelvic nerve after
fferent sacral nerve stimulation and sphincter con-
raction can be observed through an intact reflex arc at
2-4.29 Therefore, the observation that of our 6 para-
legic patients in the treatment group, known to have
ore complex and severe neurological deficits, only

ne regained continence after the treatment can be
xplained.

Of note is the unsafe level of detrusor pressure after IF
reatment in our children (approximately 60 cm H2O),
hereas most believe that �30 cm H2O is desirable to

emain safe in the long term. In light of �40% reduction
fter the treatment, we could propose that children with
ot very high detrusor pressures would mostly benefit

rom this modality or relate this suboptimal result to
nsufficient IF sessions, although without directed clinical
rials in this regard, none can be accurately claimed.
nlike other ES treatments such as sacral neuromodula-

ion, which are considerably effective in these patients,30

F therapy is relatively inexpensive, noninvasive, without
harmaceutical side effects, does not need sophisticated
echnical support, and can be used immediately, with no
aiting list for a procedure, making it a feasible option for
enters with restrained resources.

Posing the possibility that we may only be observing
ormal maturation of the nervous system and natural
esolution of incontinence, despite our intriguing results,
e recognize that weaknesses exist in our study. Apart

rom small sample size and short duration of follow-up,
nsafe level of detrusor pressure also merits further inves-
igations. The fact that the voiding diaries were com-
leted by the patient caregivers also introduces a certain

egree of bias. Despite these limitations, our results are

ROLOGY xx (x), xxxx
ncouraging and serve to broaden the role of electro-
timulation for voiding dysfunction.

ONCLUSIONS
his study demonstrates that IF therapy, which is a
inimally invasive technique, seems effective in improv-

ng voiding symptoms including incontinency and UDS
arameters of children with NDO caused by MMC. No
erious adverse events or side effects were observed during
r after treatments. However, to consider this modality in
he management algorithm of patients with neurogenic
DO after failed conventional treatments, larger pro-

pective trials with longer-term follow-up are required.

cknowledgments. We thank P. Tajik for her valuable ef-
orts in preparing the proposal, the technical assistance pro-
ided by Zahra Rahimi and Maryam Alijani from the Urody-
amic Unit of Children’s Hospital Medical Center, and the
dministrative staff at Pediatric Urology Research Center for
heir cooperation.
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