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Abstracts:

1. Extra-corporeal magnetic enerqy stimulation of pelvic floor muscles for urodynamic
stress incontinence;

Objective: To assess the efficacy and practicalities of extra-corporeal magnetic energy

stimulation of pelvic floor muscles as a non-invasive technique for urodynamic stress
incontinence of urine in women.

Design: Prospective non-controlled study.

Setting: 2 district general hospitals.
Population: Female patients with urodynamic stress incontinence of urine.

Main outcome measures: Pad test, continence diary, quality of life assessment using the
King's health and EuroQol questionnaires as well as side effects and drop out.

Method: 18, twice weekly sessions. Assessment was made on recruitment, at the end of
treatment and at 3 months follow up.

Results: 48 patients were recruited, 31 completed treatment sessions and 27 attended for
follow up at 3 months. There was no significant change in outcome measures at the end of
treatment as well as at 3 months follow up. Side effects were encountered by 52.1% of patients

and the drop out rate was 35.4%. Relevant side effects were significantly more common in
those who dropped out.

Conclusions: Extra-corporeal magnetic energy stimulation of pelvic floor muscles seems
unlikely to improve urodynamic stress incontinence of urine. This appears to be due to the

passive nature of the contractions evoked. Side effects are prominent and appear to contribute
to the drop out rate.



2. Transvaginal radiofrequency remodelling of the endopelvic fascia for urodynamic

stress incontinence due to urethral hypermobility:

Objective: To assess the efficacy and safety of transvaginal radiofrequency remodelling of the

endopelvic fascia as a minimally invasive technique for urodynamic stress incontinence of urine

due to urethral hypermobility in women.
Design: Prospective non-controlled study.
Setting: 3 district general hospitals and 1 university hospital.

Population: Female patients with urodynamic stress incontinence of urine due to urethral
hypermobility.

Main outcome measures: Pad test, urodynamic assessment, continence diary, pain scores

and operative as well as post-operative complications.

Method: Transvaginal radiofrequency of the endopelvic fascia. Assessment was made on

recruitment, during hospital admission and at 3, 6 and 12 months follow up.

Results: 24 patients were available for analysis. A rising failure rate was noted as early as 3

months, leading to a cumulative cure rate of 36% at 12 months follow up. No major

complications were encountered and pain scores were mild.

Conclusions: The effectiveness of transvaginal radiofrequency remodelling of the endopelvic
fascia for urodynamic stress incontinence of urine due to urethral hypermobility appears to be

low. Inherent weakness of the endopelvic fascia appears to be the main reason. The technique

has a low complication and pain profile.



3. Comparison between the tension-free vaginal tape (TVT), pelvicol as well as short

autologous slings for urodynamic stress incontinence:

Objective: To compare the efficacy and morbidity of the tension-free vaginal tape (TVT),

pelvicol as well as short autologous slings, as minimally invasive technique for urodynamic
stress incontinence of urine in women.

Design: Muticentre randomised controlled single blind study.
Setting: 4 district general hospitals and 2 teaching university hospitals.
Population: Female patients with urodynamic stress incontinence of urine.

Main outcome measures: Quality of life and symptom assessment using Bristol Female
Lower Urinary Tract Symptoms as well as EuroQol questionnaires, pad test, continence diary,

operating time, stay in hospital, operative as well as post-operative complications.

Method: Tension-free vaginal tape (TVT), pelvicol or short autologous sling insertion.

Assessment was made on recruitment, during hospital stay and at 6 weeks as well as 6 and 12
months follow up.

Results: A total of 181 patients were recruited. An interim analysis of re-operation rate showed
a significantly higher rate with pelvicol, necessitating closure of this arm. All pelvicol failures
appeared after 6 months, raising the possibility of a delayed reaction. No significant difference
was observed between the tension-free vaginal tape (TVT) and short autologous slings in
terms of operative as well as post-operative complications, pad test and continence diary.
Operating time and post-operative stay in hospital were significantly shorter following the
tension-free vaginal tape (TVT) sling than after the short autologous one. This reduces the

higher capital cost of the tension free vaginal tape (TVT) sling. There was also a short term
advantage in quality of life assessment.



Conclusions: Pelvicol slings are associated with a delayed failure, and should not therefore be
used for continence surgery. Although both the tension-free vaginal tape (TVT) and short
autologous slings are equally effective and have a comparable complications profile, the
tension-free vaginal tape (TVT) sling is quicker to insert and is followed by a shorter stay in

hospital; 2 features that reduce its higher cost. It is also associated with a better quality of life
change in the short term.
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Swansea NHS Trust - Physiotherapy Department

PAD TESTING SCHEDULE

1. Test started without patient voiding.

2, A pre-weighted pad is put on by the patient and the test begins.
*Patient is told not to void at all during the test.

3. The patient drinks ¥z litre (500mls) of sodium free liquid.

4. The patient to sit down for %2 hour.

5. Then the patient must go for a 10 minute walk around the hospital.

6. Patient performs the following exercises:
a) coughing x10
b) standing to pick up object from floor x 10
c) standing to sitting x 10
d) running on the spot or stepping up and down off stool x 10
e) washing hands under water for 1 minute
f) jumpingonspot x10

(Obviously with certain patient e.g. asthmatics, elderly, considerations
have to be taken with certain exercises).

* Some patient may require extra pads.

7. After the pad(s) have been in place for one hour the patient is given a

measuring jug and asked to remove pad(s). Place itin a polythene bag
(which the pad is initially weighed in), and void into the jug.

The amount of urine passed and weight of pad post test are recorded.

A loss of 1 gram can be considered due to sweating or vaginal
discharge.



KING'S HEALTH QUESTIONNAIRE
1993

Name

Age years

Todays date __Z__ 199

How would you describe your

health at present ? Please tick one answer
Very good O
Good O
Fair O
Poor O
Very poor O

How much do you think your
bladder problem affects your \

life ? Please tick one answer

Not at all O

A little O

Moderately O

Alot O

Please turn the page

Office use




We would like to know what your bladder problems are and how much

they affect you. From the list below choose ONLY THOSE PROBLEMS
that you have at present.

How much do they affect you ?

A Little Moderately Alot

FREQUENCY,; going to the toilet
very often.

NOCTURIA; getting up at night to

pass urine.

URGENCY; a strong and difficult

to control desire to pass urine.

URGE INCONTINENCE; urinary

leakage associated with a strong
desire to pass urine.

STRESS INCONTINENCE; urinary

leakage with physical activity
eg coughing, sneezing, running.

NOCTURNAL ENURESIS; wetting
the bed at night.

INTERCOURSE INCONTINENCE;

urinary leakage with sexual int-
ercourse.

FREQUENT WATERWORKS
INFECTIONS;

BLADDER PAIN;

OTHER SPECIFY;

Ololo] ©]O|O | ©O|0|0]|0O

Oolojo|l 0|00 | O |0|0O]|0
ololo| 0|00 | O|0]0O|0.

Please turn the page

Office use

King’s Health Questionnaire, Version 7



Below are some daily activities that can be affected by bladder problems. How much
does your bladder problem affect you ?

We would like you to answer every question. Simply tick the circle that applies to you.

ROLE_LIMITATIONS

Notat all Slightly Moderately Alot
To what extent does your bladder

problem affect your household O O O O
tasks (eg cleaning, shopping etc)
Does your bladder problem affect

your job, or your normal daily act-
ivities outside the home?

O
O
O
O

Notat all Slightly Moderately Alot
PHYSICAL/SOCIAL LIMITATIONS

Does your bladder problem affect
your physical activities (eg going
for a walk, run, sport, gymn etc)?

Does your bladder problem affect
your ability to travel?

Does your bladder problem limit
your social life ?

Does your bladder problem limit
your ability to seelvisit friends ? O O O Q

O O O
O O 0O
O O O
O O O

Not Notat Slightly Moderately Alot
PERSONAL RELATIONSHIPS applicable all
Does your bladder problem affect O O
your relationship with your \ O O O
partner?

Does your bladder problem affect O O O Q O
your sexX life?
Does your bladder problem affect

your family ife? O O O O O

Please turn the page
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EMOTIONS

Does your bladder problem make
you feel depressed?

Does your bladder problem make
you feel anxious or nervous?

Does your Bladder problem make
you feel bad about yourself?

SLEEP / ENERGY

Notatall  Slightly Moderately

O O O O
O O O O
O O O O

Never

Very much

Sometimes Often All the time

Does your bladder probiem affect O O O O
your sleep ? "

Do you feel worn out/ tired?

o O O O

Do you do any of the following?:

If so how much ?

Wear pads to keep dry?

Be careful how much fluid you
drink?

Change your underclothes when
they get wet?

Worry in case you smell?

Never Sometimes

o O

Often All the time

o O

O, O O O
O O O O
O O O O

Office use

THANKYOU, NOW CHECK THAT YOU HAVE ANSWERED ALL THE QUESTIONS

King's Health Questionnaire, Version 7.



By placing a tick (thus Z]) in one box in each group below, please indicate

which statements best describa your own health state today.

Mobility
: 1 have no problems in walking about
: | have some problems in walking about’
: 1 am confined to bed

Selt-Care
: 1 have no problems with self-care
: | have some problems washing or dressing myself
: lam unable to wash or dress myself

Usual Activities

: [ have no problems with performing my usual activities
(eg work, study, housework, family or lelsure activitles)

: | have some problems with performing my usual activities

: | am unable to perform my usual activities

Pain/Discomfort
: | have no pain or discomfort
: | have moderate pain or discomfort
: | have extreme paln or discomfort

Anxiety/Depression
. | am not anxious or depressed
: | am moderately anxious or depressed
: 1 am extremely anxlous or depressed

To help people say how good or bad a health state is,

we have drawn a scale (rather like a thermometer) on

. which the best state you can imagine is marked by 100

and the worst state you can imagine is marked by 0.

We would like you to indicate on this scale how good
or bad Is your own health today, in your opinion.

. Please do thls by drawing a line from the box below

to whichever polint on the scale Indicates how good or
bad your current health state Is.

Your own health
state today

Best

imaginable

health state
100
9e0
8e0
70
ce0
5e0
490
3e¢0
240
1€0

0

Worst

Imaginable

health state
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Name Patient No

Date . Date of Birth

URINARY SYMPTOMS QUESTIONNAIRE

We are trying to find out how much ofa problem your urinary symptoms are to you.
We would be grateful if you could help us by filling out this questionnaire

When answering the questions think about the symptoms you have experienced in
the past month.

You w111 see that some questions ask if you have a problem occasmnally, sometimes
or most of the time.

Occasionally =less than one third of the time
Sometimes " =Dbetween one third and two thirds of the time
Most of the time = more than two thirds of the time

Please tick one box for each question

.

1. During the day, how many times do you urinate on average?

1to0 6 timesO
710 8 times O

910 10 times O
11to 12 timesO
13 or more times O

WL B U R e

~ 'Howmuch of a problem is this for you?

nota problem a
abitofa problem o
‘quite a problem O

a serious problem a

WD

During the night, how many times do you have to get up to urinate, on
ayerage? ‘

"nope O’

10

20

30

4 or more O

Lo o W N

How much of a problem is this for you?

not a problem O

a bit of a problem O
quite a problem O

a serious problem O

Ja U2 DD




R —

L™ Aol 01D AWUYCLLUUNL A |

Do you have to rush to the toilet to urinate?

occasionally (less than one third of the time) O
sometimes (between one and two thirds of the time) 0
most of the time (more than two thirds of the time) O

How much of a problem is this for you?

never [J

all of the time O

not a problem [

a bit of a problem O
quite a problem 0

a serious problem O

BB WN =

DU N

. Does urine leak before you ci;n get to the toilet?

: ﬁpw much of a problem is this for you?

never(d |

occasionally O
sometimes O

most of the time O
all of the time O

not a problem O

a bit of a problem O
quite a problem O

a serious problem O

DWW N =

~ Doyou ixavg pain in your bladder?

’ I—Iow ;nﬁéli of a problem‘is this for you?

" a bit of a problem O

~ a serious problem O

ﬁi
never O
occasionally O
sometimes O
most of the time O

all of the time O _

not a problem [

quite a problem O

[ - U I S By ]

W N

tJ



Eow ofiza do you leaXk urine?
ZEVer -
cree crless perwesk T

2-3timesperwesx T |

cree Ter G2y =
. . —
several imes per day =

How much of a problem is this for you?
nct a prodlem &

atit of a probiem T

quits a protlem O

a sexious proclem o

g5 0 N

W

$a L) N -

‘Does urine leak when you are physically active, exert yourself, cough or

sneeze?

never O
occasionally (less than one third of the time) C
sometimes (tetween cne and two thizds of the time) G
mcst of the time (more than two thirds of the tme) I
: ' all ofthetime T

How much of a problem is this for you?
) | rot 2 provlem [
atit of a problem O
quite a problem O

Uy W N =

W R

a serious protlem O

How much of a problem is this for you?

Do you ever leak urine for no obvious reason and without feeling that you
want to go? ' '
never{]
occasionally O
sometimes (J
most of the time (0
all of the time 00

not a problem O
abit of a problem O
quite a problem O

a serious protlem O

w B

B N

(¥7]
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9. How much urinary leakage occurs?

L No leakage O
Drops/pants damp O

Dribble/pants wet O

Floods, soaking through to outer clothing O
Floods, running down legs or onto floor O

W B W N

10A. Do you have to change your underclothes or wear protection because of

' your leakage?
. YES/NO

If NO please go to question 12
If YES please answer below

o N A Change underclothes (0
L : Panty liners/mini pads O
Maxi/super sanitary towels (0
Nappies/Incontinence products O

SN -

Other; please specify.

10B How many times a day do you change the above items because of .
leakage .

No change required O
10

2-30

4-50

More than 5 times O

wn W=

11. Do you need to change your outer clothing dunno the day because of
. urine leakage" :

never
occasionally =
sometimes ~

most of the time =
all of the time Z

-t |

wn W

12, 'Is there a delay before you can ;;tart to urinate?

never
occasionally (less than one third of the time) O | °

sometimes (between one and two thirds of the time) O
- most of the time (more than two thirds of the time) O
: all of the time O
. .How much ofa problem is this for you?
not a problem O
a bit of a problem O
quite a problem O
a serious problem O




Do youa have to sizain to nrinats?

How much ofa proﬁlem is this for you?

arrae T
ﬁu e

cccasicrally =
scmetmes =
cesicithetime T
all cfthe time T

cotaprctlem O
atit of a protlem G
quits a problem T

a serious problem O

[ 9 T3 > S ') T 0N IS

W N

14.

Do you stop and start more than once while you urinate withont meaning

to? : :

How much of a problem is this for you?

peverO
occasionally O
scmetimes O

most cfthe time T
all cfthe time T

nct a problem O
atitofaprctlen T
guit2 a protlem &

a serious problem O

W 3 U N =

g W) N =

Do you leak urine when you are asleep?

How much of a problem is this for you?

. neverC
cccasionally O
sometimes O

most of the time O
all of the time O

not a problem O

| a bit of a problem O

quite a problem O
a serious problem O

[ N ¥ N

LI B




16.

Would you say that the strength of your urinary stream is...
not reduced O
reduced a little O
quite reduced O
reduced a great deal O
no stream [J

.

How much of a problem is this for you?
not a problem O
a bit of a problem (0
quite a problem O
a serious problem (0

© BFLUTS Movember 195

(V- SRVARE S

HWLW N -

17.

Have you ever blocked up completely so that you could not urinate at all
and had to have a catheter to drain the bladder?

no O

yes, once [}

yes, twice O

.yes, more than twice O

HW R -

18.

Do you have a burning feeling when you urinate?
never O
occasionally (less than one third of the time) O
sometimes (between one and two thirds of the time) O
most of the time (more than two thirds of the time) O
all of the time O

How much of a problem is this for you?

- not a problem O
a bit of a problem O
quite a problem O
a serious problem O

L BW N

H LD -

19.

" How much of a problem is this for you?

. How often do you feel that your bladder has not emptied properly after

you have urin:ited?

never

- occasionally O
sometimes 0
most of the time O
all of the time O

not a problem O
abit of a problem 0

quite a problem O
a serious problem 0

L bW -

SN e




20.

Can you stop the How of urine if you try while you are urinaiing?
Yes, easily O
Yes, with diffculty
No, cannct sicp it flowing T

W N =




| © BFLUTS November 1695,

4 - Sexual Matters
Please think about the past month

BN

21. Do you have pain or discomfort because of a dry vagina?

notatallO
alittle O
somewhat [
alotO

W N

How much of a problem is this for you?
' ' not a problem O
a bit of a problem O
quite a problem O
a serious problem (I

I W N e

" Do you have a sex life at present?

. YES/NO
If YES please go to question 22

IfNO please go to question 25

22. To what extent do you feel that your sex life has been spoilt by your
urinary symptoms

notatall O
alittle O
somewhat O
alotO

K-S USRS S

How much of a problem is this for you?

not a problem O

a bit of a problem O
quite a problem O

a serious problem O

DWW N -

23. Do you have pain when you have sexual intercourse?

notatall O
alittle 0
somewhat O
alotO

W=

How much of a problem is this for you?
w SR o not a problem O
a bit of a problem O

quite a problem O
'a serious problem O

PN -




24,

Do you leak urine when you have sexaal intercourse?

How much of a problem is this for you?

24
b w8
R
Ly
VLI D)

m
—
124
-

notaproblem G

a bit of a protlexm T
quite a protlem O

a serious problem O

o LU D) =

NS VN B (S )

AL %]
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Lifestyle
Please think about the past month

25. How often do you pass urine during the day?.

Hourly O

Every 2 hours O

Every 3 hours [

Every 4 hours or more 0

W N

How much of a proﬁlem is this for you?
Not a problem O
A bit of a problem [

Quite a problem 00
A serious problem (J

N

26. Do you cut down on the amount of fluid you drink so that your urinary
symptoms improve, and you can do the things that you want to do?
never O
occasionally O
sometimes O
most of the time O
all of the time O

w»mhHWN -

How much of a problem is this for you?
‘ not a problem 0
a bit of a problem O
quite a problem 00
a serious problem O

B U N

27.  To what extent have your urinary symptoms affected your ability to
‘perform daily tasks (e.g. cleaning, DIY, lifting objects)?

notatalld
alittle O
somewhat O
alotO

HWN -

‘How much of 2 problem is this for you?

not a problem O

a bit of a problem O
quite a problem O
___aserious problem D

DWW N =

10
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¥
£

LA N iz
e S NUYTIIOIT 1T

)
a0

Do you avoid places and srnat'.sns where you know a tofiet is not meassy
(2.g. shopping, travelling, thsatrs, churah)?
neverd
cccasicrally G
scmetimes T
most cithedme T
- gl cfite time T
Eow much of a problem is this to you?
: I ' rct a protlem
a tit cf a problem O
quite a problem 0
a sericus pretblem O

Wy fa W N 1=

L) DN -

, _Dd your urinary symptoms interfers with physical activity (e.g, walking,

notatalld
alittle G
somewhat 0
e o aletO

How much of a problem is this to you? :
' ' not a prodlem O
atitof aproblem O
quitz a pretlem O

a sericus protlem O |

30.

Hovw ninch of a problem is this to you?

* How much do your winary symptoms interfere with your social life
" (going otrt, mesting friends and so on)?

" cotatallG
-alittle O
somewhat 0
alotO

not a problem O

a bit of a problem O |

quite a problem O

a serious preblem O

RERE

0vera11, how much do your nnnary symptoms interfers with your life?
| | notatall0
alittle O

scmewhat O

aletO

O W N

ga U N) -

U B e

WD) -

r..p.ml\)i—‘




32. Howlong have you. had urinary symptoms that bother you?
less than 1 year O
12 years O
2-3 years O
more than 3 years O

W

33. . Ifyou had tospend the rest of your life with your urinary symptoms as
_ they are now, how would you feel? .
Perfectly happy O
Pleased O
Mostly satisfied O
Mizxed feelings [
Mostly dissatisfied O
Very unhappy O

Desperate D | -

SOV BN -

-134." 'Which of your urinary symptoms bother you most at the moment?

. (please list the symptoms that bother you most below. Please describe the
symptoms in your own words, or write the mzmber of the question that comes
cIosest to describing them):

1.
2. .

3.

THANK YOU FOR YOUR HELP
If you have any comments you would like to make about the.
questzonnazre or your urinary symptoms please use the space below




1. Introduction:

This thesis considers three non-invasive and minimally invasive techniques for urodynamic
stress incontinence of urine in women. The three techniques are extra-corporeal magnetic
energy stimulation of pelvic floor muscles, radiofrequency remodelling of the endopelvic fascia
and the tension-free vaginal tape (TVT) sling. This introduction explains why this condition as
well as these techniques have been selected, indicates the aim and objectives of evaluating

these procedures and outlines how the evaluation is handled in various chapters.

Urodynamic stress incontinence of urine in women:

Definition:

The International Continence Society defines urodynamic stress incontinence of urine (formerly
known as genuine stress incontinence) as the involuntary loss of urine during increased intra-
abdominal pressure, in the absence of a detrusor contraction (Abrams et al, 2002). This
distinguishes it from other forms of stress urinary incontinence such as detrusor overactivity

(Abrams et al, 2002) as well as cases where there is a mixture of the two (Colombo et al,

1996).

Size of the problem:

The incidence of stress incontinence varies from 8.5% of the adult population, 2.5 million in the
United Kingdom (Fenely et al, 1979; Elving et al, 1989) to 25% (Hannestad et al, 2000) and
30% (Thomas et al, 1980). Aimost half of all women would admit to some degree of urinary
incontinence (Yamell et al, 1981), with urodynamic stress incontinence being the cause in half
of these; 25% of the population (Jensen et al, 1994). With demographic changes and increase

in elderly population, these figures are likely to rise even further (Yokoyama et al, 2004).



Impact of the condition:

Loss of bladder control can be distressing and most humiliating (Gardner & Fonda, 1994).
Patients feel dirty, and this affects their self-esteem and wellbeing (Lagro-Janssen et al, 1992).
They limit their activity, for fear of leakage, leading to their isolation (Nygaard et al, 1990). They
feel embarrassed by their symptoms (Benness, 1997) such that only 10-20% of affected
patients actually complain to their doctors (Yokoyama et al, 2004). For Muslems, who must be
clean to pray and read the Koran, it affects their ability to fulfil their religious and worship
obligations (Wood, 1998). The low self-esteem and limited activity reduce the quality of life
(Norton et al, 1988; Hunskaar & Vinsens, 1991) and there are negative effects on sexual

function (Temml et al, 2000; Barber et al, 2002) and marital relationship (Yip et al, 2003).

Outline of management options:

Management options include non-invasive approaches as well as surgery. Pelvic floor
exercises and electrical stimulation of pelvic floor muscles have been the main stay of non-
invasive techniques (Royal College of Obstetricians and Gynaecologists, 2003). Commonly

performed operations include the Burch colposuspension and pubo-vaginal slings (Bidmead &

Cardozo, 2000).

Whilst surgery has a better success rate, it entails risks. Common operative complications
include bleeding and bladder injury and post-operative problems include voiding dysfunction
and de novo detrusor overactivity (Chaliha & Stanton, 1999). Although minimally invasive
slings, like the tension-free vaginal tape (TVT) sling, are associated with less complications,
especially when such techniques are performed as day case, problems like tape erosion,

bleeding and voiding dysfunction can still happen (Ward & Hilton, 2002).



It is therefore advisable for all patients to try conservative measures before considering surgical
interventions. These measures have a reasonable chance of cure, reaching 50% (one in two
patients) in some reports (Bo et al, 1999) and do not have major side effects (National Institute
of Clinical Excellence, 2003). Yet, these measures have their limitations. Both pelvic floor
exercises and electrical stimulation take time and depend on patient compliance (Yalcin et al,
1998). Electrical stimulation entails the insertion of electrodes in the vagina or anal canal
(Eriksen et al, 1987) and this can be inconvenient for patients, who may also experience side

effects like irritation and discomfort (Eriksen & Eik-Nes, 1989).

New non-invasive and minimally invasive techniques:

The thesis focuses on 3 new non-invasive and minimally invasive techniques for urodynamic

stress incontinence of urine in women;

1. Extra-corporeal magnetic stimulation of pelvic floor muscles is a new non-invasive
technique. It involves the generation of electromagnetic fields that can stimulate pelvic floor
muscle contraction, as with electrical stimulation. Patients however do not have to undress
and insert electrodes, as with electrical stimulation, because the electromagnetic fields
spread easily through tissues (Galloway et al, 1999). There is however limited information
about the effect of this technique to support its routine use in clinical practice.

2. Transvaginal radiofrequency remodelling of the endopelvic fascia restores normal support
to the urethra. As the technique requires limited dissection, operative complications are
minimal and patient recovery is quick. There is no need for catheterisation and there are no
voiding problems (Dmochowski et al, 2003). Yet, there is limited information about the
value of this technique to support its use alongside other minimally invasive procedures.

3. The tension-free vaginal tape (TVT) sling is a new minimally invasive sling that restores

continence by creating a neo-pubo-urethral ligament to support the urethra. It has been



shown to have a comparable success rate to the Burch colposuspension, with lower
incidence of complications (Ward & Hilton, 2002). However, little work has been carried out

to compare it to other minimally invasive slings, such as the pelvicol and short autologous

slings.

Aim and objectives:

The aim of this thesis was to explore the uncertain areas about these three non-invasive and

minimally invasive techniques.

Its objectives were to;
1. assess the value of extra-corporeal magnetic stimulation of pelvic floor muscles.
2. assess the effect of transvaginal radiofrequency remodelling of the endopelvic fascia.

3. compare the tension-free vaginal tape (TVT) sling against the pelvicol and short autologous

slings.

Sequence:

The thesis lies in four sections;
1. an overview of the management options for urodynamic stress incontinence of urine in
women. This includes both non-invasive as well as surgical measures.

2. an outline of extra-corporeal magnetic stimulation of pelvic floor muscles. This is followed

by the study assessing this technique.

3. an outiine of radiofrequency remodeliing of the endopelvic fascia. This is followed by the

study looking at its value.

4. an outline of the tension-free vaginal tape (TVT) sling, followed by the study comparing it to

other minimally invasive slings.



Some of the investigation tools, like urodynamic assessment and quality of life questionnaires,
as well as the statistical tests used for data analysis were used in a number of studies. In order

to avoid repetition, these tools are outlined in an appendix at the end.

Involvement in the work:

The candidate was involved in these studies as follows;

- extra-corporeal magnetic stimulation of pelvic floor muscles; as a specialist registrar in
obstetrics and gynaecology, with special interest in urogynaecology, at Singleton hospital,
the candidate recruited cases, carried out tests and followed patients up, as part of the
study team. This study was supervised by Mr. Simon Emery, at Singleton hospital, and Mr.
Malcolm Lucas, at Morriston hospital, in Swansea.

- Radiofrequency re-modelling of the endopelvic fascia; as a clinical research fellow in
obstetrics and gynaecology at Bradford Royal Infirmary, the candidate was involved in the
design of the study protocol. As a specialist registrar in obstetrics and gynaecology, with
special interest in urogynaecology at Singleton hospital, the candidate was part of the team
that recruited cases, carried out tests and treatment and followed patients up. The
candidate trained previously at Barnsley District General hospital, and was therefore
involved in the work done at this hospital as well. The study was supervised by Mr. Simon
Emery, at Singleton hospital, in Swansea, Professor Peter O'Donovan and Dr. Susan
Calvert at Bradford Royal Infirmary and Mr. Samir Henalla and Mr. Khaled Farag at
Barnsley District General hospital.

- Three way sling trial; as a specialist registrar in obstetrics and gynaecology, with special
interest in urogynaecology, at Singleton hospital, the candidate was part of the team that

recruited cases, carried out tests and surgery and followed up patients. This work was



supervised by Mr. Simon Emery, at Singleton hospital, and Mr. Malcoim Lucas, at

Morriston hospital, in Swansea.

All statistical analysis was the candidate’s work, apart from the Fisher's exact test for three
groups, included in the 3 way sling trial. Help for this analysis was obtained from Professor
Peter Thomas PhD, who is the Professor of Health Care Statistics and Epidemiology at the
University of Bournemouth and adviser to Dorset Research and Development Department. This
help was sought locally while covering as locum consultant at the Royal Bournemouth Hospital,
in Dorset. Professor Peter Thomas also provided guidance regarding the plan of analysis for
the 3 way sling trial, after closing the pelvicol arm. All the literature search and appraisal,

writing and production of graphs was the candidate’s work.



2. Management options:

Management options include non-invasive approaches as well as surgery.

A. Non-invasive measures:

1. Pelvic floor exercises:

Pelvic floor exercises were first described by Arnold Kegel (1948) and entail repeated voluntary
rhythmic contraction and relaxation of the levator ani muscles. These muscles support the
bladder neck and contribute to the skeletal muscle component of the urethral sphincter (Bo,
1995). The aim is to strengthen muscle support to the bladder neck and the urethral sphincter,

so as to prevent leakage on coughing and straining (Bump et al, 1991).

\ g :l Sphincter

Figure No. 2.1. The position of the bladder neck in relation to the pelvic floor".

An increase in the power of voluntary contraction alone does not prevent leakage (Dougherty et

al, 1993). Itis the speed and strength of contraction during stress that matter (Bo et al, 1990).

* hitp://www.urogynaecology.com.au/CM.htm, at 22:15GMT on 26.10.2004.




Training therefore needs to cover both types of muscle fibres, type | (slow twitch) and type Il
(fast twitch) (Berghmans et al 1998), in the form of sustained contractions as well as the stop
test. The process however takes time and a minimum of 8 weeks is needed for any

improvement (Wilson, 1990; DiNubile, 1991, Cammu & Hnylen, 1995).

Technique:

The first step is for the patient to identify and contract her pelvic floor muscles. Verbal
instruction alone is insufficient to get patients to contract the right muscles (Bo et al, 1988). Up
to a third of patients might not be able to locate and contract their pelvic floor muscles properly

(Bo et al, 1990; Laycock & Holmes, 2003). The pubococeygeus is identified by palpation with

one finger, 1cm above the interoitus and immediately inside the pubic rami.

Assistance can be provided through biofeedback. Amold Kegel developed his perineometer to
provide patients with visual feedback (Kegel, 1948). Yet, its readings can be affected by
abdominal muscles, as its tip lies in the upper vagina (Rai & Versi, 1993), and reproducibility is

therefore poor (Wilson et al, 1991). Most units nowadays provide graphic feedback on the basis

of vaginal probes that are squeezed by patients.

Feedback can also be provided by using weighted vaginal cones (Plevnik, 1985). Their use
guides patients to contract pelvic floor muscles, as a rise in intra-abdominal pressure will make
it difficult to retain the cones in the vagina (Rai & Versi, 1993). Yet, they are messy such that
continuation rates are low, reaching 42% at 12 months, and most patients (58%) prefer pelvic
floor exercises alone (Wilson & Borland, 1988). Their use is also time-consuming and requires

professional input on a number of occasions (Mantle & Versi, 1991).



Figure No. 2.2. Vaginal cones’.

Patients are also taught about the Knack (Miller et al, 1996), which is contracting their pelvic
floor muscles before and after stress, such as cough or sneezing. Likewise, they are instructed

about the stop test (Gosling, 1979), which entails attempting to stop the flow of urine several

times during micturition.

Value:

Pelvic floor exercises are more effective than no treatment, as shown in randomised controlled
trials (Lagro-Janseen et al, 1991; Burns et al, 1993) and endorsed in a recent Cochrane review
(Hay-Smith et al, 2004). However, there is significant variation in success rates. Kegel reported
80% cure rate and 100% improvement rate (Kegel, 1951; Kegel, 1956). Yet, such high rates
have never been reproduced even by those who followed his scheme (Sand et al, 1995).
Others reported cure rates of 36% (Amuzu, 1998) and 50% (Morkved et al, 2002), which are
modest in comparison to surgery (Yalcin et al, 1998). Biofeedback does not improve these
rates (Berghmans et al, 1998; Morkved et al, 2002) and vaginal cones do not provide any

advantage either (Peattie & Plevnik, 1988; Haken et al, 1991; Pieber et al, 1995).

" hitp://www.obgyn.net/women/articles/sm_slide5.ipg, at 22: 40GMT. on 26.10.04.




This limited effectiveness undermines the appeal of pelvic floor exercises. Although they have
no side effects, patient satisfaction lies in the range of 40%, compared to 70% with surgery
(Klarskov et al, 1991). Those leading active life would prefer having an operation, with all the

possible complications, than having to perform exercises daily and attend clinics repeatedly, for

such a low success rate.

Pelvic floor exercises require input from physiotherapists and this has its economic
implications. In addition to providing initial instruction, as outlined already, hospital based
programmes have better compliance and cure rates than home exercises (Wilson et al, 1987,
Henalla et al 1988, Bo et al, 1990; Yalcin et al, 1998). Whilst exercises do not require
expensive equipment or patient stay in hospital, it takes about 40 minutes to orientate patients
about pelvic anatomy and teach them how to contract their muscles (Mantle & Versi et al,
1991). Similarly, community based programmes avoid the need for hospital attendance

(Holtedah! et al, 1998), yet they rely on the presence of physiotherapists, with relevant

equipment and material, and this reduces cost savings.

Pelvic floor exercises are patient dependent (Wilson, 1990). Exercises need to be carried out
several times each day and patients need to hold contractions for few seconds each time. This
requires high degree of motivation to succeed (Mantle & Versi, 1991). Over a third of patients

may not comply (Yaicin et al, 1998), leading to low success rate (Rai & Versi, 1993).

2. Electrical stimulation:

Mechanism of action:

Electrical stimulation effects passive contraction of the pelvic floor muscles (Alexander et al,

1970), through action on the muscles and the pudendal nerve that supplies them (Yamanishi &
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Yasuda, 1998). As with pelvic floor exercises, the process takes time and some suggested a

minimum of 14 weeks before judging the effect (Miller et al, 1998).

Current characteristics are important. The stimulation threshold varies inversely with the
distance between the nerve and the stimulating electrode (Fall, 1998). That is why electrodes
need to be inserted in the vagina or anus. There is also an inverse relationship between the
duration of stimulation and current intensity, such that sessions can be shortened by increasing
intensity (Fall & Lindstrom, 1991). Yet, as the pelvic area is sensitive, stimulation can lead to
pain at an intensity that is not too far from that effecting contraction (Ohlsson, 1988). This

leaves limited room for increasing the intensity to shorten treatment sessions (Geirsson & Fall,

1997).

The frequency is also important. The contractile properties of the fast and slow motor units
necessitate a relatively high stimulation frequency. This is fortunate, as low frequency is
unpleasant to patients, who will be aware of each pulsation (Fall, 1998). Commonly used

frequency ranges between 20 and 50 Hz (Erlandson et al, 1978; Jonasson et al, 1990; Yasuda
& Yamanishi, 1999).

Two types of stimulation have been tried (Yasuda & Yamanishi, 1999). First came chronic (long
term) stimulation, relying on low intensity current delivered for several hours a day over several
months (Eriksen et al, 1987; Fall, 1984). Then came maximal (short term) stimulation, utilising
current of maximal intensity delivered intermittently over a short period of time (Shepherd et al,
1984; Plevnik & Janez, 1979). As there is little difference in outcome between the two types,

maximal (short term) stimulation is preferred because it is more practical (Geirsson & Fall,

1997, Sand et al, 1995).
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Technique:
Modem electrical stimulation of pelvic floor muscles uses vaginal and anal electrodes (Eriksen
et al, 1987). There is no difference in effectiveness between the two (Erikson et al, 1987) and

as anal electrodes can cause discomfort (Eriksen & Eik-Nes, 1989), vaginal electrodes are

more popular.

Figure No. 2.3. Modern portable electrical stimulation device and electrode.

Modern devices are small (portable) and can therefore be used at home or in general practice.
A device is composed of an electrode and a control unit, which contains the battery. Vaginal

electrodes are more commonly used, as with the Innova device (Miller et al, 1998), though anal

electrodes are also available, as with Incontan device (Leach & Bavendam, 1989).

" hitp://www.biomation.com/inco/products.htmi#Microgyn%20 at 22:20GMT on 26.10.04.
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Reports on the format of treatment varied. Sessions ranged from 15 minutes (Miller et al, 1998)
to 20 (Caldwell et al, 1968) and 60 minutes (Smith, 1996). Whilst some recommended a
minimum of 4-6 weeks (Plevnik et al, 1986), others indicated that 14 weeks of stimulation is
necessary before improvements are noticed (Miller et al, 1998). The frequency of sessions
varied from twice daily (Sand et al, 1995) and alternate days (Miller et al, 1998) to twice weekly
(Geirsson & Fall, 1997).

In practice, electrical stimulation is often used with other non-invasive approaches (Bo, 1998).
Before electrical stimulation is used, patient assessment is carried out, as outlined already.
Then the physiotherapist describes the device to the patients, tests it, to ensure that it works
and is safe, and then demonstrates its use to the patient. Home treatment and follow up are

arranged according to patients' needs as well as clinic protocols.

Value:

Whilst some reported improvement rates ranging from 60% to 90% (Plevnik & Janez, 1979;
Fall et al, 1986; Eriksen & Eik-Nes, 1989), others showed no benefit at all (Hahn et al, 1991;
Smith, 1996). Although some controlled studies found significant improvement with active

device (Laycock & Jerwood, 1993), others did not (Sand et al, 1995; Brubaker et al, 1997).

Some studies showed pelvic floor exercises to be better than electrical stimulation (Henalla et
al, 1989; Bo et al, 1999), yet others showed no difference (Berghmans et al, 1998 Bo, 1998).
Likewise, one study showed better outcome with electrical stimulation in combination with
pelvic floor exercises (Blowman et al, 1991), though another showed no difference (Wilson et

al, 1987). The view that electrical stimulation is no better than pelvic floor exercises is
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supported by evidence from muscle training in general, where voluntary contractions are

considered to be more effective than passive ones (Dudley & Harris, 1992).

Unlike pelvic fioor exercises, the technique can have side effects and this can affect patient
compliance (Eriksen & Eik-Nes, 1989). Common side effects include irritation, pain, discomfort
and mucosal injury (Okada et al, 1998, Indrekvam & Hunskaar, 2002). Such side effects have

been reported with active and sham devices (Sand et al, 1995), suggesting that the mere

introduction of internal electrodes can be unpleasant to patients.

The technique is still patient dependent. Although patients do not have to contract their
muscles, they still have to undress, insert electrodes and operate machines, which can be
inconvenient for elderly patients. When sessions are provided in hospitals or general practice,
patients will have to attend, which can be difficult for some (Miller et al, 1998). This affects
continuation and compliance, just as with pelvic floor exercises. Although compliance rates of

80% have been reported (Sand et al, 1995; Smith, 1996), it is questionable whether this

represents patients seen in day to day practice.

The technique also relies on professional input (Yasuda & Yamanishi, 1999) and this has its
implications. Patients need not only to be orientated about the pelvic fioor, as with pelvic floor
exercises, but to know how to operate devices and to attend for follow up as well. This reliance
on staff reduces the economic benefit of the relatively inexpensive equipment (Fall, 1998) as

well as any cost savings from providing treatment in general practice (Plevnik et al, 1986;

Holtedaht et al, 1998).
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3. Mechanical devices:

Mechanical devices include intra-urethral ones, such as urethral plugs (Nielsen et al, 1990;
Staskin et al, 1996) and bladder neck support prosthesis (Moore et al, 1999). They occlude the
urethra so as to prevent leakage on stress. They are quite cumbersome, especially for elderly
patients, and their use has been associated with pain, haematuria and urinary tract infection;

and as a result they are seldom used nowadays (Junemann, 2001).

Figure No. 2.4. The bladder neck support prosthesis”.

4. Medical treatment:

Estrogens, imipramine and duloxetine have been tried. Estrogen improves postmenopausal
atrophy, yet the effect in improving incontinence is limited (Jackson et al, 1999). Imipramine is
a tricylcic antidepressant with o-agonist and anticholinergic effects, but never gained much
popularity (Lin et al, 1999). Duloxetine inhibits the re-uptake of serotinin and noradrenaline and
is currently under investigation (Norton et al, 2002). A randomised double blind controlled study
showed a 50% decrease in incontinence episodes in 50% of patients. Cure (no leakage) was

not reported and over a fifth (22%) stopped the medication because of side effects (Van

" http://www.aafp.org/afp/20000501/2719 {5.jpg at 22:35GMT on 26.10.04.
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Kerrebroeck et al, 2004). Whilst this might be better than other medications, it is still less

effective than surgery and patients need to take tablets regularly, which depends on their

compliance.

B. Surgical measures:

Many continence operations have been described, but they can be broadly grouped into the

following categories (Jarvis, 1994);

vaginal bladder neck buttressing, as done in anterior repair and Kelly's sutures.

sling operations, using either autologous, such as the rectus sheath and fascia lata,

cadavers, animal or synthetic material.

retropubic  suspension operations, such as the Burch and Marshall-Marchetti-Krantz

colposuspensions.

long needle suspension, without cystoscopic control, as with Pereyra procedure, or with

cystoscopic control, as in Stamey operation.

bladder neck injections using urethral bulking agents, like silicone or collagen.

Anterior repair with bladder neck buttressing:

This is a commonly performed operation for cases associated with anterior vaginal wall
prolapse (cystocele), making it a familiar procedure for the ordinary gynaecologist (Royal
College of Obstetricians and Gynaecologists, 2003). Although short term results are good,
with cure rates in the range of 67.8 - 72% (Jarvis, 1994), there is a definite decline with time,
reaching 30% at 5 years (Bergman & Elia, 1995). A recent Cochrane review concluded that

the procedure is inferior to open retropubic operations (Galzer & Cooper, 2004).
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2. Colposuspension:

Bladder

Vagina

Figure No. 2.6. The Burch colposuspension’.

Marshall-Marchetti-Krantz operation was the first colposuspension to be described. It entails

suturing the area on either side of the bladder neck to the periosteum of symphysis pubis

* htp://www.urogynaecology.com.au/images/Vag_ant rep2.jpg at 14:06GMT, on 3.11.04.
* http://www.urogynaecology.com.au/images/Sml_Colposuspension1.jpg at 21:12 GMT on
26.10.2004.
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(Marshall et al, 1949). The success rate was 82%, with a further 7% showing some

improvement. The main problem with this operation was the development of osteitis pubis.

In order to avoid osteitis pubis, Burch anchored the sutures to Cooper's (pectineal) ligament
and the procedure was since named after him (Burch, 1961). It was further modified by
Tanagho in 1976 (Tanagho, 1976), who took the lateral dissection to the pubocervical fascia,
avoiding midline nerves and muscles, placing the distal suture at the level of the mid-urethra
and the proximal 2cm lateral to the bladder neck. He also used delayed absorbable sutures
(dexon) and discouraged placing much tension on these sutures, so as to avoid tissue

necrosis, which could lead to failure, and kinking of urethra, which might cause voiding

dysfunction.

The procedure works by elevating the bladder neck above the pelvic floor such that any rise in
the intra-abdominal pressure is transmitted equally to the bladder and the bladder neck,
preventing leakage. It increases the support to the proximal urethra, which is brought close to
the symphysis pubis, enabling its compression during increased intra-abdominal pressure, with

an element of bladder outlet obstruction (Stanton, 1985; Monga & Stanton, 1994).

It combines a high short term success rate of 90% (Burch 1968; Stanton & Cardozo, 1979;
Jarvis 1994) and slow decline over time (Bergman et al, 1989), reaching a plateau of 69% at 10
years (Alcalay et al, 1995), which is better than most surgical procedures (Herbertsson & losif,
1993). It has therefore been regarded as the gold standard for assessing new procedures

(Cardozo et al, 1999), a view endorsed by a recent Chocrane review (Lapitan et al, 2004).
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It is usually done under general anaesthesia through a long abdominal incision and entails
extensive dissection of the retropubic space, which can lead to bleeding. A suprapubic catheter
is left for clamping few days later, while the patient remains in hospital. There is also the risk of
bladder perforation that can pass undetected (Stevenson et al, 1999). Elderly patients are

particularly at risk of early voiding difficulty after colposuspension (Smith & Cardozo, 1997).

Long term problems include voiding dysfunction, which has been reported in up to 20% of
cases (Lose et al, 1987) and de novo detrusor overactivity, in up to 18% of patients (Cardozo et
al, 1979). Vaginal prolapse may develop in 25% of cases and dyspareunia in 10% within 5
years (Wiskind et al, 1992). Burch encountered enterocele in 7.6% of cases, prompting him to

advocate obliterating the cul-de-sac, as a preventive measure (Burch, 1968).

Laparoscopic colposuspension:

Figure No. 2.7. Laparoscopic colposuspension”,

With advances in instrument and imaging design, it became possible to perform

colposuspension laparoscopically (Smith & Stanton, 1998). The effectiveness of the technique

“"htp://uk.search.yahoo.com/search/images?p=laparoscopic+colposuspension&ei=UTF-
8&fl=0&fr=fp-tab-web-t&b=21, at 14:25GMT, on 3.11.2004.
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however varied in different reports. Subjective cure rate ranged from 70% (Flax, 1996) to 100%

(Carter, 1995) and objective cure rate from 89% (Ross, 1998) to 100% (Pelosi & Pelosi, 1998).

As a minimally invasive technique, it has several advantages. Incisions are small (Liu, 1994),
which, in addition to being cosmetic, reduces post-operative pain and analgesic requirements
(Su, 1997). Patients are often discharged home early (Vancaillie & Schuessler, 1991) and their

recovery is shorter (Liu, 1993; Su et al, 1997, Fatthy et al, 2001).

Nonetheless, the technique has a steep learning curve (Buller & Cundiff, 2000) and thus a long
operating time (Kohli et al, 1997; Summitt et al, 2000). A recent Cochrane review (Moehrer,
2004) concluded that laparoscopic colposuspension has a poorer long term success rate than
open colposuspension. Although it does speed patient recovery, it takes longer to perform and
might be associated with increased surgical complications. This meant that the role of

laparoscopic colposuspension is certain to be limited, especially with the introduction of

tension-free vaginal tape (TVT) sling.

3. Sling operations:

In 1942, Aldridge described sling operation using rectus sheath fascia (Aldridge, 1942).
Abdominally, a horizontal strip of the fascia is raised, retaining the attachment at the midline.
Vaginally, a tunnel is made on either side of the urethra at the level of the bladder neck. After
plicating the endopelvic fascia underneath the bladder neck, the fascial strips are brought down
through the tunnel, to be sutured undemeath thé bladder neck. A long abdominal incision is

needed to raise the sling (Barrington et al, 2002) and the fascia might be inherently weak in

patients with stress incontinence (Uimsten et al, 1987).
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Since then, several natural and synthetic sling materials have been used. Autologous fascia
lata slings require an additional incision. Allografts, like fascia lata (Handa et al, 1996), and
xenografts, like porcine dermis (losif, 1987), have been tried as well. Both need to be treated to
eliminate their antigenicity (Buck & Malinin, 1994) and reduce the risk of viral transmission
(Bidmead & Cardozo, 2000a). Whilst synthetic slings are easily available, there is the risk of

local tissue reaction, which might lead to infection or erosion (Chin & Stanton, 1995).

v by - ~e
‘m  Abdominal
t incision

Figure No. 2.8. Sling operation”.

Cure rates ranged between 82% (Leach et al, 1997) and 85% (Jarvis, 1994). Yet, complication
rates were higher than with colposuspension (Black & Downs, 1996). Up to 16% developed
voiding dysfunction (Ghonheim & Shaaban, 1994) and the rate of de novo detrusor overactivity
was 33% (Weinberger & Ostergard, 1995). Besides, there were the usual problems of bleeding
and wound infection. These features and those related to the wounds for autologous slings as

well as the risk of mesh erosion made slings rather unpopular (Bidmead & Cardozo, 2000).

’ httg://www.urogynaecology.com.auﬁmages/sling.gif, at 14:15GMT, on 3.11.04
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Minimally invasive slings:

Three minimally invasive sling techniques have been explored to reduce the problems

associated with sling surgery;

1.

Short autologous (modified pubovaginal) sling, which reduced the length of the abdominal
incision required to harvest the rectus sheath fascia, with its attendant problems (Loughin,
1996). Initially, the sling was left attached to the rectus sheath on one side (McGuire &
Lytton, 1978), then both sides were cut, fixed with sutures and passed alongside the
urethra to be fixed to the anterior rectus sheath (Loughin, 1996), hence the name slingon a
string (Lucas et al, 1996).

The tension-free vaginal tape (TVT) sling, where a knitted prolene mesh is placed without
tension at the level of mid-urethra (Ulmsten et al, 1996). This avoids the need for a long
abdominal incision and reduces the incidence of voiding dysfunction, de novo detrusor
overactivity as well as mesh erosion and infection (Uimsten et al, 1999).

Pelvicol, a diisocyanate cross linked porcine dermal implant, was tried to shorten the
abdominal incision (Barrington et al, 2002). The ends of the pelvicol mesh are fixed with

sutures and passed alongside the urethra to be fixed to the anterior rectus sheath, as with

the short autologous sling (sling on a string).

The tension-free vaginal tape (TVT) sling, has revived interest in sling procedures (Bidmead &

Cardozo et al, 2000). It has been shown to have similar effectiveness to the Burch

colposuspension in a randomised controlled trial (Ward & Hilton, 2002). However, it is rather

expensive, costing over £600 (Arunkalaivanan & Barrington, 2003) and still carries the risk of

erosion (Hilton et al, 2003). The pelvicol sling had a subjective cure rate of 85% at 6 months
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(Barrington et al, 2002), yet there are those who may not be happy with the use animal and pig
material. The short autologous sling had a subjective cure rate of 73% at a mean follow up
duration of 15 months (Loughin, 1996). Little work however has been carried out to compare all

three techniques.

Alternative versions of the tension-free vaginal tape have been described including intravaginal
slingoplasty (IVS) (Petros, 1999) and suprapubic (Deval et al, 2003) as well as transobturator
tapes (De Leval, 2003). A randomised controlled trial comparing tension-free vaginal tape

(TVT) and transobturator slings is currently underway in the United Kingdom.

4, Needle suspension:

Figure No. 2.9. Needle suspension".

In 1959, Pereyra described needle suspension as a simplified alternative to suprapubic bladder

neck surgery (Pereyra, 1959). A steel wire suture was passed through the vagina on each side

5 h_ttg/lwww.emedicine.com/medlimages/1471med3057-19.ipg.'|gg, at 14:14GMT, on 3.11.2004
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of the bladder neck to be tied over the anterior rectus sheath, approached through two small
suprapubic skin incisions. He used a long needle with an eye near its end to pass the suture.

He later used an absorbable suture and incorporated an anterior vaginal wall repair (Pereyra &

Lebhertz, 1967).

Further modification were introduced by Stamey, (1973), incorporating a dacron buffer into the
periurethral suture, to prevent cutting through tissues, and adding cystoscopic examination of
the bladder, to ensure its integrity. Although early success rate was good, 91% (Stamey, 1980),
long term studies showed a drop reaching 50-70% at one year (Hilton & Mayne, 1991; Bosman
et al, 1993) and 40% at 5 years (Bergman & Elia, 1995). A recent Cochrane review concluded

that needle suspension is inferior to open retropubic bladder surgery (Glazer & Cooper, 2004a).

5. Bladder neck injections (urethral bulking agents):

Figure No. 2.10. Paraurethral injection of urethral bulking agents".

r httg:llwww.barditalia.itluro|ogiaﬁncontinenzaflmages/contigen r3_c4.qif, at 14:40GMT, on
3.11.2004.
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The term "injectables" has been used to describe compounds implanted into the periurethral
tissues to bulk the area (Stricker & Haylen, 1993). Agents exert pressure on the lumen by
coapting the urethral mucosa (Eckford & Abrams, 1991) such that the intrinsic sphincter

becomes more able to stand increases in intra-abdominal pressure (Duckett, 1998). Collagen

and silicone are the most commonly used agents.

Injections are made either transurethrally through the cystoscope, (Cross et al, 1998) or
paraurethrally under cystoscopic guidance (Khullar et al, 1997). Injections are carried out till
good coaptation of the mucosa is observed. They can be carried out under local anaesthesia in

outpatient clinic, which suits high risk patients (Stanton & Monga, 1997; Cross et al, 1998).

Cure rates of over 50% at 1 year have been reported (Monga et al, 1995; Koelbl et al, 1998).
However, there is a decline over time, necessitating repeat injection (Khullar et al, 1997; Sheriff
et al, 1997). Complications are minor. Retention of urine usually resolves within 24 hours
(Monga et al, 1995). Other complications include urinary tract infection (Stanton & Monga,

1997; Koelb! et al, 1998), haematuria as well as de novo detrusor overactivity (Stothers et al,

1998).

The nature of collagen injections has some implications for its use. Being an animal product, it
can cause an allergic reaction, requiring a skin allergy test (Duckett, 1998). Delayed
hypersensitivity reactions have been reported after a negative skin test, which might
necessitate double skin testing (Stothers & Goldenberg, 1998, Stothers et al, 1998). As it is

obtained from cows, it can, at least in theory, transmit Creutzfeldt-Jakob disease (CJD), the
human form of bovine spongiform encephalopathy (mad cow disease). This is insignificant at
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the moment as all injections are prepared from a special herd grown on grain products in the

United States of America, where no such cases have been encountered up till now.

A recent Cochrane review (Pickard et al, 2004) concluded that bladder neck injections provide
short term subjective and objective improvement in symptoms. Two or three injections might be
required to ease symptoms for 12 months, which is inferior to other surgical procedures like the
Burch colposuspension and the tension-free vaginal tape (TVT) sling. Whilst they suit high risk
patients, the introduction of the tension-free vaginal tape (TVT) sling reduced their role, as even

frail patients can have a TVT sling inserted under local anaesthesia as a day case (National

Institute of Clinical Excellence, 2003).

Summary:

Pelvic floor exercises are the most commonly used non-invasive measure for urodynamic
stress incontinence of urine. They entail regular active contraction of pelvic floor muscles to
improve their tone and reflex contractility, so as to prevent leakage of urine during stress-
provoked increase in intra-abdominal pressure. The technique is simple and has no side
effects. However, it requires explanation and training of patients, which in turn relies on input
from physiotherapists. It also takes time, which makes the method dependent on patient

compliance. Cure rates are in the range of 30-50%, which is inferior to surgery, and do not get

better with the use of biofeedback or vaginal cones.

Electrical stimulation effects passive contraction of pelvic floor muscles, so as to improve their
tone and reflex contraction and thus avoid urinary leakage on stress, as with pelvic floor

exercises. Although modern equipment is simple, consisting of single electrodes and portable
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devices, the technique requires the same level of explanation and professional input as with

pelvic floor exercises, so that patients can apply the technique properly.

The technique was meant to reduce dependence on patients, as they need not actively
contract their muscles. Nonetheless, active patient involvement seems to be central to the
success of treatment, with results of electrical stimulation being less than pelvic floor exercises.
Furthermore, patient compliance remains important, as patients need to insert electrodes and

operate devices on schedule. Moreover, they can experience side effects, which can lead to

discontinuation of treatment.

Other non-invasive methods rely on devices and medication. Devices control, rather than treat,
leakage as long as they are kept in place. They have never been popular, as they are quite
difficult to handle, especially for elderly patients, and can lead to pain, haematuria as well as

urinary tract infection. Medical treatment never reached wide use, due to limited impact and

side effects.

The Burch colposuspension has long been regarded as the gold standard operation for its
durable long term success rate. It works by restoring the intra-abdominal position of the bladder
neck, to ensure equal transmission of any rise in the intra-abdominal pressure to the bladder
and the bladder neck, so as to prevent leakage. It requires general anaesthesia and entails a
long abdominal incision. There is extensive dissection of the retropubic space, which can lead
to bleeding as well as bladder injury. A suprapubic catheter is inserted at the end and patients
need to stay in hospital for few days till they are able to void satisfactorily. In the long term,

there is the risk of voiding dysfunction and de novo detrusor overactivity.
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Slings have evolved from long strips of rectus sheath fascia left attached to the rectus sheath in
the midline to small strips that are fixed with sutures to the rectus sheath. A variety of other
materials have been tried, including autologous and allogenic fascia lata as well as synthetic
and animal material. Although success rates have been good, the incidence of complications
was higher than with colposuspension. These complications included voiding dysfunction, de

novo detrusor overactivity as well as sling erosion, especially with synthetic material.

Interest in slings however was revived with the introduction of the tension-free vaginal tape
(TVT) sling. The minimal dissection involved enabled performing the procedure as a day case
and the tension-free insertion reduced the incidence of voiding dysfunction, de novo detrusor
overactivity as well as tape erosion. Its effectiveness is comparable to that of the Burch
colposuspension. The procedure however is expensive and still carries the risk of tape erosion.

Newer forms of such minimally invasive slings are being explored.

Other forms of surgery, such as anterior repair and bladder neck buttressing, needle suspension

as well as bladder neck injection, have fallen out of fashion due to poor long term resuits.
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3. Extra-corporeal magnetic energy stimulation:

Background:

In recent years, magnetic energy has become an important tool in investigation and treatment.
Electromagnetic stimulation has been used in nerve conduction studies (Evans, 1991) as well
as stimulation of brain tissue (Barker et al, 1985), as an alternative to electroconvulsive therapy
(Goldberg & Sand, 2001). Magnetic resonance imaging (MRI) has become a standard
investigation of masses, known for accuracy and precision (Salvatore, 1996). Electromagnetic
stimulation has been applied in chronic pelvic pain (Rowe et al, 2005) and erectile dysfunction
(Pelka et al, 2002). In urogynaecology, it has been used for detrusor overactivity (McFarlane et
al, 1997), stress incontinence of urine (Galloway et al, 1999) as well as mixed incontinence

(Almeida et al, 2004). it has also been investigated for atonic urinary retention, such as

following spinal cord injury (Brodak et al, 1993).

Physics of electromagnetic stimulation:

The technique relies on the close link between electricity and magnetism. The passage of
electric current generates a circular magnetic field (Goldberg & Sand, 2000) and exposure to
such magnetic field generates an electric current, according to Faraday's law (Roth et al,
1991). Tissue exposure to electromagnetic fields generates eddy currents, which leads to

stimulation of nerves and muscles (Ishikawa et al, 1998) in a similar way to electrical

stimulation (Brodak et al, 1993).

Factors affecting electromagnetic fields:

Electromagnetic fields are influenced by a number of factors, which will influence their effects:
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1. Frequency:

Higher frequency waves have shorter wave lengths and carry more energy than lower
frequency waves, which have longer wave lengths. Extremely low frequency fields are
generated around electric appliances. These have frequencies up to 300 Hz. Intermediate
frequency fields have frequencies from 300 Hz to 10 MHz. Radiofrequency waves, like those
generated by mobile phones, television and radio transmission, range from 10 MHz to 300
GHz. At very high levels, electromagnetic fields can break bonds between molecules, leading
to ionisation of tissues, such as gamma rays generated by radioactive materials. Less powerful

fields are called non-ionising”. Extra-corporeal magnetic stimulation of the pelvic floor muscles

utilises low frequency, 10-60Hz (Yamanishi et al, 2000).

2. Type of current used to generate them:

A direct current (DC), where electricity flows only in one direction, creates a static field. On the
other hand, an alternating current (AC) changes its direction at regular intervals, creating a time
varying field that changes its orientation at the regular intervals®, In addition to providing repeat
stimulation with each change in direction, it enables stimulation at low energy levels (Lyskov et

al, 1993). Extra-corporeal magnetic stimulation of the pelvic floor muscles relies on alternating

current to generate time varying fields (Yamanishi et al, 2000).

3. The stimulation coil:

The distribution and focal length of penetration of the electromagnetic field generated depend

on the diameter and shape of the coil used (Goldberg & Sand, 2001; Charlet de Sauvage et al,

" hitp:/lwww.who.int/peh-emf/about/WhatisEMF/en/, at 14:00GMT, on 22.7.2005.
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2003). For pelvic floor muscles, a concave coil, bent at the front and the back, like a saddle
matching the perineum, helps better focus on the pelvic floor than a circular one (Yamanishi et
al, 2000). Computer modelling showed that a coil 12cm long, 9cm wide and Scm thick is the

most suitable design for stimulation of the pudendal nerves and pelvic floor muscles (Ishikawa

et al, 1998).

The orientation of the coil in relation to the target organ is vital for proper exposure of the target
organ to the electromagnetic fields (Maccabee et al, 1988). For pelvic floor muscles, the coil is
placed horizontally under the treatment chair, such that the fields are generated towards the
perineum when patients are in the seating position. The flux is perpendicular to the coil plane
(Hallett & Cohen, 1989), hence it is important for patients to sit straight on the chair, to ensure

that the field generated is focused on the pudendal nerves and the pelvic floor muscles.

4, Distance between the source and target organ:

The density of electromagnetic fields, referred to as flux density and measured in microtesla
units (uT), diminishes predictably with the inverse square of the distance from the source
(Goldberg & Sand, 2001). In the case of exira-corporeal magnetic stimulation of pelvic floor
muscles, the distance is between the stimulation coil, located underneath the treatment chair,
and the pelvic floor muscles. Experimental work showed this to be about 5¢cm distance, and

guided adjustment of the current used to generate fields at density (strength) appropriate for

the stimulation required.

The limits of stimulation area however are rather difficult to define (Barker, 1991). Patients

therefore should not use electronic equipment during treatment and the treatment is contra-

* hitp://www.who.int/peh-emflabout/WhatisEMF/en/, at 14:00GMT, on 22.7.2005.
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indicated in those with metal prosthesis, such as cardiac pacemakers. Electromagnetic fields

can generate electric current, and possibly heat, around these objects, causing tissue damage.

4. Resistance to transmission:

Tissue permeability to electromagnetic fields is equal to that of air (Roth et al, 1991). There is
no need therefore to insert stimulation electrodes (Barker et al, 1987). The lack of tissue
impedance also means that no current is generated at the skin surface; avoiding pain,
discomfort and heat generation at the surface, which can be encountered with electrical
stimulation (Hallett & Cohen, 1989; Goldberg & Sand, 2001). Furthermore, the fields pass
easily through clothes (Yokoyama et al, 2004) and patients therefore do not have to undress.

All these features apply to extra-corpreal magnetic stimulation of pelvic floor muscles (Galloway

et al, 1999).

Safety of electromagnetic fields:

As electromagnetic fields are generated by the passage of electric current, they have existed
for many years around electric equipment at home and near power lines outside. Everyone is
exposed to them as part of day to day life nowadays, for example upon watching television and

using mobile phones. It is fair to say that any link to disease or untoward effects would have

been detected by now".

In theory, exposure of human tissue to electromagnetic fields leads to generation of electric
current, which in addition to its stimulatory effect on nerves and muscles, can generate heat.

Both the current and the heat generated depend on field strength, proximity to its source as

" hitp:/fwww.who.int/peh-emf/about/WhatisEMF/en/, at 14:00GMT, on 22.7.2005.
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well as duration of exposure. Notwithstanding its limitations, research has so far shown no risk

from day to day exposure either to health in general, pregnancy or causation of cancer*.

The risk of more focused and sustained exposure during investigation and treatment is different
from that of background exposure. Laboratory research has so far shown no specific hazard to
general health, genetic division, which is related to procreation (Grandolfo et al 1991; McCann
et al, 1998; Charlet de Sauvage et al, 2003), or causation of cancer (de Seze et al, 2000).
Electromagnetic fields have been investigated and refined (Wassermann et al, 1996) with clear
definition of safety limits (Pascual-Leone et al, 1993). No harmful effects have been reported up
till now for proper use of the licensed techniques (Cohen & Hallett, 1988; Jalinous, 1991; Chen
et al, 1997). The device used for Extra-corporeal Magnetic Innervation (ExMI) has undergone

several tests and was approved by the Food and Drug Administration (FDA) in the United

States of America (Goldberg & Sand, 2000).

The safety of exposure to electromagnetic fields during pregnancy is yet to be established (De
Wilde et al, 2005). Most of the work done in this area relates to assessing the use of magnetic

resonance imaging (MR!) and covers a number of areas;

1. Tissue heating: This has raised concern (Kanal, 1994), as it can affect brain development
(Edwards et al, 2003).

2. Gadodiamide, which is used in enhanced films: It has been linked to skeletal malformation

in animal studies, hence it should not be used in the first trimester (Birchard et al, 2004).

Time varying electromagnetic fields, which are applied in extra-corporeal magnetic

innervation: No significant teratogenic effect has been reported (Rodegerdts et al, 2000),

but an increased incidence of miscarriage has been noted (Li et al, 2002). In addition, rapid

* hitp://www.who.int/peh-emf/about/WhatisEMF/en/, at 14:00GMT, on 22.7.2005.
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changes in current can cause coil vibrations, generating noise. Whilst mothers are
protected by earplugs or headphones, the fetus is not. Transmission is reduced as the

noise passes through the abdomen, though the effect on fetal hearing development

remains unclear (De Wilde et al, 2005).

However, no actual adverse fetal side effects have been reported and the advice is to weigh
the likely benefit against potential risk in individual cases (Birchard et al, 2004). For extra-

corporeal magnetic stimulation of pelvic floor muscles, the effect remains unknown.

Mechanism of action:

The technique involves stimulation of pelvic floor muscles by time-varying electromagnetic
fields, generated by alternating current (AC) passed around a metal bar. According to
Faraday's law of magnetic induction, an electric current is generated in response to changing
magnetic fields (Liboff & Jenrow, 2002). Such current will lead to depolarisation of the resting
electric potential of the nerves and muscles in the pelvic area into an action potential, causing
muscle contraction (Barker, 1991). The level of these fields, and thus the contractions they

induce, is adjusted by altering the level of current, according to the level of pain perceived by

patients (Galloway et al, 1999).

The nature of electromagnetic fields enhances their stimulatory effect. Whereas nerve
conduction is uni-directional, magnetic fields spread both distally, leading to depolarisation of
the muscle cell, directly effecting a contraction, as well as proximally, stimulating the nerve cell
body in the spinal cord, leading to another contraction. Collateral transmission leads to more

contraction of the pelvic floor muscles, both smooth and striated (Galloway et al, 2000).
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The aim is to build muscle strength and endurance as with electrical stimulation. Repeated
contractions lead to hypertrophy of these muscles, especially those supporting the bladder and

urethra, so as to improve stress incontinence. Likewise, patients will have an increased

awareness of their pelvic floor.

Equipment:

During early stages of technique development, stimulation was carried out with patients in the
prone position and coils were fixed over the sacral area (Fujishiro et al, 2000). The aim was to

stimulate the sacral nerve roots supplying pelvic floor muscles. This was rather inconvenient for

patients, who had to lie face down for half an hour.

Figure No. 3.1. The control unit and the treatment chair (left) and a diagrammatic
representation of electromagnetic fields traversing across pelvic floor muscles (right)".

Further improvements were made by Neotonus Incorporation in collaboration with the Georgia
Institute of Technology and Emory School of Medicine, in the United States of America

(www.neocontrol.com). The stimulation coil was placed undemeath a chair so as to target both

'2 ré_tt%//m1 1.medica.de/cache/pica/1/7/5/9/8580107789281 9/Kombibild.jpg, at 22:35GMT, on
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pelvic floor muscles and the pudendal nerves. As a result, patients can sit comfortably during

treatment session. The new machine consists of a control unit and a treatment chair.

1. The control unit:

The control unit is computerised to set the pulses at which the waves of magnetic fields are
generated. It contains control buttons and switches, a monitoring screen as well as a modem
for external communication, needed for paying for treatment sessions. It also contains the

generator that produces the current, which then passes through the coil. The unit is compact

and has the size of a personal computer “C” drive.

Diocks
b
P
Traformer 8CR
Divde Bridge IGRT

Figure No. 3.2. The electric circuit used for magnetic stimulation (Courtesy of Neotonus).

The control unit is operated using programmed patient cards, which contain planned treatment
for individual patients, stored in a small memory chip. Cards are inserted into the control unit

before each treatment session begins, and all completed sessions are tracked by the system to

ensure matching the treatment plan.
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2. The treatment chair:

The treatment chair fits easily into a clinic and has arms to provide comfortable seating for
patients. It has the therapy head (stimulation coil) from which magnetic fields are generated.
This is situated undemeath the chair, so as to ensure a direct focus on pelvic floor muscles.

The coil is wrapped around a hollow copper conductor pipe which is cooled from inside to keep

the temperature below 25°C (Ishikawa et al, 1998; Yamanishi et al, 2000).

Figure No. 3.3. Three dimensional view of the stimulation coil (Courtesy of Neotonus)

Treatment:

Contraindications:

Contraindications to the use of the technique include;

Pregnancy, as the impact of this treatment on pregnancy is still to be determined.

- Diminished sensory perception, as this will make it difficult to adjust power level.

Patients with cardiac pacemaker or defibrillator, metallic prosthesis and metal-containing
intrauterine contraceptive device, as the metal part of the device could become hot upon

exposure to electromagnetic fields, and this heat might cause tissue damage.
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- Patients recovering from pelvic surgery, to avoid possible effects on tissue healing, such as

stretch by pelvic muscle contraction.

Sessions:

Treatment sessions are held twice a week, each lasting 20 minutes. To prevent muscle fatigue,
intermittent stimulation is used, 5 seconds on and 5 seconds off, and sessions should not
exceed 30 minutes at any time. The first 10 minutes are of low frequency (5 HZ), to build
muscle endurance, and the subsequent 10 minutes are of high frequency (50 Hz), to build
muscle strength (Almeida et al, 2004). Whilst most studies reported 8 weeks treatment (Unsal

et al, 2003; Yokoyama et al, 2004), some reported 6 weeks treatment (Galloway et al, 1999) .

At the start, the procedure is explained to patients, who are advised to empty their bladder
before sitting on the chair. They should aim to keep their buttocks close to the centre of the
chair, so as to get the best exposure of the pelvic floor muscles to the electromagnetic fields.

They do not have to remain still, but they should not slide forwards or shift to one side.

Value:

Urodynamic studies:

One study described cystometric assessment of 24 female patients with urodynamic stress
incontinence of urine before and after treatment (Almeida et al, 2004). It showed an increase in
valsalva leak point pressure (VLPP) that correlated with clinical improvement. Another study
provided urethral pressure profilometry before and after treatment (Yamanishi et al, 2000).
However, it included male and female patients with a mixture of urodynamic stress

incontinence of urine and detrusor overactivity. Maximum urethral closure pressure and
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maximum intraurethral pressure were significantly increased, but there was no significant

change in functional urethral length.

Clinical effectiveness:

There have been a number of published papers to date,

The first one (Galloway et al, 1999) was unusual in many respects;

1.

The study was intended for patients with stress incontinence of urine. However, its
methodology does not indicate that patients had urodynamic assessment to confirm the
diagnosis of urodynamic stress incontinence and rule out detrusor overactivity and mixed

incontinence. Yet, the resuits imply that 5 patients had detrusor overactivity before

treatment, falling to 1 after treatment.

The study included patients with significant degrees of vaginal wall prolapse (reaching
grade Ilf cystocele). These patients are usually excluded from studies assessing treatment
for stress incontinence of urine, as such degrees of prolapse can confound the outcome.
The study included a validated quality of life survey. Nonetheless, no questionnaire was
specified and information was not provided about values before and after treatment,

The study included a pad test for objective assessment of outcome. Yet, the test used was
referred to as “dynamic pad test’, without any reference to look it up. Whereas other pad
tests, such as the International Continence Society's 1 hour pad test (Abrams et al, 1989),
are specified with known cut levels of leakage, no information was provided about this test.
No information was provided about the outcome at the end of treatment. Instead, outcome
was described at three months follow up.

Pad test results do not show how many patients were considered dry and how many
patients were still incontinent. Instead, mean values were provided, with no standard

deviation given. This makes it difficult to reach a conclusion as to the effect of treatment.
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7. It showed a subjective cure rate of 34%, on the basis of not requiring a pad, rather than
having no leakage, with further 32% using one pad per day. Although there was significant
reduction in the number of leakage episodes, no information was provided as to the
number of those patients having no leakage or a small number of leakage episodes per
day. This makes it difficult to judge the outcome in terms of cure.

8. The authors indicated that the technique is painless, yet no information was provided about

patients perception of pain or the reason why only 64 patients, out of an initial of 83,

completed the study (22.9% drop out rate).

Six months follow up resuits of the same study were reported later, using the same
methodology (Galloway et al, 2000). Again, no information was provided about patients having
detrusor overactivity, mixed incontinence or prolapse and pad test values were not given. The
cure rate was 28%, defined as patient not using pads, and the improvement rate was 53%,
defined as using no more than 1 pad per day. Leakage episodes were significantly less, but the
range was wide. The validated quality of life survey was specified as the Incontinence Quality

of Life Instrument (1-Qol), but total scores, rather than individual subscales, were given.

A drop in cure rate can be seen between the two reports, from 34% at 3 months to 28% at 6
months. The improvement rate increased from 32% to 53%, which might suggest that those
who deteriorated over the three months period were still better off, though this was not
specifically confirmed by the authors (Galloway et al, 2000). The median frequency of leakage

episodes remained the same, 1.7, but no further information was provided. No information was

given about the pad test or the quality of life.
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The second study included 7 female patients with urodynamic stress incontinence (Yamanishi
et al, 2000). Two patients were cured (28.6%), and 4 patients were improved (57.1%). There
was a significant reduction in daily leakage episodes and a significant improvement in quality of
life scores. Yet, there was no change in nocturnal leakage or the number of pads used per day.

No adverse effects were encountered but a patient dropped out of the study.

The third study (Unsal et al, 2003) included 37 patients with urodynamic stress incontinence.
Cure was defined as a negative pad test. One year follow up data was available for only 29
patients (78.4%), showing 37.9% cure rate, 41.4% improvement rate and 20.7% failure rate.
Urodynamic evaluation showed significant increases in bladder volume at first desire to void,
maximum cystometric capacity and valsalva leak point pressure. The frequency of leakage
episodes decreased significantly as well, from 3.8 + 1.7 to 1.5 + 1.4. No patient experienced

pain and there were no adverse effects either during or after treatment.

The fourth study (Yokoyama et al, 2004) included 17 patients with urodynamic stress
incontinence. It reported a cure rate of 52.9%, defined as no incontinence and <2g leakage on
1 hour pad test, and an improvement rate of 41%, defined as 50% reduction in incontinence
frequency or pad test. At 24 weeks follow up, the cure rate dropped to 31.3% and three

patients out of the 9 that were considered cured at the end of treatment (33.3%) required

surgery.

The fifth study (Almeida et al, 2004) included 91 patients. Yet, only 41 of them had
urodynamics before treatment and of these only 24 had urodynamic stress incontinence of
urine. Although 37% of patients were dry at the end of treatment, patients were pooled

together, making it difficult to assess the outcome in the urodynamic stress incontinence group
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alone. Moreover, there was a rapid and progressive recurrence rate reaching 47% at 3 months,

61.7% at 6 months and 94% at 12 months.

It is difficult therefore to reach a meaningful conclusion as to the effectiveness of this technique,

given the limitations of available research.

No serious side effects have been reported, however data are limited as outlined already

(Yamanishi et al, 2000). Patients may feel some discomfort, tingling and/or heat in the perineal

area or involuntary movements the lower limb(s).

Limitations:

- The method is a form of passive muscle exercise, which is not as effective as active
muscle exercises, as referred to when discussing electrical stimulation of the pelvic floor
muscles.

- The technique depends on communication with the manufacturer in the United States of

America to register patient data and initiate cards. This requires communication support

and treatment can be interrupted as a result of problems.

The treatment relies on payment, as communication is made for individual patients, which

represents a form of recurrent cost. On the other hand, payment for electrical stimulation

devices is made only on purchase, capital cost.

- The technique requires the presence of a health professional, in the form of a nurse or a
physiotherapist. Although such professional does not have to be with the patient for the 20

minutes duration of the session, the machine will need to be operated by her/him.
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- The technique requires hospital attendance, as there are no home devices as yet. The

technique therefore still depends on some form of patient compliance.

Summary:

Extra-corporeal magnetic energy stimulation of pelvic floor muscles relies on intermittent pulses
of magnetic fields for stimulating pelvic floor muscles. These fields traverse the pelvic area
easily such that patients do not have to undress or insert electrodes, as with electrical
stimulation. Yet, they have to be seated during treatment sessions, to ensure good exposure
of pelvic floor muscles to the stimulating fields. As these fields can generate heat around metal
objects, the method is contraindicated in those with metal prosthesis. Likewise, patients should

remove all metal objects from their pockets and refrain from using electronic equipment during

treatment session.

Treatment is provided using a small office machine and relies on communication with the
manufacturer in the United States of America, to pay for individual sessions. Sessions are
scheduled twice weekly over 8 weeks, lasting 20 minutes each and the stimulation power is
adjusted according to patients’ perception of pain. Information about the value of the technique
is limited, in the number of studies as well as their scientific rigor, but suggest 40% cure rate

and 40% improvement rate. Side effects are said to be minimal, although a 20% drop out rate

has been reported.

For patients considering non-invasive management of their urodynamic stress incontinence,
the technique represents an alternative to electrical stimulation. It avoids the need to undress
and insert electrodes, but requires repeated hospital attendance as well as remaining seated

during treatment sessions. It promises a painless treatment but has not been proven to be an
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effective method as yet. It is therefore difficult to recommend introducing it into clinical practice

without further research.
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Aim:

The aim of the study was to assess the efficacy and side effects of extra-corporeal magnetic

energy stimulation pelvic floor muscles, as a non-invasive approach for urodynamic stress

incontinence of urine in women.

Study design:

The study was a prospective one, without a control arm.

Outcome measures:

A 20% reduction in leakage according to the standard International Continence Society 1 hour

pad test (Abrams et al, 1989) was considered the primary outcome measure.

Successful completion of treatment and changes in leakage episodes, pad usage as well as
quality of life scores were considered secondary outcome measures. Patients kept a
continence diary (frequency/volume chart) for the estimation of average daily leakage episodes
and pad usage. Quality of life was assessed using 2 validated questionnaires; the King's Health
Questionnaire and EuroQol. The King's health questionnaire measures the quality of life and
covers both general health and incontinence specific elements (Kelleher, 2000) and the

EuroQol, is a general health questionnaire (Kind, 1996). All questionnaires and diaries were

completed before attending the clinic.
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Sample size:

The primary outcome measure was specified as 20% reduction in pad test. The sample size
calculation was based on noting 70% improvement rate, defined as 20% reduction in pad test,
with pelvic floor exercises (Van Kerrebroeck, 1998). To detect a 20% increase this level of
improvement, to 90%, with 80% power and 95% confidence (0.05 significance) would require 60

cases.

Study candidates:

Female patients with pure urodynamic stress incontinence were invited to take part in the study
as they are seen in outpatient departments. They were provided with a patient information

leaflet and counselled by the nurse co-ordinating the trial. All participants signed a consent

form.

Inclusion criteria:

- female patients with urodynamic stress incontinence of urine.

- negative pregnancy test in fertile women who were not sterilised.

Exclusion criteria:

- patients with arrhythmia or metal prosthesis.

- patients with marked uterine and/or vaginal prolapse (grade 2 or more on clinical

examination).

- patients with proven neurological disease.
- patients with diabetes mellitus.

- patients under 18 years of age.
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- patients taking anticholinergic medication, neuromuscular stimulants or relaxants.

The intervention:

The scheme described by Galloway et al (1999) was followed. Stimulation started at a
frequency of SHz in 5 second pulses alternating with 5 second breaks. Intensity was increased
gradually till reaching 50Hz. This level was maintained for 10 minutes, followed by 2 minutes

rest period and then repeated for another 10 minutes. The longer treatment duration of 8 weeks

(Unsal et al, 2003; Yokoyama et al, 2004) was followed.

Follow up:

Patients were seen at three months after completion of treatment.

Study centres:

The study was carried out at Singleton and Morriston hospitals, in Swansea, South Wales.

Ethical approval:

The study was approved by the local research ethics committee.

Data collection:

Data was collected using case report forms and downloaded onto Microsoft Works 5.0 for

windows database (www.microsoft.com).

Statistics:

All tests were carried out according to standard statistical methods (Altman, 1991) on Stata 6.0

for windows (www.stata.com).

47



Summary of outcome measures per visits:

Recruitment visit:

3 day continence diary.

1hr International Continence Society pad test.

King's health questionnaire.

EuroQol questionnaire.

End of treatment visit:

- 3 day continence diary.
- 1hr International Continence Society pad test.
- King's health questionnaire.

- EuroQol questionnaire.

Three months follow up visit:

3 day continence diary.

1 hr International Continence Society pad test.

King's health questionnaire.

EuroQol questionnaire.
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Results:

A total of 48 patients were recruited at Singleton and Morriston hospital. Of these 48 patients,

31 completed all 16 treatment sessions and 27 attended for follow up at 3 months.

Background features:

Variable Mean (Median) SD (Interquantile range)
Age (years) 51 13

Weight (Kg) 70.0 12.9

Duration of symptoms (months) (60) (33-150)

Table No. 3.1. The distribution of the cohort according to their background features, in
the magnetic stimulation study.

History:

Feature Number (%) Main groups Number (%)

Medical problems | 34 (70.8%) Cardio-pulmonary 18 (37.5%)
Bone and joint 14 (29.2%)

Previous surgery | 38 (79.9%) Hysterectomy 21 (43.8%)
Continence/repair 14 (29.2%)

On medication 32 (66.7%) HRT/COP* 10 (20.8%)
Antidepressants 7 (14.6%)

* HRT: hormone replacement therapy, COP: combined oral contraceptive pill

Table No. 3.2. The distribution of the cohort according to their medical, surgical and
medication history, in the magnetic stimulation study.
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Primary outcome measure:

Outcome at the end of treatment:

Parameter Recruitment | End of treatment | Wilcoxon signed rank
Median (Interquantile range) test
Pad test (gm) 6.4 (1.1-28.7) | 3(0.1-36) P 0.83

Table No. 3.3. Comparison between pad test at recruitment and end of treatment visits,
in the magnetic stimulation study.

Qutcome at the 3 months follow up:

Parameter Recruitment | 3 months follow up | Wilcoxon signed rank
Median (Interquantile range) test
Pad test (gm) 6.4 (1.1-28.7) | 6.3 (0.7-48.5) P 0.40

Table No. 3.4. Comparison of pad test at recruitment and 3 months follow up visits, in
the magnetic stimulation study.
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Secondary outcome measures:

Continence parameters:

Outcome at the end of treatment:

Parameter Recruitment | End of treatment | Wilcoxon signed rank
Median (Interquantile range) test

Daily pad use 1.7 (0-3) 1(0-4) P0.14

Daily leakage episodes 2.3(1-3.3) 2(0.3-2.7) P 0.35

Table No. 3.5. Comparison between continence parameters at recruitment and end of
treatment visits, in the magnetic stimulation study.

Outcome at the 3 months follow up:

Parameter Recruitment | 3 months follow up | Wilcoxon signed rank
Median (Interquantile range) test

Daily pad use 1.7 (0-3) 1.2 (0-3) P 0.83

Daily leakage episodes 2.3 (1-3.3) 2 (1-4) P 0.59

Table No. 3.6. Comparison of continence parameters at recruitment and 3 months follow
up visits, in the magnetic stimulation study.
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Quality of life:

Kings health questionnaire:

Outcome at the end of treatment:

Domain Recruitment End of treatment | Wilcoxon signed rank
Median (Interquantile range) test
General health 0.25 (0.00-0.50) | 0.25(0.00-0.50) | P 0.02
Incontinence impact 0.67 (0.66-1.00) | 0.66 (0.33-1.00) | P0.10
Role limitations 0.66 (0.33-0.83) | 0.50(0.33-0.67) P 0.57
Physical limitations 0.66 (0.33-0.66) | 0.50(0.32-0.83) | P0.97
Social limitations 0.22 (0.11-0.83) | 0.22(0.00-0.55) | P 0.56
Personal relationships | 0.16 (0.00-0.50) | 0.16 (0.00-0.50) | P 0.31
Emotions 0.66 (0.22-0.88) | 0.33(0.11-066) | P0.20
Sleeplenergy 0.33 (0.32-0.50) | 0.50(0.17-0.66) | P 0.53
Severity measures 0.66 (0.50-0.75) |{ 0.58 (0.50-0.83) P 0.93

Table No. 3.7. Comparison between quality of life scores, as measured by the domains

of King’s health questionnaire, at recruitment and end of treatment visits, in the
magnetic stimulation study.
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Symptom scores:

Symptom None Alittle Moderately | A lot P*

Frequency | Recruitment | 13(27.7%) |7 (14.9%) |12(25.5%) | 15(31.9%) | 0.43
End of 11(35.5%) | 5(16.1%) | 11(35.5%) |4 (12.9%)
treatment

Nocturia Recruitment | 13 (27.7%) | 17 (36.2%) | 9(19.2%) |8(17.0%) |0.34
End of 10 (32.3%) | 14(45.2%) |4 (12.9%) | 3(9.6%)
treatment

Urgency Recruitment | 15(32.6%) |7(15.2%) |7(15.2%) | 17(37.0%) | 0.37
End of 10(32.3%) |8(25.8%) |5(16.1%) | 8(25.8%)
treatment

Urge Recruitment | 12 (25.5%) | 12(25.5%) | 14(29.8%) |9(19.2%) | 0.43

incontinence | End of 11 (35.5%) | 10(32.3%) | 3(9.6%) 7 (22.6%)
treatment

Stress Recruitment | 3 (6.4%) 4 (8.5%) 9(19.2%) | 31(66.0%) |0.06

incontinence | End of 5(16.1%) | 1(3.2%) 11 (35.5%) | 14 (45.2%)
treatment

Nocturnal Recruitment | 36 (76.6%) | 7 (14.9%) | 2(4.3%) 2 (4.3%) 1.00

enuresis End of 25(80.7%) |4(129%) | 1(3.2%) 1(3.2%)
treatment

Intercourse | Recruitment | 28 (59.6%) | 7(14.9%) |5(10.6%) |7(14.9%) |0.27

incontinence | End of 23(74.2%) |5(16.1%) | 1(3.2%) 3 (6.5%)
treatment

Frequent Recruitment | 31(66.0%) | 8(17.0%) | 4(8.5%) 4 (8.5%) 0.60

water works | End of 23(74.2%) | 5(16.1%) | 1(3.2%) 2 (6.5%)

infection treatment

Bladder pain | Recruitment | 29 (61.7%) | 9(19.2%) |7 (14.9%) |2(4.3%) 0.24
End of 24 (774%) |6(19.4%) |1(3.2%) 0 (0%)
treatment

Other Recruitment | 45(97.8%) | 0(0%) 0 (0%) 1**(2.2%) |0.32

symptom(s) | End of 30 (96.8%) | 0 (0%) 0 (0%) 1*** (3.2%)
treatment

* Mann-Whitney test ** back pain, *** bladder spasm

Table'No. 38 Comparison of symptom scores, as measured by of the King’s health
questionnaire, at recruitment and end of treatment visits, in the magnetic stimulation

study.
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Outcome at the 3 months follow up:

Domains:
Domain Recruitment 3 months follow up | Wilcoxon signed rank
Median (Interquantile range) test

General health 0.25 (0.00-0.50) | 0.25 (0.00-0.50) P 0.00
Incontinence impact 0.67 (0.66-1.00) | 0.67 (0.33-1.00) P 0.53
Role limitations 0.66 (0.33-0.83) | 0.48 (0.33-0.67) P 0.50
Physical limitations 0.66 (0.33-0.66) | 0.65 (0.17-0.83) P0.71
Social limitations 0.22 (0.11-0.83) | 0.28 (0.11-0.44) P 0.09
Personal relationships | 0.16 (0.00-0.50) | 0.33 (0.16-0.33) P 0.01
Emotions 0.66 (0.22-0.88) | 0.39 (0.22-0.61) P 0.85
Sleeplenergy 0.33(0.32-0.50) | 0.33 (0.25-0.66) P 0.06
Severity measures 0.66 (0.50-0.75) | 0.66 (0.50-0.75) P 0.47

Table No. 3.9. Comparison of quality of life domains, as measured by the King's health
questionnaire, at recruitment and 3 months follow up visits, in the magnetic stimulation

study.
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Symptom scores:

Symptom | Visit* None Alittle Moderately | A lot p**
Frequency | Recruitment |13(27.7%) |7(14.9%) |12(25.5%) | 15(31.9%) | 0.86
3 months F/U | 8 (32.0%) | 3(12.0%) | 10(40.0%) |4 (16.0%)
Nocturia Recruitment | 13 (27.7%) | 17(36.2%) {9(19.2%) |8(17.0%) |0.87
3 months F/U | 10 (40.0%) |5(20.0%) |7(28.0%) |3(12.0%)
Urgency Recruitment | 15(32.6%) | 7(15.2%) |7(15.2%) |17 (37.0%) |0.15
3 months F/U | 12 (48.0%) | 4 (16.0%) | 4 (16.0%) |5 (20.0%)
Urge Recruitment | 12 (25.5%) | 12 (25.5%) | 14 (29.8%) |9(19.2%) |0.94
incontinence | 3 months F/U | 9(36.0%) | 2(8.0%) 8(32.0%) | 6(24.0%)
Stress Recruitment | 3 (6.4%) 4 (8.5%) 9(19.2%) | 31(66.0%) | 0.06
incontinence | 3 months FIU | 5(20.0%) | 2 (8.0%) 6 (24.0%) | 12(48.0%)
Nocturnal Recruitment | 36 (76.6%) | 7 (14.9%) | 2(4.3%) 2 (4.3%) 0.57
enuresis 3 months F/U | 18 (72.0%) | 5(20.0%) | 2(8.0%) 0 (0%)
Intercourse | Recruitment | 28 (69.6%) |7 (14.9%) |5(10.6%) |7(14.9%) | 0.58
incontinence | 3 months F/U | 15(60.0%) | 8 (32.0%) | 1(4.0%) 1(4.0%)
Frequent Recruitment | 31 (66.0%) | 8(17.0%) |4 (8.5%) 4 (8.5%) 0.57
water works | 3months F/U | 16 (64.0%) | 8(32.0%) | 1(4.0%) 0 (0%)
infection
Bladder pain | Recruitment | 29 (61.7%) | 9(19.2%) |7 (14.9%) | 2(4.3%) 0.57
3 months FIU | 19 (76.0%) |4 (16.0%) | 2(8.0%) | 0 (0%)
Other Recruitment | 45 (97.8%) | 0 (0%) 0 (0%) 1***(2.2%) | 0.15
symptom(s) | 3 months F/U | 23 (92.0%) | 1***(4.0) | 0(0) L i
(4.0%)

* F/U: follow up, ** Mann-Whitney test, ***back pain, ***Not specified, *** Post micturition

dribbling.

Table.No. 3.10. Comparison of symptom scores, as measured by of the King’s health
questionnaire, at recruitment and 3 months follow up visits, in the magnetic stimulation

study.
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EuroQol:

Outcome at the end of treatment:

item Recruitment End of treatment | Wilcoxon signed rank
Median (Interquantile range) test

EuroQol Score 0.812 (0.656-0.919) | 0.848 (0.691-0.919) | P 0.54

Total health scale 0.78 (0.60-0.90) 0.80 (0.60-0.90) P 0.96

Table No. 3.11. Comparison between the EuroQol values at recruitment and end of
treatment visits, in the magnetic stimulation study.

Outcome at three months follow up:

item Recruitment 3 months follow up | Wilcoxon signed rank
Median (Interquantile range) test

EuroQol Score 0.812(0.656-0.919) {0.848 (0.689-0.919) | P 0.62

Total health scale 0.78 (0.60-0.90) 0.80 (0.60-0.92) PO.77

Table No. 3.12. Comparison of EuroQol values at recruitment and 3 months follow up
visits, in the magnetic stimulation study.
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Side effects:

The incidence of side effects:

Side effects No. of patients %

Side effects 25 52.1%
No side effects | 23 479 %
Total 48 100 %

Table No. 3.13. The incidence of side effects during the magnetic stimulation study.



Frequency of side effects:

Session No. | No. of patients | Side effects | %

1 48 6 125 %
2 44 11 25.0 %
3 43 10 23.3%
4 43 6 14.0%
5 42 6 143 %
6 42 2 4.8 %
7 42 3 71 %
8 40 4 10.0 %
9 39 2 5.1 %
10 39 2 51 %
11 39 2 51 %
12 36 0 0%

13 34 0 0%

14 34 1 0%

15 33 0 0%

16 31 0 0%
Mann-Whitney test P 0.00

Table No. 3.14. The incidence
stimulation study.

of side effects during various visits, in the magnetic
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Chart No.3.1. The incidence rate of side effects during treatment visits
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Nature of side effects:

Side effect Patients %
Lower limb pain 9 18.8 %
Abdominal pain 7 14.6 %
Cystitis 6 12.5%
Bowel symptoms 6 125%
Backache 5 104 %
Chair powerful 3 6.3 %
Difficult positioning 2 4.2 %
Tingling, pins and needles 2 4.2 %
Perineal pain 2 4.2 %
Neck pain 2 4.2 %
Shoulder pain 1 21 %
Headache 1 21 %
Palpitation 1 2.1 %
Asthma worse 1 21%
Dyspareunia 1 21 %

Table No. 3.15. The frequency of side effects encountered, in the magnetic stimulation

study.
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Drop out:

Rate of drop out:

Session No. No. of patients | %
Dropped out 17 35.4 %
Completed all treatment sessions 31 64.6 %
Total 48 100 %

Table No. 3.16. The rate of drop out in the magnetic stimulation study.
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Rate of drop out per visit:

Session No. No. of patients | Dropout | %

1 48 4 8.3%
2 44 1 2.3%
3 43 0 0%

4 43 1 23 %
5 42 0 0%
6 42 0 0%
7 42 2 4.8 %
8 40 1 25%
9 39 0 0%
10 39 0 0%
11 39 3 1.7 %
12 36 2 5.6 %
13 34 0 0%
14 34 1 2.9%
15 33 2 6/1 %
16 31 N/A N/A
Mann-Whitney test P 0.86

Table No. 3.17. The rate of drop out following various visits, in the magnetic stimulation

study.

62



Reasons for drop out:

Given reason for drop out Number (%)
Neck pain 2(4.2%)
Backache 1(2.1 %)
Pain 1(2.1%)
Urinary tract infection 1(2.1 %)

1(2.1%)
Anticholinergic medication for detrusor overactivity

1(2.1%)
Bereavement and no improvement

1(2.1%)
Could not keep appointment
Irritable bowel syndrome and no improvement 1(2.1%)
Patient did not like to continue the treatment 1(2.1 %)
No given reason 7(14.6 %)

Table No. 3.18. The reasons for drop out, in the magnetic stimulation study.
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Baseline criteria and drop out:

Demographic data:

Feature Completed (31) Dropped out (17) | 2 sample t test
Age (Years) 50.48 + 13.42 50.71 + 11.06 P0.97

Weight (Kg) 73.11+13.29 64.57 + 10.60 P 0.03

Table No. 3.19. Comparison of demographic data between those who completed all

treatment sessions and those who dropped out, in the magnetic stimulation study.

Symptoms duration:
Symptoms duration (Months) | Completed (31) | Dropped out (17) | P value*
Median (Interquantile range) 44 (30-120) 84 (52-204) 0.18

*Mann Whitney test

Table No. 3.20. Comparison of the duration of incontinence between those who
completed all treatment sessions and those who dropped out, in the magnetic

stimulation study.
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Background:

Feature Completed (31) | Dropped out (17) | X2test
Medical problems 22 (T11%) 12 (70.6%) P0.98
Cardio-pulmonary diseases 14 (45.2%) 4 (23.5%) P0.14
Bone / joint diseases 25 (80.6%) 7 (41.2%) P0.18
Previous surgery 25 (80.6%) 13 (76.5%) 0.73*

Continence/repair operation 8 (25.8%) 6 (35.3%) P 0.49
On medication 22 (71.0%) 10 (85.8%) P0.39
On bladder affecting medication | 10 (32.3%) 6 (35.3%) P 0.83

*Fisher's exact test

Table No. 3.21. Comparison of the medical, surgical as well as medication history
between those who completed all treatment sessions and those who dropped out, in the

magnetic stimulation study.

Continence parameters:

Parameter Completed (31) | Dropped out (17) | Mann Whitney test
Median (Interquantile range)

Pad test (gm)* 4.9 (1-27.8) 7(3.9-23) P0.72

Daily pad use 1.35(0-3) 2(1-3.3) P 0.52

Daily leakage episodes | 2 (1-2.7) 34 (1.7-4.2) P0.16

* Primary outcome measure

Table No. 3.22. Comparison of the continence parameters on recruitment between those
who completed all treatment sessions and those who dropped out, in the magnetic

stimulation study.

65




Kings Health Questionnaire:

Domains:
Domain Completed (31) | Dropped out (17) | Mann Whitney test
Median (Interquantile range)

General health 0.25 (0.00-0.25) | 0.25(0.13-0.50) {P0.14
Incontinence impact 0.66 (0.33-0.66) | 1.00(0.67-1.00) (P 0.44
Role limitations 0.66 (0.33-0.66) | 0.50(0.33-0.66) |P0.79
Physical limitations 0.50 (0.16-0.66) | 0.50 (0.33-0.66) | P 0.48
Social limitations 0.19(0.11-0.33) ]0.22(0.11-0.33) |P0.35
Personal relationships | 0.16 (0.00-0.33) | 0.50(0.16-0.83) | P 0.05
Emotions 0.44 (0.22-0.78) | 0.67 (0.33-0.88) | P0.24
Sleeplenergy 0.33 (0.17-0.50) | 0.33(0.33-0.50) |P0.33
Severity measures 0.66 (0.56-0.75) | 0.66(0.42-0.75) | P 0.54

Table No. 3.23. Comparison of the quality of life domains, as measured by the King’s
health questionnaire, on recruitment between those who completed all treatment
sessions and those who dropped out, in the magnetic stimulation study.
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Symptom scores:

Symptom

Drop out

None A little Moderately | A lot P*
Frequency | Completed 10 (32.3%) |4(129%) |9(29.0%) |8 (25.8%) |0.27
Droppedout | 3(18.7%) | 3(18.7%) | 3(18.7%) |7 (43.9%)
Nocturia Completed | 8(25.8%) |12(38.7%) |7(226%) |4 (12.9%) | 0.9
Droppedout | 5(31.3%) |5(31.3%) |2(124%) |4 (25.0%)
Urgency Completed | 9(29.0%) |4(129%) |7(225%) |11 (35.5%) | 0.63
Dropped out | 6 (40.0%) | 3(20.0%) {0 (0%) 6 (40.0%)
Urge Completed | 9(20.0%) |7(226%) |8(25.8%) |7 (22.6%) |0.94
incontinence | Dropped out | 3(18.7%) {5 (31.3%) | 6(37.5%) |2(12.5%)
Stress Completed | 1(3.2%) 2 (6.5%) 7(226%) |21(67.7%) |0.50
incontinence | Dropped out | 2 (12.5%) | 2(12.5%) |2 (12.5%) {10 (62.5%)
Nocturnal Completed | 25 (80.7%) |4(12.9%) |1(3.2%) 1(3.2%) 0.35
enuresis Droppedout | 11(68.8%) |3(18.8%) |1 (6.2%) 1 (6.2%)
Intercourse | Completed 19(61.3%) | 6(19.4%) |4(129%) |2 (6.4%) 0.35
incontinence | Dropped out | 9(56.3%) | 1 (6.2%) 1(6.2% 5 (31.3%)
Frequent Completed | 21 (67.7%) |7 (226%) | 2 (6.5%) 1(3.2%) 0.41
waterworks | Dropped out | 10 (62.5%) | 1 (6.2%) 2(12.5) 3 (18.8%)
infections
Bladder pain | Completed | 20 (64.5%) |8 (25.8%) |3 (9.7%) 0 (0%) 0.23
Dropped out | 9(56.3%) | 1 (6.2%) 4(25.0%) | 2(12.5%)
Other Completed | 31 (100%) |0 (0%) 0 (0%) 0 (0%) 0.15
symptoms | Oropped out | 14 (93.3%) | 0 (0%) 0 (0%) 1(6.7%)**

* Mann-Whitney test, ** Bladder pain.

Table No. 3.24. Com
according to completi

parison of symptom scores in the King’s health questionnaire,
on of treatment sessions, in the magnetic stimulation study.
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EuroQol:

Item Completed (31) Dropped out (17) Mann Whitney test
Median (Interquantile range)

EuroQol Score 0.830 (0.689-0.919) | 0.725 (0.587-0.919) | P 0.24

Total health scale | 0.80 (0.65 - 0.90) 0.60 (0.60 - 0.90) P 0.55

Table No. 3.25. Comparison of the EuroQol values on recruitment between those who
completed all treatment sessions and those who dropped out, in the magnetic

stimulation study.
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The relationship between side effects and drop out:

Some of the side effects might be perceived as relevant to magnetic stimulation. For example,

tingling sensation and pelvic pain could be perceived to be due to nerve and muscle stimulation

by extra-corporeal magnetic treatment. On the other hand, headache is less likely to be linked

to the treatment such that patients might continue attending.

Incidence of any side effects and relevant side effects:

Side effects Completed (31) Dropped out (17) X2test
Any 13 (41.9%) 12 (70.6%) P 0.06
Relevant 11 (35.5%) 12 (70.6%) P0.02

Table No. 3.26. Comparison of the incidence of side effects and relevant side effects

between those who completed all treatment sessions and those who dropped out, in the
magnetic stimulation study.
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sessions and those who dropped out
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Relevant side effects and weight:

Patients:

Out of 48 patients recruited to the study, 25 (52.1%) had relevant side effects and 23 (47.9%)

did not.

Relevant side effects and weight:

Weight (Kg) | Relevant side effects | No relevant side effects | 2 sample t test
(25) (23)
Mean+SD | 720+ 14.22 683 +11.7 P0.34

Table No. 3.27. Comparison of the weight of those who had relevant side effects and
those who did not, in the magnetic stimulation study.
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The end of treatment outcome in those who had 20% reduction in pad test:

Pad test at the end of treatment visit:

Pad test at end of treatment visit | No. (%) 95% confidence interval
> 20% reduction in leakage 16 (51.7%) 33.1-69.8 %

No > 20% reduction in leakage 13 (42%) 245-609%

Either or both pad tests not done 2 (6.3%)

Total 31(100%)

Table No. 3.28. The distribution of patients according to the reduction in pad test
leakage at the end of treatment visit, in the magnetic stimulation study.

Continence parameters:

Parameter (Mean + SD) | Recruitment | End of treatment t test
Daily pad use 1.7 +2.1 1.2+1.6 P 0.96
Daily leakage episodes 21+14 1.0+1.1 P 0.07

Table No. 3.29. Comparison of daily pad use and leakage episodes values at recruitment

and end of treatment visits, in those patients who had a > 20% in pad test, in the
magnetic stimulation study.
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Quality of life:

Kings Health Questionnaire:

Domains:
Domain Recruitment End of treatment | Wilcoxon signed rank
Median (Interquantile range) test

General health 0.13(0.00-0.36) | 0.13 (0.00-0.05) P0.32
Incontinence impact 0.66 (0.33-1.00) | 0.50 (0.33-0.67) P0.17
Role limitations 0.50 (0.33-0.66) | 0.33 (0.33-0.66) P0.39
Physical limitations 0.50 (0.16-0.58) | 0.33 (0.17-0.66) P 0.68
Social limitations 0.11(0.00-0.33) | 0.11(0.00-0.33) | P0.63
Personal relationships | 0.08 (0.00-0.16) | 0.00 (0.00-0.17) P 0.86
Emotions 0.50(0.11-0.67) | 0.28(0.11-0.39) | P 0.24
Sleeplenergy 0.33(0.17-0.65) | 0.33(0.16-0.58) [P 0.38
Severity measures 0.58 (0.41-0.66) { 0.58 (0.37-0.75) P 0.91

Table No. 3.30. Comparison of scores of quality of life domains, as measured by the
King’s health questionnaire, at recruitment and end of treatment visits, in those patients

who had a > 20% in pad test, in the magnetic stimulation study.
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Symptom scores:

Visit

Symptom None Alittle Moderately | Alot p*
Frequency | Recruitment |6 (37.5%) |2(12.5%) |5(31.3%) |3(18.7%) 0.86
End of 5(31.2%) |2(12.5%) | 9(56.3%) |0 (0%)
treatment
Nocturia Recruitment | 4(25.0%) | 6(37.4%) | 3(18.8%) | 3(18.8%) 0.63
End of 4(25.0%) | 8(50.0%) |2(12.5%) |2(12.5%)
treatment
Urgency Recruitment | 8 (50.0%) | 2(12.4%) | 3(18.8%) | 3(18.8%) 0.69
End of 6(374%) |4(25.0%) |3(18.8%) |3(18.8%)
treatment
Urge Recruitment | 5(31.3%) | 5(31.3%) | 3(18.7%) | 3(18.7%) 0.58
incontinence | End of 7(43.8%) |4(25.0%) |2(12.5%) |3(8.7%)
treatment
Stress Recruitment | 0 (0%) 2(12.5%) | 6(37.5%) | 8(50.0%) 0.19
incontinence | End of 3(18.7%) |1(6.2%) |7(43.8%) |5(31.3%)
treatment
Nocturnal Recruitment | 15(93.8%) | 1(6.2%) | 0(0%) 0 (0%) 0.28
enuresis End of 13 (81.3%) | 2(12.5%) | 1(6.2%) 0 (0%)
treatment
Intercourse | Recruitment | 12 (75.0%) | 4 (25.0%) | 0 (0%) 0 (0%) 0.37
incontinence | End of 14 (87.5%) | 2(12.5%) | 0(0%) 0 (0%)
treatment
Frequent Recruitment | 11 (68.8%) |2 (12.5%) |2 (12.5%) | 1(6.2%) 0.70
water works | End of 12 (75.0%) |1(6.2%) |3(18.8%) |0(0%)
infection treatment
Bladder pain | Recruitment | 10 (62.56%) | 5(31.3%) | 1(6.2%) 0 (0%) 0.49
End of 12 (75.0%) {3(18.8%) | 1(6.2%) 0 (0%)
treatment
Other Recruitment | 16 (100%) | 0 (0%) 0 (0%) 0 (0%) N/A
symptom(s) | End of 16 (100%) | 0(0%) 0 (0%) 0 (0%)
treatment
* Mann-Whitney test

Table No. 3.:}1. Comparison of scores of symptom scores, as measured by the King's
health questionnaire, at recruitment and end of treatment visits, in those patients who
had a > 20% in pad test, in the magnetic stimulation study.
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EuroQol:

Item Recruitment End of treatment | Wilcoxon signed rank
Median (Interquantile range) test

EuroQol Score 0.848 (0.689-0.919) | 0.848 (0.656-0.919) | P 0.55

Total health scale 0.75 (0.60-0.90) 0.80 (0.66-0.90) P0.37

Table No. 3.32. Comparison of EuroQol values at recruitment and end of treatment visits,
in those patients who had a > 20% in pad test, in the magnetic stimulation study.

Summary:

With the exception of general health, as measured by the King's Health Questionnaire, there
was no significant change in incontinence parameters or other quality of life elements at the
end of treatment. With the exception of general health and personal relationships, as measured
by the King's Health Questionnaire, there was no significant change in incontinence
parameters or other quality of life elements at 3 months follow up. There was no significant

change in incontinence parameters or the quality of life of those patients who had > 20% drop

in their pad test at the end of treatment sessions.

Over half the patients had side effects, which became significantly less frequent as treatment
sessions progressed. Pain in different forms was the most commonly encountered side effect.
Over a third of patients did not complete all treatment sessions. Although almost half of them

gave no reason for dropping out, pain, which could have been perceived as a side effect, as

well as non improvement seemed rather prominent.

With the exception of weight, there was no significant difference in baseline features between

those who completed all treatment sessions and those who dropped out. There was no
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significant difference in the mere occurrence of side effects between those who completed all
treatment sessions and those who dropped out. However, the incidence of relevant side effects
was significantly more common in those who dropped out. The weight of those who had

relevant side effects was not significantly different from those who did not have relevant side

effects.
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Discussion:

Primary outcome measure:

There was no significant difference in the primary outcome measure (pad test) between
recruitment and end of treatment visits. Likewise, there was no significant difference between

recruitment and 3 months follow visits.

Secondary outcome measures:

With the exception of general health, in the King's Health Questionnaire, there was no
significant difference in incontinence parameters or quality of life measures between
recruitment and end of treatment visits. Likewise, there was no significant difference in
incontinence parameters or quality of life measures between recruitment and 3 months follow
up visits, except for general health and personal relationships, as measured by the King's
Health Questionnaire. Furthermore, there was no significant difference in incontinence
parameters or quality of life measures between recruitment and end of treatment visits in those

who had > 20% reduction in pad test at the end of treatment visit.

Effectiveness:

There was no significant change in the primary or secondary outcome measures at the end of
treatment sessions or at 3 months follow up. Although 16 out of 31 patients (51.7%) had > 20
drop in pad test at the end of treatment, this was not associated with significant change in any
of the outcome measures. Extra-corporeal magnetic energy stimulation of pelvic floor muscles

did not improve urodynamic stress incontinence for the patients who tried this method in this

study.
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Although only 31 patients completed all treatment sessions and were available for assessment,
which is almost half the number planned (60). The fact that no improvement was noticed, even
in those who had > 20% reduction in pad test at the end of treatment sessions, meant that it
was unlikely that the treatment actually improve urodynamic stress incontinence. The lack of
any significant difference in outcome measures at 3 months follow up further supported the

conclusion that that the treatment does not improve urodynamic stress incontinence of urine in

women,

This result is in direct contrast to the studies published already, reporting beneficial effect from
using the technique for urodynamic stress incontinence of urine in women. Nonetheless, some
of these studies did not report the outcome at the end of treatment. One reported the outcome
at 3 months follow up (Galloway et al, 1999) and then at 6 months follow up (Galloway et al,
2000). Another (Unsal et al, 2003) provided one year follow up data only. It is therefore not

possible to compare the immediate outcome of this study with the long term outcome of these

two studies.

One study (Yamanishi et al, 2000) showed a mixed outcome. Whilst there was a significant
improvement in daily leakage episodes and quality of life scores, there was no change in
nocturnal leakage or the number of pads used per day. It also showed a drop in cure rate from
34% at 3 months to 28% at 6 months (Galloway et al, 2000). A similar drop was reported by
Yokoyama et al, (2004) from 52.9% at the end of treatment to 31.3% at 6 months follow up.
The same pattern was noted in another study (Almeida et al, 2004). Although 37% of patients
were dry at the end of treatment, there was a rapid and progressive recurrence reaching 47%
at 3 months, 61.7% at 6 months and 94%, which is near 100%, at 12 months. Other

methodological limitations of these studies have been outlined already.
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Some studies had different inclusion and exclusion criteria. One study (Galloway et al, 1999)
specifically excluded patients with intrinsic sphincter deficiency, type Ill urodynamic stress
incontinence. These patients were not excluded from this study. It also included patients with
significant degrees of prolapse, who were excluded from this study. Some studies were not

limited to patients with urodynamic stress incontinence (Galloway et al, 1999; Almeida et al,

2004)

Some studies used a different primary outcome measure. Galloway et al, (1999) had a
subjective one; a reduction in the number of pads used each day. On the other hand, this study
had an objective one; 20% reduction of leakage on a standard International Continence Society
1 hour pad test (Abrams et al, 1989). Another study (Unsal et al, 2003) defined cure as a

negative pad test, while this study was looking for a 20% reduction in leakage on pad testing.

Only one study looked at the long term results of electrical stimulation (Caputo et al, 1993).
Outcome was assessed subjectively at an average of 6 months. They attempted to telephone
17 patients, who had > 50% reduction in leakage episodes, at the end of six weeks
programme, out of an initial cohort of 19 patients with urodynamic stress incontinence. Yet,
only 8 patients were contacted, of whom 7 (87.5%) felt their incontinence was still improved

and 1 (12.5%) reported a relapse. These numbers are too small to judge any result against.
The outcome of this study is lower than that reported for other non-invasive techniques, as

outlined in the review earlier. Extra-corporeal magnetic energy stimulation effects passive

contractions of pelvic floor muscles, in very much the same way electrical stimulation does.
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Patients do not get involved in the process, to contract their muscles actively, as happens in

pelvic floor exercises, with or without feedback.

There are doubts about the value of such passive forms of muscle stimulation (Bo, 1998).
Although some reported improvements, ranging from 60 to 90% (Erlandson et al, 1978a;
Plevnik & Janez, 1979; Scott & Hsueh, 1979; Fall et al, 1986; Eriksen & Eik-Nes, 1989), others
showed no benefit (Hahn et al, 1991). Controlled studies showed no advantage over pelvic
floor exercises (Wilson et al, 1987; Henalla et al, 1989). Whilst some randomised trails showed
significant improvement with active devices (Laycock & Jerwood, 1993; Sand et al, 1995),
others showed no difference from sham devices (Brubaker et al, 1997) and some even

reported better outcome with sham devices (Luber & Wolde-Tsadik, 1997). The outlook for

passive stimulation is not good to start with.

Patient involvement does appear to be more important than mere occurrence of contractions.
The knack (Miller et al, 1996) and the stop tests (Gosling 1979), outlined earlier, are examples
of how patients develop neuromuscular co-ordination in a variety of ways under different
circumstances. Pelvic floor exercises entail patient education about their pelvic floor, which
further enhances their involvement in the pelvic floor exercise. Such involvement and training
build not only muscle strength, but also improves the tone and reflex contraction upon sudden

increase in intra-abdominal pressure. Passive contractions do not entail these elements.

Some have suggested using electrical stimulation as an adjunct to pelvic floor exercises
(Blowman et al, 1991), especially in those who are unable to contract their muscles on their
own, to get them used to what a contraction feels like. Extra-corporeal magnetic energy

stimulation offers an advantage in not requiring patients to undress or have electrodes inserted
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in the vagina. It would be interesting to look at the value of the technique in conjunction with
pelvic floor exercises. The machine’s manual specifically indicates that patients should not try

to contract their muscles during treatment sessions. Nonetheless, patients can contract their

muscles between sessions.

Side effects:

A total of 25 patients (52.1%) experienced side effects and 23 (47.9%) had side effects that
could be perceived as related to the treatment. This is high, especially when other studies
reported no side effects (Galloway et al, 2000; Yamanishi et al, 2000; Unsal et al, 2003). The
machine’s manual indicates that patients might experience some muscle fatigue from effected
contractions and abdominal cramps if they are menstruating. Yet, it does stress that the

treatment is painless, which was not the case in this study.

Several patients experienced pain in the pelvis and lower limbs. In fact, a third of patients (16
out of 48) experienced some form of pain. Tingling sensation was also encountered and might
be due to nerve stimulation from the electromagnetic field. Of special interest is the fact that
some patients had pain outside the pelvis. Examples include backache, knee pain as well as
neck pain. One of the patients had to have an X-ray of her neck because of the pain she had
following one of the sessions. It is known that the electromagnetic fields are ill defined with this
form of treatment (Barker, 1991), and the effect of muscle stimulation might extend further
away from the pelvic floor. Although the neck would seem rather distant, it might not be that far
in elderly women suffering from osteoporosis. This side effect should be taken into

consideration when counselling patients before offering them this treatment.
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When compared to other non-invasive methods, the rate was still high. It is difficult to see side
effects from pelvic floor exercises (Yalcin et al, 1998) and the same applies to biofeedback
(Morkved et al, 2002). Side effects of electrical stimulation include persistent vaginal irritation in
14% of patients and pelvic pain in 9% of patients (Sand et al, 1995) as well as anal discomfort
in 20% of patients using anal electrical stimulation (Eriksen & Eik-Nes, 1989). Such side effects
have been known to cause patients to discontinue electrical stimulation (indrekvam &
Hunskaar, 2002). Extra-corporeal magnetic energy stimulation was hailed as an improvement,
as patients do not have to undress and insert electrodes, and it was hoped that compliance
would improve. Not only it was associated with a higher rate of side effects, but these side

effects were implicated in causing a much higher drop out rate as well.

Drop out:

Establishing the rate of completion of treatment sessions was one of the objectives of this
study. Only 31 patients, out of the 48, completed all 16 sessions, 64.6%, which is almost two
thirds. The drop out rate of 35.4% is higher than that reported in other studies. The two reports
on the study by Galloway et al (1999; 2000), reported 22.9 % and 12.6% drop out rates,

respectively. Another study (Yamanishi et al, 2000) reported a drop out rate of 14.3% (1 patient

out of 7). These are lower than encountered in this study.

A significantly high proportion of those patients who completed treatment sessions attended for
follow up at three months. Only 4, out of 31 (12.9%), defaulted. This is good in comparison to
the number of patients who dropped during treatment sessions. In fact the difference in drop
out rate was significant, when assessed using Fisher's exact test (P 0.04). There were no

freatment sessions, and consequently no side effects, during the follow up period, further
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supporting the suggestion that side effects were central to patients’ drop out during the study

period.

With home based pelvic floor exercises, continuation is often expressed as compliance. This
can be as low as was 61% (Yaicin et al, 1998), which means a non continuation rate of over a
third. For pelvic floor exercises and biofeedback, rates around 8% were reported (Bo et al,
1990; Morkved et al, 2002). In another study, (Dougherty et al, 1993), 19 out of 80 patients
(23.8%) withdrew. Likewise, 22% withdrew from a study assessing biofeedback, in addition to
12% who completed all sessions but refused the final examination (Hirsch et al, 1999). The
same applies to electrical stimulation, where the rates varied from 9.7% (Miller et al, 1998) and

15.4% (Sand et al, 1995) to 18% (Brubaker et al, 1997) and 27% (Laycock & Jerwood, 1993).

All these figures are lower than encountered in this study.

Although 41.2% of those who did not complete all treatment sessions gave no reason for
dropping out, pain, inability to attend and lack of improvement were rather prominent. Patients
looking for a quick improvement on non-invasive measures may not persevere and drop out
relatively early. Those keen on avoiding surgery and its possible complications tend to comply

with non-invasive measures and complete sessions (Rai & Versi, 1993).

When those who completed all treatment sessions were compared to those who dropped out,
only two factors were found to be significantly different; patients’ weight on recruitment and the
occurrence of relevant side effects. The weight of those who dropped out was lighter and they
had a higher incidence of those side effects that can be perceived to result from magnetic

stimulation. There was no difference in weight between those who had relevant side effects
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and those who did not. This leaves relevant side effects as the likely contributing factor behind

drop out.

Although there was no significant increase in the drop out rate as treatment sessions
progressed, there was a significant reduction in side effects. This could be due to patients
having side effects from the treatment dropping out early in the study and/or patients getting

used to these side effects. Side effects were therefore an important factor behind the high drop

out rate in this study.

This finding is not supported by published work using the same technique. The study by
Galloway et al (2000) showed the drop out was due to conflicting commitments and travel
problems. A variety of reasons have been quoted with other non-invasive techniques. For
pelvic floor exercises, inability to attend and having operations were mentioned (Bo et al,
1990). With biofeedback, changes in circumstances, including job, family, death and relocation,
and not liking the technique (Morkved et al, 2002) as well as pregnancy, muscle disease,
abdominal surgery and insufficient motivation (Hirsch et al, 1999) were implicated. For
electrical stimulation, persistent vaginal irritation, development of urgency (Sand et al, 1995) as
well as postmenopausal bleeding (Miller et al, 1998) were encountered. The prominence of

side effects as a possible contributing factor behind drop out limits the value of extra-corporeal

magnetic stimulation as a non-invasive method.
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Conclusions:

As the study did not reach its recruitment target of 60 patients, it is not possible to conclude that
extra-corporeal magnetic stimulation of pelvic floor muscles does or does not lead to 20%
reduction in leakage on pad test with 80% power and 95% confidence (0.05 significance).
Nonetheless, it is unlikely that the technique improves urodynamic stress incontinence of urine
in women, given the results encountered in this study. The technique did not change pad usage,
leakage episodes or patients’ quality of life at the end of treatment or at 3 months follow up
either and had a drop out rate of 35.4%. Even those who had > 20% reduction in pad leakage

did not have any other features of improvement at the end of treatment. In addition, over half the

patients had side effects and these appear to contribute to drop out.
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Recommendations:

. Extra-corporeal magnetic stimulation of pelvic floor muscles should not be offered as a
standard treatment for female patients presenting with urodynamic stress incontinence of
urine. If provided, patients should be aware of the evidence in relation to its effectiveness
and side effects. Since this study, the machine has been used selectively on individual
patient basis at Singleton and Morriston hospitals.

. Special care should be taken when discussing this method of treatment with patients
known to have arthritis, even if this is distant from the pelvis. They should be made aware
of possible side effects, in the form of pain, and ideally they should try other forms of non-

invasive treatment first.

. Patients embarking on this treatment might better have a trial session first, to see if they
can tolerate it or not, to avoid drop out later on.
. This technique is worth assessing in conjunction with pelvic floor exercises and also as an

aid for physiotherapists when instructing patients, especially those who can not contract

their pelvic floor muscles properly.
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4. Radiofrequency remodelling of the endopelvic fascia:

Background:

Various forms of energy have bee used in surgery, including diathermy (Farquhar, 2006), laser
(Goldrath et al, 1981), harmonic scalpel (Wacha et al, 2002), microwave (Wallage et al, 2003)
and radiofrequency (Lewis, 1995). Radiofrequency has been used for endometrial ablation
(Phipps et al, 1990; Lewis, 1995), nasal turbinate diathermy (Elwany et al, 1999), anal

incontinence (Takahashi et al, 2002) as well as recurrent shoulder joint dislocation (Selecky et

al, 2003).

Physics of radiofrequency remodelling:

Radiofrequency is a form of electrosurgery that utilises high frequency alternating current. Low
frequency current (>100,00 Hz) effects neuromuscular stimulation. Higher frequency currents
are used in surgical diathermy and cutting (Smith & Smith, 2001). The term radiofrequency is
used when current frequency lies within the radiofrequency range of the electromagnetic
spectrum, as explained earlier in dealing with extra-corporeal magnetic energy stimulation of
pelvic floor muscles (Wright, 1994). A generator is required to convert domestic, low frequency,

electricity to high frequency (radiofrequency) current (Applegate, 1989).
- The effect of radiofrequency applied depends on a number of factors:
1. Voltage: voltage is the term used to describe the force that pushes electrons along the

stream. The greater the voltage, the stronger is the impact of electricity on tissues. High

voltage current (200-500) can bridge the gap to the tissues, leading to the sparking often
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seen on diathermy. Very high voltage (600) can lead to tissue carbonisation, hence it is

unsafe to come close to high-voltage power-transmission cables.

. Power: electric power describes the amount of energy produced or consumed over time
and is measured in watts. It is reflected in the heat generated at tissue surface. At low
power, heat leads to tissue shrinkage, whereas high power causes ablation and cutting
(Haupt et al, 1997). Power is the only factor that can be changed on most generators
nowadays. Radiofrequency remodelling of the endopelvic fascia applies low power (15

watts) that leads to shrinkage of the fascia. The generator can not be used for other

pUrposes.

. Resistance: resistance is an indication of tissue conductivity of electric current and is
measured in Ohms. Heated tissues become more resistant to current transmission.
Prolonged application leads to accumulation of energy and burns. In radiofrequency

remodelling of the endopelvic fascia, tissue temperature is constantly monitored to avoid

over heating.

. Current:: this refers to the flow of electrons during a given period of time. For a given

voltage, current is inversely related to tissue resistance, according to Ohm's law;

Voltage = current X resistance

In radiofrequency remodeliing of the endopelvic fascia, current flow gets less with

increased resistance of the endopelvic fascia as a result of heating. Instrument design
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guides proper application of the probe to ensure continued flow of current, by monitoring of

local tissue temperature (Massarweh et al, 2006).

. Circuit: electrons flow in a circuit. With unipolar applications, the current passes from the
site of application through the tissues to the return electrode. If there is a contact with metal
in between the site of application, the current will follow the path of least resistance to the
metal object, such as pace maker or bone pins. This might cause tissue damage around
the contact with the metal. Similarly, if the return electrode is not properly applied to the
body, energy will accumulate leading to burns. Bipolar applications avoid such problems as

the current passes between two electrodes through the target tissue area (Wicker, 1992,

Nduka et al, 1994).

Radiofrequency remodelling of the endopelvic fascia applies bipolar circuit. This approach
limits heat delivery to the part of the endopelvic fascia being treated. Consequently, there is
no need for a return electrode and there is no risk of distant site damage from unlimited
field. There is no restriction as to the anaesthetic equipment that can be used and patients

with metal prosthesis are not excluded from this form of treatment.

. Area of tissue exposed: this determines the amount of heat generated, according to Joules

law;
Energy = (current/cross sectional area)? X resistance X time.

Higher energy is delivered when using small electrodes and larger electrodes will require

longer time to generate a similar amount of heat (Massarweh et al, 2006). Radiofrequency
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of the endopelvic fascia utilises a probe with a fixed size leaving the duration of application

as the only factor that affects the level of energy. This is guided through measuring tissue

temperature, as explained already.

The effect of electrosurgery can be divided into 3 types (Massarweh et al, 2006);

1.

Cutting: a continuous current delivers continuous energy to a very limited tissue area over
a short period of time. The classical example is the pin used to make skin incisions. This
causes tissue temperature to rise rapidly beyond 100°C, leading to vaporisation of
intracellular contents. Tissue division happens as cells explode from increased intracellular
volume. The high level of electrons accumulated at the tip of the cutting electrode makes it
possible to create a spark cutting into the tissues when the electrode is slightly away from
tissue surface.

Fulguration: an interrupted generation of current delivers energy for about 6% of electrode
activation time. The level of heat generated is less than with continuous current, as in
cutting mode. This leads to the tissue coagulation, rather than vaporisation. Energy here is
delivered to a larger tissue area over a longer duration of time, hence the need for higher
voltage. Energy can still be delivered with the electrode slightly away from tissues.
Desiccation: tissue contact with electrodes reduces current concentration, which in turn

reduces energy (heat) generation. This leads to tissue drying out and coagulum formation.

The effect of application will depend of the level of heat generated. Below, 42°C, the effect is

reversible (Coakley, 1987). As the temperature rises above this level, enzymatic denaturation

and nuclear destruction take place (Phipps & Lewis, 1993). When the temperature exceeds

90°C, tissue fluids evaporates, leading to vaporisation when energy is delivered rapidly, as in

cutting mode, or desiccation if heat delivery is slow. In radiofrequency re-modelling of the
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endopelvic fascia, the bipolar probe is directly applied to tissues (desiccation). The temperature
rises to an average of 82°C (Dmochowski & Appell, 2003), leading to tissue necrosis and gross
shrinkage (Lopez et al, 1998). Healing entails remodelling leading to altered tissue compliance

(stretch) without gross change in morphology (Sotomayer & Bernal, 2003).

Continence theory:

The technique is based on the Hammock hypothesis (DeLancey, 1994), which postulates that
the urethra lies on a supportive layer, in the form of the endopelvic fascia and the anterior
vaginal wall. The endopelvic fascia is a tense layer that stretches, like a hammock, from the
arcus tendinous fascia, on the lateral pelvic wall, to the vaginal wall medially. The urethra lies

above and anterior to this supportive layer, getting compressed backwards and downwards

against it during increased intra-abdominal pressure, preventing any leakage of urine.

The supportive function of the endopelvic fascia is further enhanced by its link to the levator
ani. The arcus tendinous fascia, where the endopelvic fascia gets it lateral attachment,
stretches from the pubic bone to the ischeal spine. Its posterior part is aponeurotic, forming the
white line, which lies close to the inner surface of the levator ani muscle. Around the vagina,
the endopelvic fascia merges with the medial margin of the levator ani muscle as well. This
explains why a voluntary contraction the pelvic floor can elevate the bladder neck, through

pulling and tightening the endopelvic fascia. Magnetic resonance imaging studies support this

hypothesis (Aronson et al, 1995).

This hammock theory is distinct from the equal transmission theory, which is based on intra-
abdominal placement of the bladder neck and proximal urethra (Quinn, 1996). It suggests that

continence is not based on the location of the proximal urethra, but rather the tense layer of
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endopelvic fascia and anterior vaginal wall lying undemeath the urethra. This layer acts like a
hammock, to prevent opening of the proximal urethra, and thus leakage of urine, during stress
related increased abdominal pressure. This hammock can work even when the proximal
urethra lies outside the abdomen, as in some cases of anterior vaginal wall prolapse, and there

is no link between urethral axis and stress incontinence (Fanti et al, 1986).

The implication of this hypothesis is that correction of stress incontinence need not necessarily
entail elevation of the bladder neck and proximal urethra back to an intra-abdominal position,
as in colposuspension, but rather restoring the support underneath the proximal urethra
(DeLancey, 1994). Whilst bladder neck elevation will enhance its closure during stress, it may

create other problems, such as voiding dysfunction (Galloway et al, 1987) as well as detrusor

overactivity (Cardozo et al, 1979).

A lax endopelvic fascia therefore leads to urodynamic stress incontinence, according to the
hammock hypothesis. This laxity can result from a number of factors; including childbirth (Allen
et al, 1990), nerve damage (Snooks et al, 1985, Smith et al, 1989) and possibly
postmenopausal status. As a result, the proximal urethra will not be compressed during
increased intra-abdominal pressure, leading to leakage of urine. It can be detected in the form
of bladder neck hypermobility and/or paravaginal defects in incontinent patients (Aronson et al,
1995). Correction of this deficiency relies on tightening the endopelvic fascia, rather than

elevation of the bladder neck. This is of course distinct from cases where there is intrinsic

sphincter deficiency, type 1l urodynamic stress incontinence.

The hammock theory shares a common feature with the integral one, which is the basis for the

tension-free vaginal tape (TVT) sling. The integral theory suggests that continence relies on an
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intact urethra that is capable, regardless of the position of its proximal part, of standing
increased intra-abdominal pressure during episodes of stress (Petros & Ulmsten, 1990). The
main form of support is the pubo-urethral ligament, which is a condensation of tissue between
the posterior aspect of the symphysis pubis to the endopelvic fascia (DeLancey, 1994; Aronson
et al, 1995). Whilst the main supportive element, and thus aim of corrective surgery, are
different in the 2 theories, both focus on urethral support, rather than position, which is the

basis for equal transmission theory and colposuspension.

This hammock theory however raises some questions about the name of the radiofrequency
technique. One article (Fulmer et al, 2002) described the technique as bladder neck
suspension whereas others called it radiofrequency of the endopelvic fascia (Dmochowski et al,
2003) and radiofrequency bipolar energy for treatment (Ross et al, 2002). Although the
technique is new, such that it may take some time for a name to be agreed, it is unlikely that

bladder neck suspension is an accurate one. Radiofrequency remodelling represents a more

precise description of the technique, hence its use here.

Technique:
This technique was introduced by Surx incorporation (California, United States of America),

before being acquired by CooperSurgical Inc., Connecticut, United States of America in 2003".

- Laparoscopic approach:

A laparoscopic approach to the endopelvic fascia was used first (Dmochowski, 2002).

Exposure of this fascia was made by laparoscopic dissection and radiofrequency, provided

* CooperSurgical, Inc., News Flash, Cooper companies' unit acquires SURX product lines.

Available: http://www.leisegang.com/csweb/news_flash.asp?id=47, on 03/10/2004, at
18:15GMT.
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from a special generator, was delivered through a laparoscopic probe. The probe had to match
other laparoscopic tools, especially in its size and length, so as to reach the endopelvic fascia

through a secondary 5 mm port. The technique was approved by the Food and Drug
Administration (FDA).

A transperitoneal or extraperitoneal approach is used and the cave of Retzius is reached, as in
laparoscopic colposuspension. Two Smm lateral ports are introduced and retroperitoneal fat is
mobilised, exposing the endopelvic fascia on either side of the proximal urethra and bladder
neck, keeping a margin of at least 2cm. The area of treatment is measured before introducing

the probe and applying radiofrequency energy. Dissection and treatment are helped by vaginal

manipulation, to locate and stabilise the area (Ross et al, 2002).

- Transvaginal approach:

Subsequently, the transvaginal approach was developed (Dmochowski, 2002). It was felt that
the endopelvic fascia is easier to access vaginally, without the need for laparoscopic
dissection, avoiding abdominal incisions and scarring as well as all the possible complications
of laparoscopy. A shorter transvaginal probe was subsequently designed. It was approved by

the Food and Drug Administration (FDA), in the United States of America, and granted the

Europe-wide CE mark as well.

Patients are placed in the lithotomy position and prepared as for vaginal procedures. Infiltration
is then made with local anaesthetic with or without vasoconstrictor agent or saline to help
dissection and reduce bleeding. Two parallel vaginal incisions are made lateral to the urethra at
the level of the proximal urethra and the bladder neck, as guided by a Foley catheter. The

vagina is dissected laterally exposing the endopelvic fascia, keeping a minimum of 1cm from
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the urethra, to avoid subsequent retention, and paying attention to haemostasis, to ensure
good contact with treatment probe. An area of 1.5 X 2cm is measured and energy is delivered
using small sweeps till complete blanching or charring of tissue is noted, when a special tone is

emitted from the generator. This indicates tissue impedance consistent with adequate

treatment (Dmochowski et al, 2003).

Figure No. 4.1. The steps of transvaginal radiofrequency of the endopelvic fascia”.

Safety features:

In addition to the bipolar approach, described already, the technique has the following features;

- The device shows light on, indicating to the surgeon and operating theatre staff that energy
is being delivered. When delivery is interrupted, then there is a need to move to a new area
== 'ook for a reason that is preventing good contact with the treatment site.

- The device can detect temperature at the treatment site to avoid overheating.

Treatment is always provided under direct vision, either laparoscopically or transvaginally,

ensuring that only intended areas get treated. The treatment is not therefore a blind

procedure, like other techniques used for endometrial ablation (Lewis, 1995).

" Downloaded from the company web site, www.surx.com, before it was closed.
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- The technique entails irrigation with saline to keep tissues moist, which facilitates

conduction of energy to the endopelvic fascia.
- The effect is limited to the endopelvic fascia. As tissue fluids boils away, its conductivity
drops, impeding transmission of energy to adjacent tissues. The depth of effect on tissues

is 1.5 mm, which limits any damage to adjacent structures (Ross et al, 2002).

Equipment:

The Surx system comprises a generator and an applicator.

The Generator:

This is small and light such that it can be mounted to a drip stand. It has a screen, which

provides step by step information and prompts, and produces audible tones to assist the

surgeon and operating theatre staff during the procedure.

The Applicator:

As outlined already, there are 2 applicators, laparoscopic and transvaginal. Both are disposable

and consist of a handle and a shaft;

- The handle has an on/off trigger, green and amber lights, indicating ready and on signals,

as well as an irrigation port, for the attachment of saline, and is connected to the generator

through a cable.

The shaft is attached to the handle and ends with the tip, where the bipolar electrodes are
located. In addition to delivering radiofrequency energy, the tip also delivers saline for

irrigation and detects tissue temperature. A thermistor is located between the bipolar
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electrodes, to monitor the temperature of the area being treated, so as to avoid excess
heat and possible tissue damage. If the temperature rises above a set limit, energy delivery
is automatically cut off. Temperature control is further helped by continuous irrigation with

saline, delivered through a drip at the distal end of the probe.

Figure No. 4.2. The laparoscopic (left) and transvaginal (right) applicators”.

Laparoscopic applicator:

The shaft is 5 mm wide, and thus can be passed easily through a 5mm port, and 34cm long, so
as to reach the pelvic floor from a secondary port. The tip can be rotated 270 degrees in order

to facilitate its application to the endopelvic fascia on both sides with minimal adjustment.

Transvaginal applicator:

This applicator is short, 16.5cm long, to suite a vaginal approach. Otherwise, it has the same

features as the laparoscopic one (Dmochowski et al, 2003).

" downloaded from the company web site, www.surx.com, before it was closed.
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Laparoscopic approach:

There is only one published study that seems to have been reported 3 times. The first appears
to have been an abstract at an early stage (Galen et al, 2000) and the other two are full reports

published in 2 different journals with changed title and first author (Fulmer et al, 2002; Ross et

al, 2002).

The study included 94 patients with urodynamic stress incontinence. Objective cure, defined as
a negative valsalva, was demonstrated in 63 out of 81 patients (77.8%) at 6 months and in 66
out of 84 patients (78.6%) at 12 months. At 1 year follow up, leakage episodes decreased in
72.8% of patients and a reduction in pad use was noted in 78.2% of patients. Significant
improvement in quality of life was reported by 81% of patients. Almost half (49%) of patients

were extremely satisfied and a third (34%) were satisfied (Ross et al, 2002; Fulmer et al, 2002).

There are some discrepancies between the two papers reporting the study;

- In the paper by Ross et al, (2002), the authors confirmed that there was 1 case of de novo
detrusor overactivity, whereas in the paper by Fulmer et al, (2002), the case was described as
having urgency without detrusor overactivity actually being identified on urodynamic testing.

- In the paper by Ross et al, (2002), a valsalva leak point pressure of 60cm H20 at 250mi filling

bladder volume was used to exclude intrinsic sphincter deficiency. This was raised to 90cm

H20 in the paper by Fulmer et al, (2002).

Transvaginal approach:

Two studies have been published to date:
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1. an abstract of an ongoing study that has not been published as a completed piece of work as
yet (Galen et al, 2000), including 17 patients and showing a success rate, without defining

success, of 90% at 3 and 6 months (Galen et al, 2000).

2. a completed study (Dmochowski et al, 2003), involving 120 patients with urodynamic stress
incontinence due to urethral hypermobility. Intrinsic sphincter deficiency (type Il urodynamic
stress incontinence) was excluded, on the basis of a valsalva leak point pressure > 90cm H20

at 250ml filling bladder volume. Only 96 patients (80%) were seen at 12 months, of whom 86

(82.6%) had urodynamic assessment.

Objective cure, defined as negative valsalva, is rather unclear. The authors first indicate that 66
out of 106 patients (60.6%), including known failures who did not have urodynamic assessment
at 12 months, had negative valsalva, and were thus considered cured. They later mention that

76% out of 86 patients had negative valsalva on urodynamic assessment (Dmochowski et al,

2003).

The same problem surrounds subjective outcome. The study indicated that 21 out of 95
patients (22.1%), who completed their voiding diaries at 12 months follow up, had increased
incontinence episodes. However, it calculated the percentage on the basis of the total cohort

that was recruited (120), giving the lower rate of 19%. The authors acknowledged that 27% of

patients had no improvement (Dmochowski et al, 2003).

The effect of treatment on other parameters is even less clear. The authors report that 64% of

patients either improved or remained with mild incontinence episodes, without dividing the two
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groups. The percentage of those using a pad or more than one pad per day dropped from 57%
before treatment to 28% at 12 months after treatment, with 52% not using pads at all,
compared to 13% before treatment. A significant improvement in quality of life was noted, but

no detail was provided. Although 68% of patients were satisfied with the procedure at 12

months, 12.6% were very dissatisfied (Dmochowski et al, 2003).

The authors acknowledged that these results were inferior to the laparoscopic approach and

highlighted two possible causes;

1. the presence of fluid in the operating field dissipates energy leading to superficial treatment
of the endopelvic fascia. This seems rather strange, given the fact that the machine does
irrigate saline as a safety measure for temperature control, both in laparoscopic and vaginal
approaches.

2. the quality of radiofrequency application to the underlying tissues. They suggested that

continuous application, with mild pressure, is better than interrupted application, which they

later referred to as minimum on/off cycles.

Itis very difficult to reach a firm conclusion on the value of this technique from a single study,

especially in the absence of long-term results.

Side effects:

Laparoscopic approach:

In a study involving 94 patients (Ross et al, 2002), 4 patients had intra-operative complications

(4.3%). Two had bladder perforation during entry to the space of Retzius and both were
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repaired laparoscopically. One had an abdominal wall haematoma and the fourth had

hypotension due to anaesthesia.

In the same study (Ross et al, 2002), 4 patients had postoperative complications (4.3%). Two

had urinary tract infection, one had abdominal wound infection and one had nausea and

vomiting. Two patients were sent home with Foley catheters that were removed within 3 days.

Transvaginal approach:

There were no intra-operative or postoperative complications amongst 17 cases followed up for

6 months in the abstract (Galen et al, 2000).

There were no intra-operative complications in the study that included 120 patients. However,
there were 3 minor postoperative problems (2.5%); a patient had vaginal bleeding due to

vaginal wound dehiscence at 3 weeks, another had urinary tract infection and a third had

urgency (Dmochowski et al, 2003).

Advantages:

- Both techniques have a short operating time. For the laparoscopic approach, the average
operating time was 54.3+10.3 minutes and the average time of radiofrequency energy
application time was 2.2 minutes (Ross et al, 2002). For the transvaginal approach, the

average operating time was 30 minutes and average time of applying radiofrequency

energy was 2-3 minutes (Dmochowski et al, 2003).

Both techniques avoid the need for post-operative catheterisation, with its attendant risks.

With the laparoscopic approach, only 2 patients, out of 94 (2.1%), required catheterisation
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for 2-3 days (Ross et al, 2002). Catheterisation was not needed with the transvaginal

approach (Dmochowski et al, 2003).

Both techniques can be carried out as a day case. In the laparoscopic study of 94
laparoscopic cases, one report indicated that all patients went home on the same day
(Ross et al, 2002), whereas only 2 patients in another report (Fulmer et al, 2002) had to
stay over night for monitoring of a superficial haematoma in one and hypotension in the
other. All patients went home on the same day in the transvaginal study (Dmochowski et al,
2003).

The transvaginal approach avoids abdominal scarring, though it leaves 2 small vaginal

ones. The laparoscopic approach leaves 3 small abdominal scars, with no vaginal scarring.

Limitations:

There are no long-term results, as acknowledged by those reporting the technique (Fulmer

et al, 2002; Dmochowski et al, 2003).

All transvaginal cases were done under general anaesthesia (Dmochowski et al, 2003).

The technique however can be carried out under spinal anaesthesia.

Summary:

The technique relies on heat-induced shrinkage of lax endopelvic fascia without alteration of its
shape. Heat is generated as a result of exposing the endopelvic fascia to radiofrequency
energy, which is produced from a generator and applied using a bipolar probe. The resultant

effect is a reduction of urethral hypermobility and improvement in urinary incontinence.

Transvaginal application entails making two small incisions in the anterior vaginal wall 2cm

lateral to the bladder neck, where the probe is applied to the lax endopelvic fascia. Continuous
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tissue contact with mild pressure is important for energy delivery. A bipolar approach is used,
limiting the effect to the tissue in contact with the electrodes and enabling the use of the
technique in those patients with metal prosthesis. Local tissue temperature is monitored and
kept low by constant saline irrigation. Earlier, a laparoscopic approach was used, whereby the
retropubic space was accessed as in laparoscopic colposuspension, exposing the endopelvic

fascia on either side of the bladder neck, which is the treated with radiofrequency.

Reported objective cure rate is 60% for the transvaginal approach, which is less than the 78%
reported at 1 year following the laparoscopic approach. Complications are minor and rare but
long term results are not available. The technique takes a short duration and avoids abdominal
scarring. Although intended to be done under local or regional anaesthesia, reported cases

have so far been carried out under general anaesthesia. Published material however is limited.
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Method:

Aim:

The aim of the study was to assess the efficacy and safety of transvaginal application of low
power radiofrequency energy to the endopelvic fascia using a bipolar probe as a primary

surgical procedure for urodynamic stress incontinence of urine, due to urethral hypermobility, in

female patients.

Study design:

The study was a prospective one, without a control arm.

Qutcome measures:

Curefimprovement rates were decided according to the International Continence Society (ICS)

1hr pad test (Abrams et al, 1989), was considered the primary outcome measure.

Other measures of effectiveness, operative as well as post-operative complications, duration of
stay in hospital and pain were considered secondary outcome measures. Patients kept a
continence diary for the estimation of average daily leakage episodes and pad usage. They

also had cystometry at 6 months follow up. Pain was assessed on 1-10 visual analogue scale.

Sample size:

This was a pilot study that aimed to recruit up to 150 patients.
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Study candidates:

Female patients with urodynamic stress incontinence of urine, due to urethral hypermobility,

were invited to take part in the study as they are seen in outpatient departments. A valsalva

leak point pressure of 60cm H20 at 200ml filling volume, with the patient in the sitting position,

was used as a cut level, below which patients were excluded. They were provided with a

patient information leaflet and counselled by the nurse co-ordinating the trial. All participants

signed a consent form.

Inclusion criteria:

female patients with urodynamic stress incontinence of urine, due to urethral hypermobility.
no significant improvement in urinary incontinence for at least three months of conservative
non-invasive therapies, such as pelvic floor exercises as well as electric stimulation.

negative pregnancy test in fertile women who were not sterilised.

Exclusion criteria:

pre-existing urinary tract pathology, such as tumours, urinary tract infection and enuresis.

previous surgery for incontinence.

antidepressants, antihistamines, antiallergic medication 60 days prior to surgery.

radical pelvic surgery.
significant fibroids and/or endometriosis in the year prior to surgery.

severe uterine and/or vaginal prolapse (grade 3 on clinical examination).

detrusor overactivity or neurogenic bladder.
Bladder capacity <300ml or RU >50m.

Vesicovaginal fistula.

Other research study.
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The intervention:

The procedure was carried out as a day case procedure, with patients admitted few hours
before the operation, having been nil by mouth for 6 hours earlier. General or spinal

anaesthesia was used and patients were given a dose of prophylactic antibiotics intravenously.

Patients were placed in the lithotomy position, cleaned and draped as for any vaginal
procedure. Exposure of the periurethral area was enhanced by inserting a weighted speculum
into the vagina and tilting the head of the operating table down. A Foley's catheter was
inserted, to empty the bladder and help identification of the urethra as well as the bladder neck.

Local anaesthetic with adrenaline or saline was injected to enable dissection of the vaginal

mucosa from the endopelvic fascia.

A 3cm incision was made in the vaginal mucosa 1cm lateral to the urethra. The incision was
made such that its centre lies at the level of the mid-urethra, relying on the inflated balloon of
the Foley's catheter as a mark for the urethrovesical junction. The vaginal mucosa was
dissected laterally for 2cm to expose the endopelvic fascia, paying special attention to avoid
disturbing the underlying fascial layer or creating a pocket for fluid to collect. A special
instrument, the Surx Transvaginal Sizer, was used to confirm that an adequate surface area of

the endopelvic fascia has been exposed. Special attention was given to haemostasis.

When a midline incision was made, dissection was carried out laterally, as with anterior repair.

This dissection was continued till the target area of the endopelvic fascia, 2cm away from the

urethra, was reached. Size check was carried out as with bilateral incisions.
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Radio-Frequency treatment was then initiated by applying the tip of the applicator. The vaginal
wound was closed using vicryl sutures and patients were returned to the ward without a

catheter. They were allowed home when they were comfortable and able to pass urine without

problems.

Follow up:

Patients were seen at 3, 6 and 12 months after surgery.

Study centres:

The study was carried out at Barnsley District General and the Royal Hallamshire hospitals in
South Yorkshire, Singleton hospital in Swansea, South Wales and Bradford Royal Infirmary, in

West Yorkshire. Training was provided at Barnsley District General Hospital and each centre

had several cases done locally before starting the trial.

Ethical approval:

The study was approved by the local research ethics committee.

Data collection:

Data was collected using case report forms and downloaded onto Microsoft Works 5.0 for

windows database (www.microsoft.com).

Statistics:

All tests were carried out according to standard statistical methods (Altman, 1991) on Stata 6.0

for windows (www.stata.com).
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Summary of outcome measures per visits:

Recruitment visit:

- 5day continence diary.

- 1hr International Continence Society pad test.

Operation:

complications.

operating time.

post-operative pain.

stay in hospital.

Three months visit:

- 5day continence diary.

- 1hrInternational Continence Society pad test.

Six months visit:

- 5day continence diary.

- 1hrInternational Continence Society pad test.

- urodynamic assessment.

- vaginal examination, to assess for anterior vaginal wall prolapse.

Twelve months visit:

- 5 day continence diary.

- 1br International Continence Society pad test.
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- vaginal examination, to assess for anterior vaginal wall prolapse.
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Results:

The study had to be stopped after recruiting 35 patients in the four UK centres, in view of a high

failure rate. Data about 24 cases from Barnsley and Singleton hospital were available for

analysis. Failures were noted as early as 3 months and some patients went on to have other

continence procedures and were therefore withdrawn from the study. As a result of withdrawals

and failure to attend, only 16 patients were available for follow up at 6 months and 13 at12

months.

Back ground features:

Variable Mean (Median) SD (Interquantile range)
Age (years) 47.0 9.4

Weight (Kg) (70) (64-74)

Parity 25 11

Duration of symptoms (months) (48) (36-60)

Table No. 4.1. The demographic data and duration of incontinence for cases included in

the radiofrequency study.
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History and examination:

Feature Number (%) Main groups Number (%)
Medical problems 11(45.8%) Cardio-pulmonary 5(20.1%)
Bone and joint 4 (16.7%)
Previous surgery | 5(20.1%) Hysterectomy 4 (16.7%)
Cystocele 22 (91.7%) 1st degree 19 (79.2%)
2nd degree 3(12.5%)

Table No. 4.2. The distribution of the cohort according to their medical and surgical
history as well as the degree of cystocele, in the radiofrequency study.

Operative data:

Feature Number (Mean) | % (SD)

Anaesthesia General 22 91.7
Spinal 2 8.3

Incision Bilateral 21 87.5
Midline 3 125

Table No. 4.3. The operative data for cases included in the radiofrequency study.

11



Primary outcome measure:

Outcome at 3 months follow up:

Parameter Pre-operative | 3 months Wilcoxon singed rank test
Median (Interquantile range)
Pad test (gram) 19.2 (4-40.5) | 2.25(0.5-20.1) | P 0.06

Table No. 4.4. Comparison of pad test between pre-operative and 3 months follow up
visits, in the radiofrequency study.

Outcome at 6 months follow up:

Parameter Pre-operative | 6 months Wilcoxon singed rank test
Median (Interquantile range)
Pad test (gram) 19.2(3.9-33) [0.7(0.2-182) [P 0.13

Table No. 4.5. Comparison of pad test between pre-operative and 6 months follow up
visits, in the radiofrequency study.

Outcome at12 months follow up:

Parameter Pre-operative | 12 months Wilcoxon singed rank test
Median (Interquantile range)
Pad test (gm) 24.5 (6.2-38.6) | 1(0.4-41.9) P 0.22

Table No. 4.6. Comparison of pad test between pre-operative and 12 months follow up
visits, in the radiofrequency study.
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Secondary outcome measures:

Continence parameters:

Qutcome at 3 months follow up:

Parameter

Pre-operative

3 months

Median (Interquantile range)

Wilcoxon singed rank test

Daily leakage episodes

3 (1.5-5)

0(0-2)

P 0.01

Daily pad use

2 (1-35)

1(0-2)

P 0.02

Table No. 4.7. Comparison of continence parameters between pre-operative and 3
months follow up visits, in the radiofrequency study.

Outcome at 6 months follow up:

Parameter Pre-operative | 6 months Wilcoxon singed rank test
Median (Interquantile range) P value

Daily leakage episodes | 3 (1-5) 1(0-2) <0.01

Daily pad use 2 (1-3) 1 (0-10) 0.87

Table No. 4.8. Comparison of continence parameters between pre-operative and 6
months follow up visits, in the radiofrequency study.

Outcome at 12 months follow up:

Parameter

Pre-operative

12 months

Median (Interquantile range)

Wilcoxon singed rank test

Daily leakage episodes

3 (1-5)

1(0-3)

P 0.04

Daily pad use

2 (1-3)

1(0-5)

P 0.47

Table No. 4.9. Comparison of continence parameters between pre-operative and 12

months follow up visits, in the radiofrequency study.
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Operating time:

Feature Mean) SD

Operating time (minutes) 38 15.5

Table No. 4.10. The operating time for cases included in the radiofrequency study.

Post-operative pain:
Pain Median Interquantile range
Post-operative pain score | 1 0.5-1

Table No. 4.11. The distribution of post-operative pain in the radiofrequency study.

Operative and post-operative complications:

Complication Number %

Vaginal bleeding 2 8.3
Lower abdominal pain 2 8.3
Haematuria 1 4.2
Catheterisation 1 4.2
Vaginal discharge 1 4.2
Total 5 201

Table No. 4.12, Operative and post-operative complications in the radiofrequency study.

One patient had haematuria at the end of the operation and was catheterised for 24 hours
following a normal cystoscopy. Two patients, including the one who had haematuria, had lower
abdominal pain that resolved on simple analgesia. Two cases had mild vaginal bleeding that
did not necessitate any investigation or treatment. One patient had vaginal discharge that was

treated with antibiotics. No other operative or post-operative complications were encountered.
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Post-operative stay in hospital:

Feature

Number %

Stay > 24 hrs

0%

Table No. 4.13. Post-operative stay in hospital for cases included in the radiofrequency

remodelling study.

Anterior vaginal wall prolapse:

Outcome at 6 months follow up:

Degree of cystocele Pre-operative | 6 months follow up Mann-Whitney test
0 1 4 P0.32

1 10 7

2 2 2

Table No. 4.14. Comparison of anterior vaginal wall prolapse between pre-operative and
6 months follow up visits, in the radiofrequency study.

Outcome at 12 months follow up:

Degree of cystocele Pre-operative | 12 months follow up | Mann-Whitney test P
0 2 4 0.69

1 9 6

2 1 2

Table No. 4.15. Comparison of anterior vaginal wall prolapse between pre-operative and
12 months follow up visits, in the radiofrequency study.
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Urodynamic outcome at 6 months:

Urodynamic outcome Number of patients %

No urodynamic stress incontinence 13/18 72.2%
Urodynamic stress incontinent 5/18 27.8%
Type I 318 16.7%
Type Ili 2118 11.1%
Detrusor overactivity 0 0%

Table No. 4.16. The outcome of urodynamic assessment at 6 months follow up in the

radiofrequency study.

Cumulative failure rate across the visits:

Visit 3 months 6 months 12 months X2 test
Success 12 (57.1%) 13 (65%) 5 (27.8%) P 0.06
Failure 9 (42.9%) 7 (35%) 13 (72.2%)

Total 21 20 18

Table No. 4.17. Cumulative failure rate across follow up visits in the radiofrequency

remodelling study.

Cumulative re-operation rate across the visits:

Visit 3 months 6 months 12 months X2 test
No re-operation | 16 (76.2%) 14 (70%) 9 (50%) P0.21
Re-operation 5 (23.8%) 6 (30%) 9 (50%)

Total 21 20 18

Table No. 4.18. Cumulative re-operation rate across follow up visits in the

radiofrequency remodelling study.
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Comparison between those who had failed radiofrequency remodelling of the

endopelvic fascia and those who did not:

Background features:

Feature Successful (8) | Failed (13) 2 sample t test
Age (years) 451 +11.1 472+ 9.0 P 0.69

Weight (Kg) 83.0+20.8 66.8 +4.8 P 0.02

Parity 2 (2-2)* 2 (2-3) P 0.70**

* Median (interquantile range) ** Wilcoxon signed rank test

Table No. 4.19. Comparison of demographic data between those who had a failed
radiofrequency remodelling and those who did not.
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Chart 4.1. Box plot of the weight of those who had a successful radiofrequencey
remodelling and those who had a failed one.
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Feature

Successful (8)

Failed (13)

Wilcoxon signed rank test

Median (Interquantile range)

Pad test (gm) 10.7 (3.3-31.5) |21.4(4.3-38.6) | P 0.58
Daily leakage episodes | 3 (1.5-5) 3 (2-4) P 0.52
Daily pad use 2 (1-3.5) 2(1-3) P 0.38

Table No. 4.20. Comparison of continence parameters between those who had a failed
radiofrequency remodelling and those who did not.

Element Successful (8) | Failed (13) Fisher's exact test
Medical problems 3 (37.5%) 6 (46.2%) P 1.00
Cardio-pulmonary problems 2 (25%) 1(7.7%) P 0.53
Bone-joint problems 2 (25%) 2 (15.4%) P 0.62
Previous surgery 1(12.5%) 3 (23.1%) P1.00
Previous hysterectomy 1(12.5%) 2 (15.4%) P 1.00

Table No. 4.21. Comparison of history data between those who had a failed
radiofrequency remodelling and those who did not.

Cystocele:

Degree of Cystocele Successful (8) | Failed (13) | Mann-Whitney test
0 0 (0%) 2 (15.4%) P 1.00

1 8 (100%) 9 (69.2%)

2 0 (0%) 2(15.4%)

Tab.le No. 4.22. Comparison of degree of cystocele between those who had a failed
radiofrequency remodelling and those who did not.
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Operative data:

Feature Successful (8) | Failed (13) Fisher's exact test
Spinal anaesthesia 1(12.5%) 0 (0%) P 0.38
Midline incision 2 (25%) 0 (0%) P0.13

Operating time (minutes) | 33.4 + 14.6* 38.1 +13.5* P 0.48**

Complications 1(12.5%) 4 (30.8%) P 0.61
*Mean + SD ** 2 sample 2 test

Table No. 4.23. Comparison of operative data between those who had a failed
radiofrequency remodelling and those who did not.

Summary:

There was no significant change in pad test at any follow up visit. Although there was a
significant reduction in the number of daily leakage episodes at all follow up visit, there was
significant reduction in daily pad use at 3 months follow up only. At 1 year follow up, the

success rate was 36%. Although failure and re-operations rates increased with follow up

duration, the rise with not significant as a trend.

The mean operating time was 38 minutes and all patients were discharged home within 24
hours. Three quarters of them had minimal post-operative pain. A fifth of the patients had minor
post-operative complication, like vaginal bleeding and lower abdominal pain. There was no

significant change in the incidence of anterior vaginal wall prolpase and no one developed de

novo detrusor overactivity.

With the exception of weight, there was no significant difference in baseline features or
operative data between those who had a failed radiofrequency remodelling of the endopelvic

fascia and those who had a successful one. The weight was significantly less in those who had

a failure than those who had a success.
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Discussion:

Primary outcome measure:

There was no significant difference in pad test between recruitment visit and any follow up visit,
bearing in mind that those seen at 6 and 12 months follow up did not include those who had re-

operation for urodynamically proven failure.

Secondary outcome measures:

The number of daily leakage episodes as well as pad usage was significantly less at 3 months
follow up visits than at recruitment. Nonetheless, only the number of daily leakage episodes
remained significantly less than at recruitment when patients were seen at 6 and 12 months
follow up visits. It is worth noting however that those seen at 6 and 12 months follow up did not

include patients who had other surgical procedures for failure.

Operating time was less than 70 minutes in 97.5% of cases. The overall complication rate was
20.1%, mainly in the form of mild vaginal bleeding and lower abdominal pain. Three quarters of
patients had minimal post-operative pain. All patients were discharged home within 24 hours.

There was no significant change in the incidence of anterior vaginal wall prolapse at any of the

follow up visits.

Effectiveness:

The primary outcome measure of this study was a negative 1hr pad test (Abrams et al, 1989).
There was no significant drop in the pad test results between recruitment and any follow up
visit. Although the pad test is only one of the outcome measures used to assess the
effectiveness of radiofrequency remodelling of the endopelvic fascia as a primary surgical

procedure for urodynamic stress incontinence of urine in women, and in spite of the fact that
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some of the other outcome measures showed improvement, this lack of improvement in the

primary outcome measure in itself symbolises the failure of the procedure.

The number of daily leakage episodes and pad usage was significantly improved when patients
were seen at 3 months follow up. However, only the number of daily leakage episodes was
significantly less in subsequent follow up visits, which did not include those who had another
surgical procedure following a proven urodynamic failure. The fact that the improved daily pad

usage was short lived supports the impression from the pad test, as well as the urodynamic

assessment, that the technique is not that effective.

The significant reduction in the number of daily leakage episodes at all follow up visits and the
number of daily pad use at 3 months may appear to contradict the lack of improvement in pad
test as well as the rising failure detected on urodynamic assessment. Yet, measures like pad
test quantify, rather diagnose, urodynamic stress incontinence (Sutherst et al, 1981). They can
therefore be significantly reduced in those patients who are still suffering from stress
incontinence. In fact, only 10 patients (47.6%) had a negative pad test (>2gm), 9 (42.8 %) had

no leakage and 7 (33.3%) were not using pads at 3 months, which is consistent with the 42.9%

failure rate detected on urodynamics.

Urodynamic failure was diagnosed from the first follow up visit at 3 months, when 5 patients
(23.8%) went to have a different surgical procedure. This pattern continued even in those who
preferred to wait before having another operation. Although the number of urodynamic
successes improved from 12 (57.1%) to 13 (65%) at 6 months follow up, this was a transient
and a small rise that was followed by more failures reaching 13 (72.2%) at 12 months follow up.

The re-operation rate rose steadily across the follow up visits to reach 50% at 12 months.
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Whilst the rise in failure and re-operation rates was not significant across the visits, it was rising

and this alone signifies the short-lived effectiveness of the technique.

One important aspect of failure relates to the type of urodynamic stress incontinence. All the
cases included in this study had urodynamic stress incontinence due to urethral hypermobility
(type | and 1I), as indicated by a valsalva leak point pressure > 60cm H20. Nonetheless, 2 of
the patients who had failures had a valsalva leak point pressure < 60cm H20, which is
consistent with intrinsic sphincter deficiency (type Il urodynamic stress incontinence). This is a
more severe and difficult to treat type of urodynamic stress incontinence, in comparison to
urethral hypermobility (Hsieh et al, 2001). Although the numbers are small, the fact that 2
patients ended up worse than they started might suggest that the technique not only fails to

improve the condition, but might worsen it as well; a factor that needs to be borne in mind when

assessing various surgical options.

The cure rate shown in this study is low in comparison to established procedures like the Burch
colposuspension (Jarvis, 1994) and the tension-free vaginal tape sling (TVT) (Ward & Hilton,
2002). it is close to the anterior repair and bladder neck buttressing, which is no longer
recommended, in view of the decline in success rate over time, reaching 30% at 5 years
(Bergman & Elia, 1995). The low success rate even puts the technique at the same level as
non-invasive techniques, like pelvic floor exercises (Amuzu, 1998) and electrical stimulation
(Plevnik & Janez, 1979). In fact some reported higher success rates with non-invasive
techniques, reaching 50% with pelvic floor exercises (Morkved et al, 2002). Moreover, these
techniques might have an advantage over radiofrequency remodelling of the endopelvic fascia,

as they do not entail hospital admission or exposure to anaesthetic and they also cost less.
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Complications and side effects:

The overall rate of operative and early postoperative complications was 20.1%. All of these
complications were minor, such that no patient stayed more than 24 hours. There was no
urinary tract infection and only 1 patient left theatre with a catheter, as a result of unexplained
haematuria that cleared on its own. Serious bleeding, wound infection and voiding dysfunction
were not encountered and laparotomy was never required. Post-operative pain was minimal in

most cases, with 75% of cases grading it as 1 out of 10, on visual analogue scale.

This low incidence and profile of operative and early post-operative complications, alongside
the short operating time and post-operative stay in hospital, confirm the minimally invasive
nature of radiofrequency re-modelling of the endopelvic fascia. There were no intra-operative
complications amongst 120 patients having the procedure and only 3 (2.5%) had minor post-
operative complications; vaginal bleeding at 3 weeks due to vaginal wound dehiscence, urinary
tract infection and urgency. The average operating time was 30 minutes and the average

duration of active application of radiofrequency was 2-3 minutes. All 120 patients went home on

the same day (Dmochowski et al, 2003).

This rate is lower than with open operations, like the Burch colposuspension, as well as
minimally invasive ones, like the tension-free vaginal tape (TVT) sling. The randomised trial
that compared the 2 operations (Ward & Hilton, 2002) showed a 44.5% complication rate with
the Burch colposuspension and 39% with the tension-free vaginal tape (TVT) sling. Although
urinary tract infection was the commonest problem with both operations, serious complications

were encountered including bladder and vascular injury, wound infection and deep vein

thrombosis.
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There were no long term complications. No one suffered from de novo detrusor overactivity and
voiding dysfunction was not encountered either. There were no such cases in the published
study that included 120 cases (Dmochowski et al, 2003). Likewise, there was no significant
change in the incidence of anterior vaginal wall prolapse. The Burch colposuspension has
delayed complications like voiding dysfunction (Lose et al, 1987) and de novo detrusor
overactivity (Cardozo et al, 1979). Both complications are possible, though less common, with
tension-free vaginal tape (TVT) sling (Merlin et al, 2001; Ward et al, 200a). Tape erosion is
another complication that can follow tension-free vaginal tape (TVT) sling insertion (Ward &

Hilton, 2002). In addition, both procedures can be followed by increased vaginal wall prolapse

(Ward & Hilton, 2004).

The low complication rate reflects the technique’s mechanism of action. Radiofrequency aims
at correcting lax endopelvic fascia to restore it as a tense supporting layer underneath the
urethra. Unlike the Burch colposuspension and sling operation, prior to the introduction of
tension-free insertion, there is neither elevation of the bladder neck nor obstruction to the
urethra. Similarly, there is no disruption to fascial support to the anterior vaginal wall, as
happens upon passing the tension-free vaginal tape (TVT) sling, or alteration of the vaginal
axis, as a result of pulling the top of the vagina forwards in colposuspension, there is no

increase in anterior or posterior vaginal wall prolapse. Yet, the low complication profile is not

that much of an advantage, if the technique is of limited effectiveness.

In theory, the technique’s mechanism of restoring a normal, pre-incontinence, status resembles
the tension-free vaginal tape (TVT) sling, as both aim at increasing support for the mid urethra.
The difference however is in the way in which this support is secured. Whilst the tension-free

vaginal tape (TVT) is a synthetic mesh that works as a neo-ligament between the pubic bone
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and the urethra, radiofrequency relies on the endopelvic fascia being restored to its original

length. The limited effect raises doubt about the value of support the endopelvic fascia can

provide as a result of this shrinkage.

Cause of failure:

Patient weight was the only factor that was significantly different between those who had failure
within a 1 year from surgery and those who did not. This suggests that the failure was not
related to factors like age, severity of stress incontinence, medical history, degree of cystocele,
operative technique or occurrence of complications. On the other hand, the difference in weight

was significant, P 0.02, with the weight of those who had failure by the end of the first year

following the operation being less than those who had a success.

Obesity however has long been recognised as a risk factor for stress incontinence of urine
(Dwyer et al, 1988). This applies to incontinence developing after pregnancy and delivery
(Rasmuseen et al, 1997). It has also been associated with higher failure rate after some
procedures, like the Burch colposuspension (Kjolhede, 2005), but not others, such as the
tension-free vaginal tape (TVT) sling (Mukherjee & Constantine, 2001). The reasons for this are

poorly understood (Cummings & Rodning, 2000), but increased intra-abdominal pressure was

found in morbidly obese patients (Lambert et al, 2005).

Itis difficult thus to explain the significantly lower weight in those who had failure in this study.
The study however included a small number of patients. It is unlikely that factors like age and
parity have played a part in this group, as there was no significant difference in the age and
parity between the those who had a failure and those who did not. Nonetheless, it is possible

that other factors, that have not been adequately researched as yet, might be responsible.
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The technique was selectively used in those patients with urodynamic stress incontinence of
urine due to urethral hypermobility. It is based on the hammock hypothesis, which identifies a
tense endopelvic fascia as the main support underlying the urethra (DeLancy, 1994). Laxity of
this layer weakens urethral support, leading to the development of stress incontinence. Whilst
factors like childbirth and chronic strain predispose to and expose such weakness (Norton,
1993; Fitzpatrick & O'Herlihy, 2001), interest has recently shifted to the fascial and connective

tissue structure as an important factor behind such weakness (Ulmsten et al, 1987).

Several studies have shown significant differences in collagen content between those suffering
from stress incontinence and those who are continent. Two types of collagen have been
described in this respect, type Ill, which is considered a weak type of collagen, and type |,
which is a stronger type. Collagen fibres are held together by cross links (Norton, 1993). Both
types of collagen fibres are reduced in stress incontinent patients (Liapis et al, 2000a; Liapis et
al, 2001). A significant reduction in collagen content, the ratio between type I: type Il ratio as
well as the cross linking between collagen fibres have been found in stress incontinent
premenopausal nulliparous women comparison to those who are stress continent (Keane et al,
1997). There is also a reduced concentration of hydroxyproline (Rechberger et al, 1993), which

is one of the amino acids included in the structure of collagen fibres (Norton, 1993).

Whilst the technique shrinks the endopelvic fascia, it does not change its structure or
metabolism (Galen, 2000). A weak endopelvic fascia, that stretched over time, causing
urodynamic stress incontinence due to urethral hypermobility, might stretch and become lax
again after shortening, regardless of the method of shortening. Whilst a small study showed

lack of re-stretching at 6 weeks (Galen, 2000), no long term evaluation is available. Anterior

126



repair and bladder neck buttressing has been known to have rapid drop in success rate
(Bergman & Elia, 1994). Radiofrequency re-modelling appears to be a minimally invasive

technique that effects the same outcome, though without the use of sutures.

Procedures that do not rely on the endopelvic fascia have a better effect. Autologous slings rely
on strips from the rectus sheath, which has a different structure and metabolism to the
endopelvic fascia (Norton, 1993), even though it might be weaker in those who develop stress
incontinence of urine than in those who do not (Ulmsten et al, 1987). The tension-free vaginal
tape (TVT) sling uses a synthetic non-antigenic mesh that does not get metabolised or
absorbed, and its effectiveness is therefore ind;apendent of the strength of endogenous
connective tissue (Bakas et al, 2004). The Burch colposuspension lifts the bladder neck above
the pelvic floor, which is made of several muscles and ligaments (Stanton, 1985; Monga &

Stanton, 1994). The failure of the radiofrequency remodelling appears therefore to be due to

recurrent relaxation of inherently weak endopelvic fascia.

Although the drop in the success rate over the 1 year follow up period was not significant in this
small group, it was considerable as is reached 36% at the end of that period. This is low,
bearing in mind that anterior repair and bladder neck buttressing had 30% success rate at 5
years (Bergman & Elia, 1995). The anterior repair and bladder neck buttressing entail more
dissection and suturing than radiofrequency re-modelling of the endopelvic fascia. Such excess
dissection and suturing might provoke fibrosis, which could lead to more durable support to the

bladder neck. Under such a speculation, the minimally invasive nature of radiofrequency

remodelling of the endoplevic fascia is not an advantage.
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It is rather difficult to see a role for this technique as a method of treating urodynamic stress
incontinence due to urethral hypermobility. With the availability of minimally invasive
techniques, such as the tension-free vaginal tape (TVT) sling, patients can have better
outcome. Although side effects and complications are more with the tension-free vaginal tape
(TVT) sling, they are rare and usually minimal. Voiding dysfunction tend to improve
spontaneously over time leaving limited long term impact (Mishra et al, 2005). Even frail

patients can have it inserted under local anaesthesia as a day case (National Institute of

Clinical Excellence, 2003).
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Conclusions:

This study did not reach its target of 150 cases, yet it was clear from the small number of cases
recruited that the technique has a poor effectiveness. Failures were encountered as early as 3
months and increased with longer follow up duration. At 1 year follow up, a cure rate of 36%
was observed, with a re-operation rate of 50%. In terms of safety, the technique is associated
with a low incidence of minimal short and long term complications and very short stay in

hospital. However, this is of limited clinical value in view of the low success rate.
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Recommendation:

Radiofrequency re-modelling of the endopelvic fascia should not be used as a treatment for
urodynamic stress incontinence due to urethral hypermobility. Since stopping this study, no

patient was offered this technique at Singleton or Barnsley hospitals.

130



5. The tension-free vaginal tape (TVT) sling:

Background:

Mechanism of action:

Figure No. 5.1. The tension-free vaginal tape (TVT) sling”.

The tension free vaginal tape (TVT) acts as a new pubourethral ligament (Ward & Hilton,
2002). This secures the fixation of mid-urethra to the pubic bone, supporting the suburethral
vaginal hammock and its connection to pelvic floor muscles (Ulmsten et al, 1996). As a result, a
dynamic kinking of the urethra occurs during stress, as with increased intra-abdominal
pressure, preventing urine leakage. The midurethra is the insertion of pubourethral ligament

and the pubococcygeus muscles, and point of highest pressure on urethral pressure

profilometry (Westby et al, 1982).

" http://www.singer.ch/images/tvt2.jpg, at 21:30GMT, on 26.10.2004.
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This focus on the mid-urethra has been the basis of the integral theory of continence (Petros &
Ulmsten, 1990). The theory suggests that continence relies on a properly functioning and well
supported urethra, especially at its mid area. This is distinct from the equal transmission theory,
where the emphasis was on elevating the bladder neck above the pelvic floor, so that any rise
in intra-abdominal pressure is transmitted equally to the bladder and the proximal urethra

(Stanton, 1985). The new theory shifts the importance from the bladder neck to the mid-urethra
(Nilsson et al, 2001).

Technique of insertion:

In this procedure, a 10mm wide knitted prolene tape mesh is placed at the level of mid-urethra.
The mesh is covered by two-piece plastic sheath and held by two component metal needles
(6mm trochars) on either side. Original reports described insertion under local anaesthesia,
using 60ml of 0.25% prilocaine and adrenaline solution abdominally, under the skin above the
symphysis pubis and behind the pubic bone, and a further 40ml vaginally. The patient is asked

to cough and the tape tension is adjusted accordingly. In addition to providing anaesthesia, the

injections help dissection and haemostasis (Ulmsten et al, 1999).

More and more cases however are done under spinal anaesthesia, to provide better pain relief
for patients (Adamiak et al, 2002). Although some found higher incidence of voiding dysfunction
and thus hospital stay with regional anaesthesia (Wang & Lo, 1998), which might suggest that
insertion under regional block does not help adjusting the tension, others did not (Jeffry et al,
2001). Tension-free insertions under general anaesthesia, without the cough test, were not

associated with reduction in effectiveness or increase in complications (Ghezzi et al, 2005),
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Placement begins by making two small (1cm) transverse incisions, Scm apart, just above the
upper border of the pubic bone and a small (1.5cm) longitudinal incision in the anterior vaginal
wall, at the level of the mid-urethra. After dissection of the vagina on both sides, a catheter
mounted urethral guide is passed into the urethra and the needle holding one end of tape is
passed on one side of the urethra, which is kept on the opposite side, using the guide. The
needle is directed such that its tip perforates the urogenital diaphragm and passed behind the
pubic bone towards the ipsilateral suprapubic incision. The procedure is the repeated on the

other side, leaving the tape as a U-shaped sling around the mid-urethra.

After tape placement, perforation of the bladder is excluded by cystoscopy. The tape is
adjusted to lie straight without tension under the mid-urethra by moving the needles holding the
tape ends through the abdominal wounds. The patient is then asked to cough, to ensure that
she is continent. The sheath covered tape is cut from the needles and the plastic sheath are
gradually pulled up, so as not to cause any tension under the urethra. The abdominal ends of
the tape are cut under the skin and the abdominal as well as the vaginal incisions are closed.

As the tape is knitted, it stays in place and does not need fixation (Ulmsten et al, 1999).

Value:

The procedure is effective with 86% cure rate, 12% improvement rate and 2% failure rate
(Uimsten et al, 1999) and these figures were maintained up to 5 years (Nilsson et al, 2001).
Randomised controlled studies have shown comparable effectiveness to that of the Burch

colposuspension, which is considered to be the gold standard, objectively and subjectively, at 6

months (Ward & Hilton, 2002) as well as 2 years (Ward & Hilton, 2004).
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The procedure can be carried out under local or spinal anaesthesia, thereby avoiding the risks
associated with general anaesthesia (Ulmsten et al, 1999). However most cases are done
under spinal anaesthesia, to avoid patient discomfort and any pressure on the surgeon, and

patients often stay over night, as was the case in one study (Uimsten et al, 1999).

The minimally invasive nature of the procedure affords a number of advantages. Blood loss is
limited, with an average of 50 ml (Ward & Hilton, 2002) and the need for blood transfusion, with
its attendant risks, is therefore reduced. Post-operative pain is mild (Uimsten et al, 1999), both
in intensity (Ward et al, 2000) and duration (Liapis et al, 2000), due to limited dissection. it does
not require thromboprophylaxis nor insertion of drains, as with colposuspension (Cardozo et al,
1999). Scarring is minimal as the abdominal incisions are small (Ulmsten et al, 1999). The

incidence of wound infection and post-operative fever is low and there are no incisional hernias

(Ward & Hilton, 2002).

There no need for routine catheterisation. In a randomised trial that compared it to the Burch
colposuspension (Ward & Hilton, 2002), only 38% of patients had to be catheterised at the end,
whilst catheters were inserted in all patients after colposuspension. This reduces patient

discomfort and saves expenses. However, there was no significant difference in the incidence

of urinary tract infection.

The procedure has a low post-operative complication rate. No recurrent urinary tract infection
or tape rejection has been reported (Uimsten et al, 1999). Defective healing is rare (Galvind &
Sander, 2004). Urinary retention and voiding dysfunction are less than after open operations

(Merlin et al, 2001) and the pattern is maintained in the long term (Nilsson et al, 2001).
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Likewise, de novo detrusor overactivity is less common (Ward et al, 2000a). This is attributed to

insertion without tension (Ward et al, 20003, Liapis et al, 2000; Rezapour et al, 2001).

The minimally invasive nature of the procedure, the shorter stay in hospital and quicker
recovery and return to normal activity improve patient experience and well being. This is
reflected in better emotional, social as well as physical functions and vitality quality of life
domains, as assessed by Short Form 36, which is a validated general quality of life

questionnaire (Jenkinson et al, 1993). These better improvements were observed at 6 weeks, 6

months (Ward & Hilton, 2002) as well as at 2 years (Ward & Hilton, 2004).

The procedure is cost effective, with a mean saving of £243 (Mancca et al, 2003). Although it
costs more in terms of consumables, it has a short hospital stay, leading to reduced overall
cost, even when re-admission and follow up are taken into account. As it can be done under
local anaesthesia and sedation, patient stay in the anaesthetic and the recovery rooms is
reduced (Ward & Hilton, 2002). This allows more insertions during theatre sessions, further

enhancing efficiency. It is also associated with higher quality-adjusted life years (QALY’s), as

measured at six months follow up (Kind, 1996)

The procedure however has its unique complications;

- bladder perforation happens in 6% (Meschia et al, 2001) to 9.6% (Haab et al, 2001) of cases
and is higher than with Burch colposuspension (Ward & Hilton, 2002). Yet, it only requires
bladder drainage for 48 hours, whereas formal repair and longer drainage are needed if it
occurs during colposuspension. In addition, perforation may pass undetected at the time of

insertion, presenting later with other complications (Hilton et al, 2003). Whilst this is rare, it
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shows that the technique can have long term complications and that perforation can be missed

on cysto-urethroscopy at insertion.

- vascular injuries can take place. Most of these injuries happen as the needles are passed
blindly behind the pubic bone. Although rare (2.4%), these injuries can be serious enough to
cause haematoma and require laparotomy (Ward & Hilton, 2002). Bleeding from the vaginal
wound can also be significant sometimes, requiring catheterisation and vaginal packing (Wang

& Lo, 1998). This shows that careful dissection and passing of trochars is important.

- the procedure is followed by a higher rate of anterior vaginal wall prolapse (cystocele and/or
urethrocele) than the Burch colposuspension, both at 6 months and 2 years follow up, though
the rate of symptomatic prolapse was more or less the same (Ward & Hilton, 2004). This could
be due to an iatrogenic paravaginal defect or denervation of the anterior vaginal wall, as the
sling is being inserted (Kohli et al, 1996). The colposuspension on the other hand is foliowed by

more vault prolapse and rectocele, also at 6 months and 2 years follow up (Ward & Hilton,

2004).

Despite its simplicity, the procedure has the potential for complications and therefore requires
training (National Institute for Clinical Excellence, 2003). Experience in cystoscopy, knowledge
of the anatomy of the retropubic space and surgical training are important. Some suggested
observing § and doing 5 under supervision (Stanton, 2001) whilst others recommended a
minimum of 10 supervised insertions (Ulmsten, 2001). It is equally important to insert slings
under the vaginal wall, rather than the pubocervical fascia (Appell, 1998), so as to avoid

possible neuro-vascular injury at the level of the bladder outlet (Ball et al, 1997).
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Comparison with other minimally invasive slings;

There are 2 published studies comparing the tension-free vaginal tape (TVT) and pelvicol
slings, both coming from the same institution (Arunkalaivanan & Barrington, 2003, Abdel-Fattah
et al, 2004).

The first study (Arunkalaivanan & Barington, 2003) was a randomised controlled study that
included 142 patients with urodynamic stress incontinence There was no significant differenceo

between the 2 groups in terms of the type of anaesthelic used, operating tme of duration of

stay.

The incidence of operative and post-operative complications appeared 1o be similar with both
types of slings, but no formal statistical comparison was provided. Follow up was on the basis
of a questionnaire constructed by the authors and extended from a minimum of 6 months to a
maximum of 2 years, with @ median duration of 1 year. No comparison of the duration of follow
up was provided. This showed a dry rate of 85.3% with the tension-free vaginal tape (TVT)

sling and 89.2% with pelvicol sling. Although these rales are not far from each other, no

statistical comparison was given.

The second report (Abdel-Fattah et al, 2004) was a longer follow up of the first one The
median follow up duration was 36 months for the tension-free vaginal tape (TVT) sling and 34

months for the pelvicol sling. Again, a self-constructed questionnaire was used, showing no

significant difference in self reported dry rates between the 2 groups.

There was one study (Wadie et al, 2005) that compared the short autologous sling to the

tension-free vaginal tape (TVT) sfing. This was a randomised controlied trial that included 53
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patients with urodynamic stress incontinence. All procedures were done under spinal
anaesthesia and the short autologous sling was fixed to the periurethral fascia. There was no

significant difference between the 2 groups in baseline features. All patients were followed up

at 6 months, when urodynamic evaluation was repeated.

Apart from a significantly shorter operating time with the tension-free vaginal tape (TVT) sling,
there was no significant difference in operative or postoperative complications. In terms of
outcome at 6 months, there were 2 failures with each group and 1 patient developed de novo

detrusor overactivity in the short autologous sling group. Although these figures are

comparable, no statistical test was done.

Summary:

The tension free vaginal tape (TVT) sling acts by anchoring the mid-urethra to the pubic bone,
like a new pubourethral ligament, preventing leakage during stress. Insertion is carried out
under local or spinal anaesthesia and entails checking continence by asking patients to cough,
as the tension of the ape is adjusted. Tension is avoided, so as not to have voiding problems,
tape erosion or de novo detrusor overactivity. The technique has a comparable effectiveness to

that of the Burch colposuspension, which has been widely regarded as the gold standard.

Compared to open surgery, it is associated with less blood loss, postoperative pain, wound
infection and catheterisation as well as quicker recovery. Scarring is minimal and
thromboprophylaxis and drains are not required. No cases of defective healing, tape rejection,
incisional hernia have been reported. Long term voiding dysfunction and de novo detrusor

overactivity are also less common. These features are associated with better patient
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experience and well being, which are maintained in the long term. The procedure is cost

effective in terms of patients’ quality of life as well as cost.

The technique however has is complications, though these are limited. Bladder perforations are
more common than with open surgery, yet they are easier to manage, as long as they are
detected during cystoscopy. Undetected ones can cause long term problems. Serious bleeding
can result from injuring blood vessels during needle passing, though this is rare. Anterior
vaginal wall prolapse is more common than after the Burch colposuspension, though not all

patients develop symptoms. Careful dissection and good training are important to avoid

complications.

There is insufficient material to recommend any of the three minimally invasive slings over the

others. Available evidence suggest that all 3 are more or less of equal short term safety and

effectiveness.
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Method:

Aim of study:

To compare the clinical efficacy and operative morbidity of the tension free vaginal tape (TVT)
sling against other minimally invasive slings for urodynamic stress incontinence of urine in
women. The other minimally invasive slings are the pelvicol and the short autologous rectus

sheath pubovaginal fascial sling (sling on a string).

Study design:

The study was a randomised controlled, single blind study. Randomisation was administered
centrally from Swansea in sequence regardless of hospitals, according to computer generated
schedule and the type of sling was faxed on the morning of the operation. Patients were not
told which sling they had. All abdominal wounds were covered by a single dressing of a similar
size. The staff looking after the patient and those seeing them during follow up visits had

access to the notes and case report forms, and therefore knew which patients had which sling.

Qutcome measures:

Primary outcome measure:

Quality of life was considered the primary outcome measure in this study. It was assessed
using 2 validated questionnaires; the Bristol Female Lower Urinary Tract Symptoms (BFLUTS)
questionnaire, which is a specific symptoms as well as quality of life questionnaire for urinary
incontinence, (Jackson et al, 1996) and the EuroQol, which is a general quality of life

questionnaire (Kind, 1996). All questionnaires were completed by patients prior to clinic

attendance.
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Secondary outcome measures:

The pad test as well as operative and post-operative complications were considered secondary

outcome measures.

Sample size:
The sample size was 240 patients. This was calculated to detect a 0.65 standardised difference
in patients’ quality of life as measured by Bristol Female Lower Urinary Tract Symptoms and

EuroQol quality of life questionnaires with 80% power and 0.05 significance (95% confidence).

Study candidates:

Female patients with pure urodynamic stress incontinence of urine were invited to take part as
they were seen in outpatient departments. They were provided with a patient information leaflet

as well as adequate counselling by the nurse co-ordinating the trial at each site and all

participants signed a consent form.

Inclusion criteria:

- female patients with pure urodynamic stress incontinence of urine requiring surgical

management.

Exclusion criteria:

- patients with neurological disease.
- patients under 18 years of age.

- patients who would decline a xenograft or pig material.
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Surgical technique:

The tension free vaginal tape (TVT) sling was inserted according to the technique descried by

Ulmsten et al, (1996), and outlined earlier in the review.

The pelvicol sling was inserted according to the technique described by Barrington et al,
(2002). The pelvicol sling was taken out of its pack and each end was mounted on a double
length of PDS thread, which was held using Robert's forceps. Two small (1cm) transverse
incisions were made 5Scm apart, just above the upper border of the pubic bone and a small
(1.5cm) longitudinal incision was made in the anterior vaginal wall, at the level of the mid-
urethra. After dissection of the vagina on both sides, a catheter mounted urethral guide was
passed into the urethra and the forceps holding one end of tape was passed on one side of the
urethra, which was kept on the opposite side, using the guide. The forceps was directed such
that the tip perforated the urogenital diaphragm and passed through the retropubic space
towards the ipsilateral suprapubic incision. The procedure was the repeated on the other side,

leaving the pelvicol sling as a U-shaped sling underneath the mid-urethra. Perforation of the

bladder was excluded by cystoscopy.

For the short autologous rectus sheath fascial sling (sling on a string), a small Pfannenstiel's
incision was made to mobilise, a 8cm long and 1.5cm wide piece of rectus sheath. Each end of
this piece of sheath was mounted on a double length of PDS thread, which was held using
Robert's forceps. A 1.5cm long midline incision was made in the anterior vaginal wall at the
level of the mid-urethra. A tunnel was created laterally on either side to reach the inferior pubic
ramus and a catheter mounted urethral guide was passed into the urethra. The forceps, holding
the thread mounted fascial sling, were then used to perforate through the endopelvic fascia into

the retropubic space on one side of the urethra, which was kept on the opposite side, using the
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guide. The procedure was repeated on the other side, leaving the rectus sheath strip as a U-

shaped sling below the mid-urethra. Perforation of the bladder is excluded by cystoscopy.

Tension adjustment and wound closure were more or less the same for both slings. The PDS
threads were then pulled and the sling adjusted in position without tension, underneath the mid-
urethra. After that, the PDS threads were passed separately through the anterior rectus sheath,
to enable tying over a bridge of the rectus sheath. The gap in the rectus sheath, in the case of

the short autologous sling, was closed using continuous sutures and the abdominal and vaginal

wounds were closed as usual.

Some of the insertions were made under general anaesthesia and others were made under
spinal anaesthesia. In all three types, the sling was inserted without tension. When done under

spinal anaesthesia, patients were asked to cough and the sling position was adjusted to just

control leakage.

Follow up:

Patients were seen at 6 weeks as well as 6 and 12 months after sling insertion.

Study centres:

The study was carried out at Singleton and Morriston hospitals in Swansea, the University of
Wales hospital, in Cardiff, as well as the Princess of Wales hospital, in Bridgend, in South

Wales, the Royal Hallamshire hospital, in Sheffield, in South Yorkshire and Kingston hospital,

in Kingston upon Thames, in Surrey.
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Ethical approval:

The study was approved by the local research ethics committee of each hospital.

Data collection:

Data were collected using case report forms and down loaded onto Microsoft Works 5.0 for

windows database (www.microsoft.com).

Statistics:

All tests were carried out according to standard statistical methods (Altman, 1991). Fisher's

exact test for 3 groups was carried out on SPSS 12 for windows (www.spss.com). All other

tests were carried out on Stata 6.0 for windows (www.stata.com).

Summary of outcome measures per visit:

Recruitment visit:

- Bristol Female Lower Urinary Tract Symptoms (BFLUTS) questionnaire.

- EuroQol questionnaire.

- 1 hour International Continence Society pad test.

Operation:

- duration of surgery.

- operative complications; like bleeding and bladder perforation.

Admission:

- length of hospital stay.
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- complications, including voiding dysfunction.

Six weeks:

- complications, including voiding dysfunction.

Six months follow up visit:

EuroQol questionnaire.

1 hour International Continence Society pad test.

Complications, including voiding dysfunction.

Twelve months follow up visit:

EuroQol questionnaire.

1 hour International Continence Society pad test.

Complications, including voiding dysfunction.

Bristol Female Lower Urinary Tract Symptoms (BFLUTS) questionnaire.

Bristol Female Lower Urinary Tract Symptoms (BFLUTS) questionnaire.
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Results:

A total of 181 patients were recruited in the study. Five patients did not have their operation
performed. In addition, operative and follow up data of 19 patients (17 from Kingston and 2
from Bridgend) were never retumed, despite repeat requests. This reduced the number of

patients available for analysis of operative data to 157.

The pelvicol arm was closed during the trial, in view of a higher re-operation rate detected upon
reviewing the outcome of 74 cases at 12 months follow up. All patient information leaflets were
amended accordingly. A total of 48 patients had the pelvicol sling by the time this arm was
closed and they were kept under follow up to ensure detecting any complications. Of these
patients, 12 had confirmed failures (25%) and 8 had repeat surgery at the time of writing this

thesis (16.6%). All recruited patients however were included in the comparison of baseline

features, to ensure an intention to treat analysis.
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Comparison of baseline features between the 3 study groups:

Demographic features:

Variable (Mean + SD) | TVT (61) Pelvicol (52) Autologous (68) | ANOVA
Age (years) 554 +9.7 52.2+11.1 51.5+99 P 0.095
Weight (Kg) 756 +13.3 63+0 72.8 + 14.1 P 0.41

Table No. 5.1. Comparison of demographic data between different sling groups, in the
comparative sling study.

Stress incontinence features:

Variable TVT (61) | Pelvicol (52) | Autologous (68) | K-W test**
Duration of symptoms* (years) | 10 (4-20) | 9 (5-12) 7 (3-10) P0.11
Pad test* (gm) 23 (11-75) | 45 (15-80) 21.5 (10-38) P0.17

* Median (Interquantile range) ** Kruskal-Wallis test (non parametric ANOVA)

Table No. 5.2, Comparison of continence features between different sling groups, in the
comparative sling study.

Previous surgery:

Previous surgery TVT (61) Pelvicol (52) | Autologous (68) | X2 test
Hysterectomy 31 (50.8%) |20 (38.5%) | 23 (33.8%) P0.13
Continence surgery 14 (23.0%) | 11(21.2%) 16 (23.5%) P 0.95
Prolapse surgery 14 (23.0%) | 12 (23.1%) 10 (14.7%) P 0.40

Table No. 5.3. Comparison of different sling groups according to their surgical history
in the comparative sling study. '
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Medical history:

Medical TVT (61) Pelvicol (52) | Autologous (68) | X2 test
Hormone replacement therapy | 11 (18.0%) | 9 (17.3%) 9 (13.2%) P0.73
Cardio-pulmonary disease 17 (27.9%) | 14 (26.9%) 10 (14.7%) P0.14
Bone-joint disease 18 (29.5%) | 12(23.1%) | 21 (30.9%) P 0.62

Table No. 5.4. Comparison of different sling groups according to their medical history, in

the comparative sling study.

Operative data:

ltem TVT (52) Pelvicol (48) | Autologous (57) X2 test
Anaesthesia

General 33 (63.5%) | 33 (68.8%) 41 (71.9%) P 0.64
Spinal 19 (36.5%) | 15(31.2%) 16 (28.1%)

Additional surgery | 8 (15.4%) 5(10.4%) 4 (7%) P0.37

Table No. 5.5. Comparison of the type of anaesthesia and the percentage of those
having additional surgery in different sling groups, in the comparative sling study.

Type of additional surgery:

Operation TVT (52) | Pelvicol (48) | Autologous (57)
Hysteroscopy 1 1 0
Laparoscopic sterilisation 0 1 1
Hysterectomy 1 0 0
Sacrocolpopexy 2 0 0
Vaginal repair 2 2 2
Other 3 1 2

Table No. 5.6. The type of additional surgery in different sling groups, in the comparative

sling study.
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Comparison between the tension-free vaginal tape (TVT) and short autologous slings:

Primary outcome measure (quality of life):

Bristol Female Lower Urinary Tract Symptoms (B-FLUTS):

Outcome at 6 months follow up:
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Urinary symptoms:

% reporting symptom (% reporting symptom as a problem)

Symptom TVT Autologous P value*
Baseline | 6 months | Baseline | 6 months | Mann-
(61) (41) (68) (42) Whitney test
Daytime frequency (>7) 57 (56) | 34 (24) 41(46) | 33(31) 0.01 (0.28)
Night time frequency (>0) | 62 (51) | 54 (24) 47 (41) | 57 (21) 0.27 (0.60)
Urgency 64 (62) | 54 (29) 54 (49) | 64 (38) 0.29 (0.35)
Urge incontinence 62 (64) |3924) 56 (54) | 48 (33) 0.03 (0.17)
Bladder pain 48 (34) 117 (10 22(19) |21(14) 0.03 (0.14)
Frequency of incontinent 63 (63) |31(12) 59 (56) | 40 (29) 0.97 (0.19)
episodes (>never)
Stress incontinence 63 (63) |29(12) 59(57) |21 (17) 0.59 (0.71)
Unexplained incontinence | 54 (54) | 12 (7) 53 (47) 1 19(12) 0.71(0.46)
Quantity of urine loss 63 (N/A) | 27 (N/A) | 59 (N/A) | 38 (N/A) | 0.51 (N/A)
(>none)
Wearing protection 64 (N/A) | 24 (NJA) | 59(N/A) | 36 (N/A) | 0.24 (N/A)
Changing outer clothing 51 (N/A) | 17 (NJA) [ 47 (N/A) | 24 (NJA) | 0.03 (N/A)
Hesitancy 18 (21) |32(17) 18 (18) 140(12) 0.34 (0.63)
Straining 18 (11) |20(12) 7(7) 24 (7) 0.21(0.71)
Intermittent stream 30(21) 137(17) 21(10) |36(12) 0.23 (0.83)
Nocturnal enuresis 41(39) | 15(10) 37(29) (5(5) 0.51 (0.43)
Abnormal urinary stream 26 (18) |39(17) 16 (9) |48 (14) 0.02 (0.21)
History of retention 0 (N/A) | 5(N/A) 0(N/A) | 14 (N/A) | 0.05(N/A)
Dysuria 25(21) |20 (10) 21(10) {31(19) 0.23 (0.06)
Incomplete emptying 52(41) |49(24) 47 (37) |43 (31) 0.53 (0.98)
Inability to stop midstream | 52 (N/A) | 34 (N/A) | 49 (N/A) | 33 (NJA) | 0.38 (N/A)

* Comparing the change from baseline between the 2 groups, using the full ordinal scale.

Table No. §.7. A comparison of urinary symptoms at 6 months follow up, as measured

by the Bristol Female Lower Urinary Tract Symptoms Questionnaire, between those who
had a TVT sling and those who had a short autologous one.




Sexual Matters:

% reporting symptom (% reporting symptom as a problem)

Symptom VT Autologous P value*

Baseline 6 months | Baseline 6 months | Mann-

(61) (41) (68) (42) Whitney test
Pain due to dry 39 (21) 22 (10) 15 (15) 19 (17) 0.24 (0.39)
vagina

Sex life spoilt by 33 (33) 10 (7) 34 (31) 24 (21) 0.29 (0.65)
urinary symptoms

Pain with 20 (20) 10 (7) 13 (13) 17 (14) 0.18 (0.16)
intercourse
Incontinence with | 31 (30) 7(2) 22 (21) 7(7) 0.10 (0.36)
intercourse

* Comparing the change from baseline between the 2 groups, using the full ordinal scale.

Table No. 5.8. A comparison of sexual matters at 6 months follow up, as measured by

the Bristol Female Lower Urinary Tract Symptoms Questionnaire, between those who
had a TVT sling and those who had a short autologous one.
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Lifestyle:

% reporting symptom (% reporting symptom as a problem)

Symptom VT Autologous P value*

Baseline 6 months | Baseline |6 months | Mann-

(61) (41) (68) (42) Whitney test
Fluid restriction 46 (39) 29 (17) 38 (29) 36 (14) 0.38 (0.99)
Ability to perform | 57 (54) 22 (17) 50 (46) 14 (14) 0.90 (0.57)
daily tasks

Avoiding places or | 57 (54) 37 (24) 46 (44) 38 (26) 0.33 (0.92)
situations

Interfering with 57 (56) 20 (17) 54 (51) 19 (19) 0.67 (0.65)
physical activity

Interfering with 54 (52) 20 (17) 49 (47) 24 (21) 0.57 (0.32)

social activity

Interfering with life | 61 (N/A) 32 (N/A) 59 (N/A) | 36 (N/A) | 0.68 (N/A)

overall
* Comparing the change from baseline between the 2 groups, using the full ordinal scale.

Table No. 5.9. A comparison of life style at 6 months follow up, as measured by the

Bristol Female Lower Urinary Tract Symptoms Questionnaire, between those who had a
TVT sling and those who had a short autologous one.
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Outcome at 12 months follow up:

Urinary symptoms:
% reporting symptom (% reporting symptom as a problem)
Symptom TVT Autologous P value*
Baseline | 12 months | Baseline | 12 months | Mann-
(61) (35) (68) (28) Whitney test

Daytime frequency (>7) 57 (56) | 34 (14) 41 (46) | 36 (29) 0.19 (0.26)
Night time frequency (>0) | 62 (51) | 49 (14) 47 (41) | 64 (39) 0.52 (0.57)

Urgency 64 (62) |46 (23) 54 (49) | 64 (46) 0.69 (0.82)
Urge incontinence 62 (64) | 40 (23) 56 (54) |57 (43) 0.28 (0.37)
Bladder pain 48 (34) |29 (11) 22(19) (2114 0.40 (0.72)

Frequency of incontinent | 63 (63) |29 (17) 59 (56) | 50 (39) 0.90 (0.65)
episodes (>never)
Stress incontinence 63 (63) |26(9) 59 (67) 121(18) 0.56 (0.59)
Unexplained incontinence | 54 (54) | 14 (11) 53 (47) | 21(18) 0.80 (0.87)

Quantity of urine loss 63 (N/A) | 26 (N/A) 59 (N/A) | 34 (N/A) 0.73 (N/A)
(>none)

Wearing protection 64 (N/A) | 23 (N/A) 59 (N/A) | 39 (N/A) 0.63 (N/A)
Changing outer clothing 51 (N/A) | 17 (N/A) 47 (NJA) | 21 (N/A) 0.81 (N/A)
Hesitancy 18 (21) |26 (14) 18 (18) | 43 (18) 0.55 (0.39)
Straining 18 (11) |20 (11) 7(7) 14 (7) 0.80 (0.86)
Intermittent stream 30(21) {23(11) 21(10) |36 (14) 0.68 (0.63)
Nocturnal enuresis 41(39) [ 11(9) 37(29) |14 (14) 0.32 (0.14)
Abnormal urinary stream | 26 (18) | 34 (9) 16 (9) 46 (11) 0.24 (0.35)
History of retention 0 (N/A) | 3(N/A) 0 (N/A) | 11 (N/A) 0.48 (N/A)
Dysuria 25(21) |26 (14) 21.(10) | 21 (18) 0.17 (0.43)

Incomplete emptying 52 (41) | 46 (26) 47 (37) | 57 (29) 0.86 (0.55)

Inability to stop midstream | 52 (N/A) | 34 (N/A) 49 (N/A) | 43 (N/A) 0.44 (N/A)
* Comparing the change from baseline between the 2 groups, using the full ordinal scale.

Table No. 5.10. A comparison of the urinary symptoms, as measured by the Bristol
Female Lower Urinary Tract Symptoms Questionnaire, at 12 months follow up, between
those who had a TVT sling and those who had a short autologous one.
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Sexual Matters:

% reporting symptom (% reporting symptom as a problem)

Symptom ™VT Autologous Mann-
Baseline | 12months | Baseline 12 months | Whitney
(61) (35) (68) (28) test P value

Pain due to dry 39(21) | 20(9) 15 (15) 18 (11) 0.48 (0.75)

vagina

Sex life spoilt by 33 (33) 17 (11) 34 (31) 21 (14) 0.45 (0.64)
urinary symptoms

Pain with 20 (20) 20 (11) 13 (13) 21 (11) 0.46 (0.31)
intercourse
Incontinence with 31 (30) 6 (6) 22 (21) 14 (14) 0.13 (0.12)
intercourse

* Comparing the change from baseline between the 2 groups, using the full ordinal scale.

Table No. 5.11. A comparison of the sexual matters, as measured by the Bristol Female

Lower Urinary Tract Symptoms Questionnaire, at 12 months follow up, between th
who had a TVT sling and those who had a short autologous one. P o
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Lifestyle:

Symptom

% reporting symptom (% reporting symptom as a problem)

™t

Autologous Mann-
Baseline 12 months | Baseline | 12 months | Whitney
(61) (35) (68) (28) test P value
Fluid restriction 46 (39) 29 (14) 38 (29) 43 (21) 0.63 (0.46)
Ability to perform | 57 (54) 17 (11) 50 (46) 25 (18) 0.13(0.07)
daily tasks
Avoiding places or | 57 (54) 31 (14) 46 (44) 36 (21) 0.33 (0.59)
situations
Interfering with 57 (56) 17 (14) 54(51) | 21(18) 0.25 (0.49)
physical activity
Interfering with 54 (52) 14 (14) 49 (47) 14 (14) 0.17 (0.75)
social activity
Interfering with life | 61 (N/A) 29 (N/A) 59 (N/A) | 36 (N/A) 0.46 (N/A)
overall

* Comparing the change from baseline between the 2 groups, using the full ordinal scale.

Table No. 5.12. A comparison of the life style, as measured by the Bristol Female Lower
Urinary Tract Symptoms Questionnaire, at 12 months follow up, between those who had
a TVT sling and those who had a short autologous one.
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EuroQol:

Outcome at 12 months:

Median (Interquantile range) Mann
Item VT Autologous Whitney
Baseline (61) | 6 months (41) | Baseline (68) | 6 months (42) | test’
EuroQol | 0.725 0.848 0.788 0.848 P 0.80
score | (0.516-0.908) | (0.620-0.919) | (0.604-0.919) | (0.725-0.919)
Total
health | 0.73 0.80 0.78 0.80 P 0.84
scale | (0.55-0.80) (0.60-0.90) (0.64-0.90) | (0.65-0.90)

* Comparing the change from baseline between the 2 groups.

Table No. 5.13. A comparison of EurQol score at 6 months follow up, between those who

had a TVT sling and those who had a short autologous one.

Outcome at 12 months:

Median (Interquantile range)

Mann

Item VT Autologous Whitney

Baseline (61) | 12 months (35) | Baseline (68) | 12 months (28) | test”
EuroQol | 0.725 0.771 0.788 0.884 P 0.06
score | (0.516-0.908) | (0.181-0.919) | (0.604-0.919) | (0.781-0.919)
Total
health |0.73 0.50 0.78 0.78 P 0.88
scale | (0.55-0.80) (0.70-0.90) (0.64-0.90) | (0.60-0.90)

* Comparing the change from baseline between the 2 groups.

Table No. 5.14. A comparison of the EuroQol scores, at 12 months follow up, between

those who had a TVT sling and those who had a short autologous one.




Secondary outcome measures:

Operative outcome measures:

ltem TVT (62) Autologous (57) Mann-Whitney test
Operating time* (minutes) | 30 (25-38) 45 (40-60) P <0.001
Stay in hospital* (days) 3 (1-5) 5 (3-6) P 0.00

*Median (Interquantile range)

Table No. 5.15. A comparison of operative data between those who had a TVT sling and
those who had a short autologous one.
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Chart No. 5. 1. Dotplot of the operating time
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Postoperative stay in hospital, in days
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T{/T Short autologous
Chart No. 5.2. Postoperative stay

Pad test:
Outcome at 6 months:
Problem TVT (41) Autologous (42) Fisher's Exact
+ve Pad test 13 (31.7%) 20 (47.6%) (X2 P 0.21)

Table No. 5.16. A comparison of the incidence of +ve pad test at 6 months follow up

between those who had a TVT sling and those who had a short autologous one.

Qutcome at 12 months:

Problem

TVT (35)

Autologous (28)

Fisher's Exact

+ve Pad test

2(5.7%)

4 (14.3%)

P0.39

Table No. 5.17. A comparison of the incidence of +ve pad test at 12 months follow up

between those who had a TVT sling and those who had a short autologous one.




Intra-operative complications:

Complication TVT (52) Autologous (57) Fisher's Exact test
Bladder perforation 0 (0%) 1(1.8%) P 1.00
Excessive bleeding 0 (0%) 2 (3.5%) P 0.50

Table No. 5.18. A comparison of the incidence of intra-operative complications between
those who had a TVT sling and those who had a short autologous one.

Post-operative problems:

Problem TVT (52) Autologous (57) Statistical test
Home on ISC* 10 (19.2%) | 14 (24.6%) X2test P 0.79

Sling stretch 1(1.9%) 2 (3.5%) Fisher's exact P 1.00
Urinary tract infection | 4 (7.7%) 5 (8.8%) Fisher's exact P 1.00
Wound problems 2 (3.8%) 8 (14%) Fisher's exact P 1.00
Overall 12 (23.1%) | 16 (28.1%) X2test P 0.71

*|SC intermittent self catheterisation

Table No. 5.19. A comparison of the incidence of post-operative complications between
those who had a TVT sling and those who had a short autologous one.

Problems at 6 weeks follow up:

Problem TVT (52) | Autologous (57) | Fisher’s exact test
Intermittent self catheterisation | 2(3.8%) | 6 (10.5%) P 0.27

Wound problems 2(3.3%) | 8(4.3%) P 0.10

Urinary tract infection 0 (0%) 2 (4.3%) P 0.50

Qverall 4(7.7%) | 16 (28.1%) *P 0.01

*X2 test

Table No. 5.20. A comparison of incidence of problems at 6 weeks follow up between
those who had a TVT sling and those who had a short autologous one.
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Outcome at 6 months follow up:

Problem TVT (41) | Autologous (42) | Fishor's exact test
Intermittent self cathelerisation 4(98%) ' 4(9.5%) _P100 .
Sling release 0 (0%) 1(2.4%) P1.00
Recurrent urinary tract infection 2(4.9%)  2(4.8%) P100
Wound problems (10(24%)  1°°(2.4%) P1.00
Further surgery 0 (0%) 1°** (2.4%) ~P100

Tape erosion i 1(2.4%) 0 (0%) ~P0.49

Overal _8(195%) |, 7(16.7%) _P0gG"

* Pain ** Numbness 1°** Had stretch for voiding ptob!ems serex?

Table No. 5.21. A comparison of the Incidence of problems at 6 months follow up
between those who had a TVT sling and those who had a short autologous one.

Outcome at 12 months follow up:

Problem TVT (35) | Autologous (28) | Fisher's exact test
Recurrent urinary tract infection : 2 (5.7%) : 0(0%) P0.50
Sling stretch 0 (0%) (1' (3.6%) P0.44

_Wound problems _0(0%) 52 7.1%) PO.19

" Further surgery ‘ 0 (0%) 1*** (3.6%) P04

- Overall 2(5.7%) | 4(14.3%) P0.39

* Stretch and release ** Pain ***Had strelch earier

Table No. 5.22. A comparison of the incidence of problems at 12 months follow up,
between those who had a TVT sling and those who had a short autologous one.
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Interim analysis of re-operation rate:

Sling type At 6 months At 12 months
Tension-free vaginal tape (TVT) 0/31 (0%) 0/26 (0%)
Pelvicol 0/40 (0%) 6/28 (21.4%)
Short autologous 0/47 (0%) 0/20 (0%)
Fisher's exact (3 way) P 0.01
Pelvicol versus TVT (Fisher's exact test) P 0.03
Pelvicol versus autologous (Fisher's exact test) P 0.03

Table No. 5.23. A comparison of the rate of re-operation in different sling groups at the
time of the interim analysis, in the comparative sling study.
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Chart No. 5.3. Interim analysis failure rate.
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Comparison between those who had failed pelvicol sling and those who did not;

Demographic data:

Successful (36) | Failed (12) Test

Age* (years) 51.72 + 11.24 53.5+1143 | 2 Sample ttest P 0.64

Weight'* (Kq) 75 (68-83) 80 (63.5-02.5) | Mann-Whitney test P 0.56
*Mean + SD, ** Median (Interquantile range)

Table No. 5.24. A comparison of the demographic features between those who had a
failed pelvicol sling by 12 months follow up and those who did not.

Continence features:

Feature Successful (36) | Failed (12) | Test
Symptoms duration (months) | 10.8 +6.9* 6.58 + 3.37* | 2 sample ttest P 0.05
Pad test (grams) 45 (15-80)*" 23.5(8-83)** | Mann-Whitney test P 0.78

*Mean # SD, ** Median (Interquantile range)

Table No. 5.25. A comparison of the continence features between those who had a failed
pelvicol sling by 12 months follow up and those who did not.

Medical history:

Feature Successful (36) | Failed (12) | Fisher's exact test
Medical problems 24 (66.7%) 9 (75%) P0.73
Cardio-pulmonary disease 10 (27.8%) 4 (33.3%) P0.73

Bone/joint disease 10 (27.8%) 2(16.7%) [ P0.70

Hormone replacement therapy use | 7 (19.4%) 2 (16.7%) P 1.00

Table No. 5.26. A comparison of the medical history between those who had a failed
pelvicol sling by 12 months follow up and those who did not.
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Surgical history:

Previous surgery Successful (36) Failed (12) Fisher's exact test
Hysterectomy 17 (47.2%) 3 (25%) P 0.31
Continence 8 (22.2%) 3 (25%) P 1.00
Prolapse 8 (22.2%) 4 (33.3%) P 0.46

Table No. 5.27. A comparison of the surgical history between those who had a failed

pelvicol sling by 12 months follow up and those who did not.

Quality of life:

Bristol Female Lower Urinary Tract Symptoms (B-FLUTS):
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Urinary symptoms:

Symptom % reporting symptom (% reporting symptom as a problem)
Successful (35) | Failed (12) Mann Whitney Test P value
Daytime frequency (>7) 74 (77) 83 (92) 0.57 (0.77)
Night time frequency (>0) | 94 (71) 83 (75) 0.37 (0.74)
Urgency 100 (89) 100 (92) 0.47 (0.68)
Urge incontinence 100 (91) 100 (100) 0.11 (0.50)
Bladder pain 74 (46) 42 (33) 0.66 (0.35)
Frequency of incontinent | 97 (97) 100 (100) 0.92 (0.90)
episodes (>never)
Stress incontinence 100 (100) 100 (100) 0.19 (0.86)
Unexplained incontinence | 89 (89) 100 (100) 0.38 (0.18)
Quantity of urine loss 94 (N/A) 100 (N/A) 0.44 (N/A)
(>none)
Wearing protection 63 (N/A) 67 (N/A) 0.91 (N/A)
Changing outer clothing 80 (N/A) 83 (N/A) 0.81 (N/A)
Hesitancy 34 (26) 17 (33) 0.34 (0.67)
Straining 14 (6) 25 (17) 0.40 (0.38)
Intermittent stream 37 (26) 33 (10) 0.93 (0.18)
Nocturnal enuresis 71 (69) 83 (82) 0.34 (0.21)
Abnormal urinary stream | 31 (29) 58 (33) 0.25 (0.96)
History of retention 11 (N/A) 0 (N/A) 0.22 (N/A)
Dysuria 40 (34) 17 (20 0.21(0.22)
Incomplete emptying 89 (74) 42 (42) 0.04 (0.03)
Inability to stop midstream | 77 (N/A) 92 (N/A) 0.07 (N/A)

Table No. 5.28. A comparison of urinary symptoms, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, at recruitment between those who had a
failed pelvicol sling by 12 months follow up and those who did not.
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Sexual Matters:

Symptom % reporting symptom (% reporting symptom as a problem)
Successful (35) | Failed (12) Mann Whitney Test P value

Pain due to dry vagina 40 (37) 25 (25) 0.25 (0.23)

Sex life spoilt by urinary | 94 (94) 58 (38) 0.24 (0.15)

symptoms

Pain with intercourse 26 (26) 25 (25) 0.45 (0.38)

Incontinence with 51 (49) 50 (50) 0.28 (0.17)

intercourse

Table No. 5.29. A comparison of sexual matters, as measured by the Bristol Female

Lower Urinary Tract Symptoms Questionnaire, at recruitment between those who had a
failed pelvicol sling by 12 months follow up and those who did not.
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Lifestyle:

Symptom % reporting symptom (% reporting symptom as a problem)
Successful (35) | Failed (12) Mann Whitney Test P value

Fluid restriction 91(77) 92 (75) 0.47 (0.57)

Ability to perform daily 86 (86) 100 (100) 0.08 (0.08)

tasks

Avoiding places or 86 (86) 100 (100) 0.03 (0.08)

situations

Interfering with physical | 91 (1) 100 (100) 0.65(0.32)

activity

Interfering with social 86 (86) 92 (92) 0.05 (0.29)

activity

Interfering with life overall | 100 (N/A) 100 (N/A) 0.72 (N/A)

Table No. 5.30. A comparison of life style, as measured by the Bristol Female Lower
Urinary Tract Symptoms Questionnaire, at recruitment between those who had a failed

pelvicol sling by 12 months follow up and those who did not.

EuroQol:
item Median (Interquantile range)
Successful (35) Failed (12) Mann Whitney Test
EuroQol score 0.725 (0.62-0.883) 0.814 (0.378-0.883) | P 0.67
Total health scale | 0.725 (0.62 -0.883) 0.814 (0.378-0.883) | P 0.32

Table No. 5.31. A comparison of the EuroQol scores at recruitment between those who
had a failed pelvicol sling by 12 months follow up and those who did not.
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Operative data:

Feature Successful (36) | Failed (12) Fisher's exact test
Anaesthesia

General 27 (75%) 6 (50%)

Spinal 9 (25%) 6 (50%) P 0.15

Additional surgery 3 (83%) 2 (16.7%) P 1.00

Middle grade surgeon 9 (25%) 2 (16.7%) P0.71

Table No. 5.32. A comparison of the operative data between those who had a failed
pelvicol sling by 12 months follow up and those who did not.

Type of additional surgery:

Operation Successful (36) Failed (12)
Hysteroscopy 1(2.8%) 0 (0%)
Laparoscopy 0 (0%) 1(8.3%)
Vaginal repair 1(2.8%) 1(8.3%)
Other 1(2.8%) 0 (0%)

Table No. 5.33. The additional surgery performed in those who had a failed pelvicol sling
by 12 months follow up and those who did not.

Operating time and post-operative stay:

Feature Successful (36) | Failed (12) | Mann Whitney test
Operating time* (minutes) 35 (25-40) 25 (25-40) P 0.46
Post-operative stay* (days) 4 (3-5) 3.5 (3-5.5) P 0.89

* Median (interquantile range)

Table No. 5.34. A comparison of the operating time and post-operative stay between
those who had a failed pelvicol sling by 12 months follow up and those who did not.
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Operative complications:

Complication

Successful (36)

Failed (12)

Fisher's exact test

Excessive bleeding

0 (0%)

1(8.3%)

P0.25

Table No. 5.35. A comparison of the incidence of operative complications between those
who had a failed pelvicol sling by 12 months follow up and those who did not.

Post-operative complications:

Complication Successful (36) | Failed (12) | Fisher's exact test
Home on intermittent self

catheterisation 7(19.4%) 4* (33.3%) | P0.43

Sling stretch 1(2.8%) 0 (0%) P 1.00

Urinary tract infection 2(5.6%) 0 (0%) P 1.00

Deep vein thrombosis/

pulmonary embolism 1(2.8%) 0 (0%) P 1.00

Wound problems 2 (5.6%) 1(8.3%) P 0.59

Overall 14 (38.9%) 4(33.3%) | P1.00

* 1 with suprapubic catheter

Table No. 5.36. A comparison of the incidence of operative as well as post-operative
complications between those who had a failed pelvicol sling by 12 months follow up and

those who did not.

Problems at 6 weeks follow up:

Problem Successful (33) | Failed (12) | Fisher's exact test
Intermittent self catheterisation | 4 (12.1%) 2 (16.7%) P 0.65
Wound 1 (3%) 0 (0%) P 1.00
Urinary tract infection 1(3%) 0 (0%) P1.00
Overall 6 (18.2%) 2 (16.7%) P1.00

Table No. 5.37. A comparison of incidence of problems at 6 weeks follow up between
those who had a failed pelvicol sling by 12 months follow up and those who did not.
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Outcome in those patients who had a successful pelvicol sling:

Primary outcome measure (Quality of life):

Bristol Female Lower Urinary Tract Symptoms Questionnaire:

Outcome at 6 months:
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Urinary symptoms:

% reporting symptom (% reporting symptom as

Symptom a problem)

Baseline 6 months Mann-Whitney

(35) (23) test P value
Daytime frequency (>7) 74 (77) 39 (35) 0.002 (<0.001)
Night time frequency (>0) 94 (71) 74 (22) 0.003 (0.003)
Urgency 100 (89) 78 (61) 0.005 (0.01)
Urge incontinence 100 (91) 74 (61) <0.001 (<0.001)
Bladder pain 74 (46) 17 (17) 0.03 (0.04)
Frequency of incontinent episodes 97 (97) 61 (35) <0.001 (<0.001)
(>never)
Stress incontinence 100 (100) 35 (26) <0.001 (<0.001)
Unexplained incontinence 89 (89) 26 (26) <0.001 (<0.001)
Quantity of urine loss (>none) 94 (N/A) 61 (N/A) <0.001 (N/A)
Wearing protection 63 (N/A) 26 (N/A) 0.04 (N/A)
Changing outer clothing 80 (N/A) 22 (N/A) 0.002 (N/A)
Hesitancy 34 (26) 48 (22) 0.32 (0.80)
Straining 14 (6) 17 (13) 0.72(0.33)
Intermittent stream 37 (26) 43 (26) 0.43 (0.65)
Nocturnal enuresis 71 (69) 22 (22) 0.002 (0.02)
Abnormal urinary stream 31 (29) 61 (30) 0.03 (0.92)
History of retention 11 (N/A) 26 (N/A) 0.11 (N/A)
Dysuria 40 (34) 22 (17) 0.28 (0.16)
Incomplete emptying 89 (74) 70 (39) 0.14 (0.06)
Inability to stop midstream 77 (N/A) 52 (N/A) 0.29 (N/A)

Table No. 5.38. A comparison of urinary symptoms, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, at recruitment and 6 months follow up in
those patients whose pelvicol sling did not fail up till 12 months follow up.
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Sexual Matters:

% reporting symptom (% reporting symptom as

Symptom a problem)
Baseline 6 months Mann-Whitney
(35) (23) test P value
Pain due to dry vagina 40 (37) 17 (9) 0.15 (0.08)
Sex life spoilt by urinary symptoms 54 (64) 26 (22) 0.02 (0.01)
Pain with intercourse 26 (26) 22 (17) 0.92 (0.65)
Incontinence with intercourse 51 (49) 13(13) 0.03 (0.03)

Table No. 5.39. A comparison of sexual matters, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, at recruitment and 6 months follow up in
those patients whose pelvicol sling did not fail up till 12 months follow up.
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Lifestyle:

% reporting symptom (% reporting symptom as

Symptom a problem)

Baseline 6 months Mann-Whitney

(35) (23) test P value
Fluid restriction 91 (77) 43 (17) <0.001 (0.001)
Ability to perform daily tasks 86 (66) 26 (26) <0.001 (<0.001)
Avoiding places or situations 86 (86) 43(22) <0.001 (<0.001)
Interfering with physical activity 91 (91) 26 (26) <0.001 (<0.001)
Interfering with social activity 86 (86) 26 (26) <0.001 (<0.001)
Interfering with life overall 100 (N/A) | 26 (N/A) <0.001 (N/A)

Table No. 5.40. A comparison of life style, as measured by the Bristol Female Lower
Urinary Tract Symptoms Questionnaire, at recruitment and 6 months follow up in those
patients whose pelvicol sling did not fail up till 12 months follow up.
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Twelve months:

Urinary symptoms:

% reporting symptom (% reporting symptom as
Symptom a problem)

Baseline 12months | Mann-Whitney

(35) (19) test P value
Daytime frequency (>7) 74 (77) 42 (68) 0.06 (0.007)
Night time frequency (>0) 94 (71) 79 (42) 0.03 (0.04)
Urgency 100 (89) 100 (74) 0.10 (0.01)
Urge incontinence 100 (91) 89 (79) 0.001 (0.001)
Bladder pain 74 (46) 32 (26) 0.41(0.19)
Frequency of incontinent episodes 97 (97) 79 (68) <0.001 (0.002)
(>never)
Stress incontinence 100 (100) | 79 (74) <0.001 ({<0.001)
Unexplained incontinence 89 (89) 53 (53) 0.002 (0.001)
Quantity of urine loss (>none) 94 (N/A) 84 (N/A) <0.001 (N/A)
Wearing protection 63 (N/A) 63 (N/A) 0.37 (N/A)
Changing outer clothing 80 (N/A) 32 (N/A) 0.01 (N/A)
Hesitancy 34 (26) 42 (32) 0.53 (0.92)
Straining 14 (6) 0(5) 0.10 (0.83)
Intermittent stream 37 (26) 37 (32) 0.70 (0.82)
Nocturnal enuresis 71 (69) 26 (26) 0.01 (0.03)
Abnormal urinary stream 31 (29) 63 (32) 0.05 (0.94)
History of retention 11 (N/A) 11 (N/A) 1.00 (N/A)
Dysuria 40 (34) 42 (26) 0.65 (0.48)
Incomplete emptying 89 (74) 63 (42) 0.43 (0.24)
Inability to stop midstream 77 (N/A) 68 (N/A) 0.34 (N/A)

Table No. 5.41. A comparison of urinary symptoms, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, at recruitment and 12 months follow up
in those patients whose pelvicol sling did not fail up till 12 months follow up.
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Sexual Matters:

% reporting symptom (% reporting symptom as

Symptom a problem)
Baseline 12 months | Mann-Whitney
(35) (19) test P value
Pain due to dry vagina 40 (37) 21(11) 0.14 (0.02)
Sex life spoilt by urinary symptoms 54 (54) 37 (32) 0.35(0.19)
Pain with intercourse 26 (26) 26 (16) 0.97 (0.49)
Incontinence with intercourse 51 (49) 32(32) 0.80 (0.16)

Table No. 5.42. A comparison of sexual matters, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, at recruitment and 12 months follow up
in those patients whose pelvicol sling did not fail up till 12 months follow up.
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Lifestyle:

% reporting symptom (% reporting symptom as

Symptom a problem)

Baseline 12 months | Mann-Whitney

(35) (19) test P value
Fluid restriction 91 (77) 58 (47) 0.002 (0.06)
Ability to perform daily tasks 86 (86) 58 (42) 0.01 (0.002)
Avoiding places or situations 86 (86) 58 (63) 0.01 (0.04)
Interfering with physical activity 91(91) 63 (63) <0.001 (<0.001)
Interfering with social activity 86 (66) 41(42) <0.001 (<0.001)
Interfering with life overall 100 (N/A) | 68 (N/A) <0.001 (N/A)

Table No. 5.43. A comparison of life style, as measured by the Bristol Female Lower
Urinary Tract Symptoms Questionnaire, at recruitment and 12 months follow up in those
patients whose pelvicol sling did not fail up till 12 months follow up.

EuroQol;
Outcome at 6 months:
EuroQol:
Median (Interquantile range) Mann-Whitney test
item Baseline (35) 6 months (23) P value
EuroQol score 0.725 (0.62-0.883) 0.848 (0.689-0.919) |{P0.33
Total health scale | 0.70 (0.60 -0.90) 0.78 {0.60-0.90) P 0.57

Table No. 5.44. A comparison of EuroQol scores at recruitment and 6 months follow up
in those patients whose pelvicol sling did not fail up till 12 months follow up.
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Outcome at 12 months:

Median (Interquantile range) Mann-Whitney
ltem Baseline (35) 12 months (19) test P value
EuroQol score 0.725 (0.62-0.883) 0.796 (0.689-0.919) P 0.44
Total health scale | 0.70 (0.60 -0.90) 0.70 (0.60-0.80) P0.47

Table No. 5.45. A comparison of the EuroQol scores, at recruitment and 12 months
follow up in those patients whose pelvicol sling did not fail up till 12 months follow up.
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Secondary outcome measures:

Pad test:

At 6 months:

Problem No (%)

+ve Pad test 4123 (17.4%)

Table No. 5.46. The incidence of +ve pad test at 6 months follow up in those patients
whose pelvicol sling did not fail up till 12 months follow up.

Pad test:

At 12 months:

Problem No (%)

+ve Pad test 3/19(15.8%)

Table No. 5.47. The incidence of +ve pad test at 12 months follow up in those patients
whose pelvicol sling did not fail up till 12 months follow up.

Problems

At 6 months:

Problem No (%)
Intermittent self catheterisation 1123 (4.3%)
Sling release 0/23 (0%)
Wound problems 0/23 (0%)
Recurrent urinary tract infection 0/23 (%)
Overall 1123 (4.3%)

Table No. 5.48. The incidence of problems at 6 months follow up in those patients whose
pelvicol sling did not fail up till 12 months follow up.
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At 12 months:

Problem No (%)
Intermittent self catheterisation 0/19 (0%)
Sling release 119 (5.3%)
Vaginal irritation and redness 1119 (5.3%)
Wound problems 1/19 (5.3%)
Recurrent urinary tract infection 1119 (4.2%)
Overall 4119 (21.1%)

*Was booked for sling removal, but this was not done as the irritation and redness subsided.
The patient however became incontinent later on.

Table No. 5.49. The incidence of problems at 12 months follow up in those patients
whose pelvicol sling did not fail up till 12 months follow up.
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Outcome in those who had a failed pelvicol sling:

Primary outcome measure (Quality of life):

Bristol Female Lower Urinary Tract Symptoms (B-FLUTS):

QOutcome at 6 months:
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Urinary symptoms:

% reporting symptom (% reporting symptom as

Symptom a problem)

Baseline 6 months Mann-Whitney

(12) (11) test P value
Daytime frequency (>7) 83 (92) 55 (36) 0.07 (0.02)
Night time frequency (>0) 83 (75) 73 (45) 0.27 (0.17)
Urgency 100 (92) 100 (73) 0.74 (0.27)
Urge incontinence 100 (100) | 91 (64) 0.02 (0.10)
Bladder pain 42 (33) 36 (27) 0.75 (0.76)
Frequency of incontinent episodes 100 (100) 91 (64) 0.03 (0.24)
(>never)
Stress incontinence 100 (100) 73 (73) 0.003 (0.01)
Unexplained incontinence 100 (100) | 73(73) 0.05 (0.02)
Quantity of urine loss (>none) 100 (N/A) 73 (N/A) 0.11 (N/A)
Wearing protection 67 (N/A) 45 (N/A) 0.81 (N/A)
Changing outer clothing 83 (N/A) 45 (N/A) 0.56 (N/A)
Hesitancy 17 (33) 27 (18) 0.67 (0.42)
Straining 25 (17) 27 (0) 0.90 (0.15)
Intermittent stream 33 (10) 27 (9) 0.71 (0.94)
Nocturnal enuresis 83 (82) 18 (18) 0.002 (0.002)
Abnormal urinary stream 58 (33) 45 (18) 0.82 (0.60)
History of retention 0 (N/A) 0 (N/A) N/P* (N/A)
Dysuria 17 (20) 36 (18) 0.36 (0.91)
Incomplete emptying 42 (42) 36 (27) 0.60 (0.51)
Inability to stop midstream 92 (N/A) 81 (N/A) 0.50 (N/A)
* N/P not possible.

Table No: 5.50. A comparison of urinary symptoms, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, between recruitment and 6 months follow
up in those who had a failed pelvicol sling by 12 months follow up.
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Sexual Matters:

% reporting symptom (% reporting symptom as

Symptom a problem)
Baseline 6 months Mann-Whitney
(12) (11) test P value
Pain due to dry vagina 25 (25) 18 (18) 0.70 (0.65)
Sex life spoilt by urinary symptoms 58 (58) 36 (36) 0.81 (1.00)
Pain with intercourse 25 (25) 27 (27) 0.75(0.73)
Incontinence with intercourse 50 (50) 18 (18) 0.14 (0.15)

Table No. 5.51. A comparison of sexual matters, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, between recruitment and 6 months follow

up in those who had a failed pelvicol sling by 12 months follow up.
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Lifestyle:

% reporting symptom (% reporting symptom as

Symptom a problem)

Baseline 6 months Mann-Whitney

(12) (11) test P value
Fluid restriction 92 (75) 64 (45) 0.04 (0.18)
Ability to perform daily tasks 100 (100) | 81(81) 0.03 (0.02)
Avoiding places or situations 100 (100) | 73 (64) 0.07 (0.03)
Interfering with physical activity 100 (100) | 81(81) 0.10 (0.04)
Interfering with social activity 92 (92) 64 (64) 0.004 (0.07)
Interfering with life overall 100 (NIA) | 64 (N/A) | 0.09 (N/A)

Table No. 5.52. A comparison of life style, as measured by the Bristol Female Lower
Urinary Tract Symptoms Questionnaire, between recruitment and 6 months follow up in
those who had a failed pelvicol sling by 12 months follow up.
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Outcome at 12 months:

Urinary symptoms:

% reporting symptom (% reporting symptom as
Symptom a problem)

Baseline 12 months | Mann-Whitney

(12) (5) test P value
Daytime frequency (>7) 83 (92) 80 (80) 0.79 (0.47)
Night time frequency (>0) 83 (75) 80 (60) 0.95 (0.87)
Urgency 100 (92) 100 (80) 0.44 (0.95)
Urge incontinence 100 (100) | 100 (80) 0.38 (0.40)
Bladder pain 42 (33) 40 (40) 0.68 (0.89)
Frequency of incontinent episodes 100 (100) | 100 (80) 0.11 (0.13)
(>never)
Stress incontinence 100 (100) 100 (80) 0.01 (0.04)
Unexplained incontinence 100 (100) 80 (80) 0.24 (0.06)
Quantity of urine loss (>none) 100 (N/A) 100 (N/A) 0.38 (N/A)
Wearing protection 67 (N/A) 80 (N/A) 0.58 (N/A)
Changing outer clothing 83 (N/A) 60 (N/A) 0.70 (N/A)
Hesitancy 17 (33) 40 (60) 0.32 (0.41)
Straining 25 (17) 20 (20) 0.72 (1.00)
Intermittent stream 33(10) 20 (20) 0.74 (0.42)
Nocturnal enuresis 83 (82) 60 (60) 0.85(0.47)
Abnormal urinary stream 58 (33) 60 (20) 0.82(0.73)
History of retention 0 (N/A) 0 (N/A) N/P* (N/A)
Dysuria 17 (20) 20 (20) 0.87 (0.93)
Incomplete emptying 42 (42) 80 (60) 0.26 (0.41)
Inability to stop midstream 92 (N/A) 80 (N/A) 0.71 (N/A)
*N/P Not possible.

Table No. 5.53. A comparison of the urinary symptoms, as measured by the Bristol
Female Lower Urinary Tract Symptoms Questionnaire, between recruitment and 12
months follow up in those who had a failed pelvicol sling by 12 months follow up.
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Sexual Matters:

% reporting symptom (% reporting symptom as

Symptom a problem)
Baseline 12 months | Mann-Whitney
(12) (5) test P value
Pain due to dry vagina 25 (25) 60 (60) 0.09 (0.09)
Sex life spoilt by urinary symptoms 58 (58) 80 (80) 0.16 (0.34)
Pain with intercourse 25 (25) 60 (60) 0.29(0.18)
Incontinence with intercourse 50 (50) 80 (80) 0.44(0.23)

Table No. 5.54. A comparison of the sexual matters, as measured by the Bristol Female
Lower Urinary Tract Symptoms Questionnaire, between recruitment and 12 months
follow up in those who had a failed pelvicol sling by 12 months follow up.
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Lifestyle:

% reporting symptom (% reporting symptom as

Symptom a problem)

Baseline 12 months | Mann-Whitney

(12) (5) test P value
Fluid restriction 92 (75) 80 (40) 0.58 (0.59)
Ability to perform daily tasks 100 (100) | 80(80) 0.13(0.24)
Avoiding places or situations 100 (100) | 60(60) 0.62 (0.54)
Interfering with physical activity 100 (100) | 80 (60) 0.03 (0.05)
Interfering with social activity 92(92) 60 (60) 0.06 (0.20)
Interfering with life overall 100 (N/A) | 80 (N/A) 0.08 (N/A)

Table No. 5.55. A comparison of the life style, as measured by the Bristol Female Lower
Urinary Tract Symptoms Questionnaire, between recruitment and 12 months follow up in
those who had a failed pelvicol sling by 12 months follow up.

EuroQol:
Outcome at 6 months:

Median (Interquantile range) Mann-Whitney
item Baseline (12) 6 months (11) test P value
EuroQol score 0.814 (0.378-0.883) | 0.814 (0.806-0.901) P 0.69
Total health scale | 0.60 (0.50-0.90) 0.75 (0.58-0.90) P 0.25

Table No. 5.56. A comparison between the EuroQol scores at recruitment and at 6

months follow up in those who had a failed pelvicol sling by 12 months follow up.
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Outcome at 12 months:

Median (Interquantile range) Mann-Whitney
Item Baseline (12) 12 months (5) test P value
EuroQol score 0.814 (0.378-0.883) | 0.866 (0.806-0.901) P 0.34
Total health scale | 0.60 (0.50-0.90) 0.8 (0.7-0.9) P 0.27

Table No. 5.57. A comparison between the EuroQol scores at recruitment and at 12
months follow up in those who had a failed pelvicol sling by 12 months follow up.
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Secondary outcome measures:

Pad test:

At 6 months:

Problem No. (%)

+ve Pad test 6/11 (54.5%)

Table No. 5.58. The incidence of +ve pad test at 6 months follow up in the patients who

had a failed pelvicol sling by 12 months follow up.

At 12 months:

Problem No. (%)

+ve Pad test 4/5 (80%)

Table No. 5.59. The incidence of +ve pad test at 12 months follow up in the patients who

had a failed pelvicol sling by 12 months follow up.

Problems:

At 6 months:

Problem No. (%)
Intermittent self catheterisation 0/11 (0%)
Sling release 0/11 (0%)
Wound problems 0/11 (0%)
Recurrent urinary tract infection 0/11 (0%)
Overall 011 (0%)

Table No. 5.60. The incidence of problems at 6 months follow up in those who had a
failed pelvicol sling by 12 months follow up.
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At 12 months:

Problem No. (%)
Intermittent self catheterisation 0/5 (0%)
Sling release 0/5 (0%)
Sling removal 0/5 (0%)
Wound problems 0/5 (0%)
Recurrent Urinary tract infection 115 (20%)
Overall 115 (20%)

Table No. 5.61. The incidence of problems at 12 months follow up in those who had a
failed pelvicol sling by 12 months follow up.

Summary:

The drop in reporting of daytime frequency, urge incontinence, bladder pain, changing outer
clothes and abnormal urinary stream, as assessed by the Bristol Female Lower Urinary Tract
Symptoms questionnaire, was significantly more in those who had a tension-free vaginal tape
(TVT) sling than in those who had a short autologous sling, at 6 months follow up. Otherwise,

there was no significant difference in the change in quality of life assessment between the 2

groups.

The tension-free vaginal tape (TVT) sling required significantly less time to insert than the
autologous slings and was followed by a significantly shorter post-operative stay than the
autologous sling. There was no significant difference between the two slings in the incidence of
post-operative complications or voiding problems. At 6 weeks follow up, those who had

tension-free vaginal tape (TVT) sling had a significantly lower overall rate of problems than

those who had the short autologous one.
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There was a significant difference in the re-operation rate at 12 months following the pelvicol
sling than the tension-free vaginal tape (TVT) and short autologous slings. There was no
significant difference in background features, operative and post operative data or problems at
6 weeks follow up between those who had a failed pelvicol sling by 12 months follow up and
those who did not, apart from incidence of incomplete emptying, as assessed by the Bristol

Female Lower Urinary Tract Symptoms questionnaire, in those who had a failed pelvicol sling

by 12 months follow up.

Although there was a significant improvement in some quality of life aspects at 6 months in
those who had a failed pelvicol sling by 12 months follow up and those who did not, these

improvements became less at 12 months follow up for both subgroups. The incidence of

complications was low in both subgroups.
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Discussion:

The tension-free vaginal tape (TVT) versus the short autologous slings:

Primary outcome measure:

The reduction in daytime frequency, urge incontinence, bladder pain as well as changing outer
clothes was significantly less at 6 months follow up after tension-free vaginal tape (TVT) sling
insertion than after short autologous sling insertion, as assessed by the Bristol Female Lower
Urinary Tract Symptoms quality of life questionnaire. Likewise, significantly more patients felt a
change in urinary stream at 6 months follow up after the tension-free vaginal tape (TVT) sling
than after the short autologous sling. However, these significant differences were limited to
those reporting the symptoms, rather than those reporting them as problems. There was no
significant difference in the change of any other aspect of quality of life, as assessed by the
Bristol Female Lower Urinary Tract Symptoms and EuroQol questionnaires. Similarly, there
was no significant difference in quality of life, as assessed by the 2 questionnaires, between the

two groups of patients at 12 months. The published study did not include quality of life

assessment (Wadie et al, 2005).

Such limited and short term differences in quality of life contrast with more sustained
differences observed in the randomised trial that compared the tension-free vaginal tape (TVT)
sling and the Burch colposuspension (Ward & Hilton, 2002). This trial showed significant
differences in physical function, emotional role as well as social functioning at 6 weeks, as
measured by Short Form 36 (SF-3). These differences mirror the limited tissue dissection
involved in the tension free vaginal tape (TVT) sling, in comparison to the extensive dissection

involved in the Burch colposuspension. These differences persisted at 6 months (Ward &

Hilton, 2002) as well as at 2 years (Ward & Hilton, 2004).
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This trial did not include quality of life assessment at 6 weeks, to show any difference at that
stage. Yet, the overall impression is of a more or less equal impact on quality of life
improvement in the long term. Although the short autologous sling entails more dissection that
the tension-free vaginal tape (TVT) sling, both are minimally invasive slings, and this might
explain the limited and short term difference in quality of life impact. On the other hand, the
Burch colposuspension entails more extensive dissection in comparison to the tension-free
vaginal tape (TVT) sling, which might account for longer differences in quality of life, observed

in the randomised trial (Ward & Hilton, 2002, Ward & Hilton, 2004).

Secondary outcome measures:

The tension-free vaginal tape (TVT) sling was associated with significantly shorter operating
time and post-operative stay in hospital. The median operating time was 15 minutes shorter
with the tension-free vaginal tape (TVT) sling than with the short autologous sling. Likewise, the
median post-operative hospital stay was 2 days shorter following the tension-free vaginal tape
than after the short autologous sling. The published series (Wadie et al, 2005), showed a mean
difference of 20 minutes in favour of the tension-free vaginal tape (TVT) sling. No information

was about patient stay in hospital was provided.

Although the short autologous sling is less invasive than the long one, it is entails more
dissection than the tension-free vaginal tape (TVT) sling (Wadie et al, 2005). It requires a
longer skin incision and entails re-suturing of the rectus sheath. Consequently, it took longer to
perform and patients stayed longer than with the tension-free vaginal tape (TVT) sling. The
study did not include assessment of post-operative pain and analgesic requirements. Such

assessment could have allowed comparing the degree of minimal invasiveness of both

techniques.
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There were more intra-operative and post-operative complications with the short autologous
sling than the tension-free vaginal tape. Bladder perforation and wound problems were more
common with the short autologous sling than with the tension-free vaginal tape (TVT) sling,
though the difference was not significant. This may reflect the fact that the short autologous
sling entails more tissue dissection and takes longer than the tension-free vaginal tape (TVT)
sling. However, the difference was insignificant, both in terms of individual complications as

well as the over all incidence of problems. This matches the findings in the published series

(Wadie et al, 2005).

At 6 weeks, the incidence of individual complications was not significantly different between the
two groups. There was no significant difference in voiding dysfunction, urinary tract infection or
wound problems. Nonetheless, the overall incidence of problems was significantly higher with
the short autologous sling. This may reflect the fact that the short autologous sling entails more
dissection, and thus tissue trauma, than the tension-free vaginal tape (TVT) sling. This study
did not include an assessment of recovery and return to normal activity in its outcome

measures. Such an assessment would have provided information about possible differences

between the 2 techniques during the recovery period.

The trend towards more post-operative problems with the short autologous sling does not seem
to persist in the long term. There was no significant difference in the incidence of individual
problems or overall incidence of complications at 6 or 12 months between the 2 groups. This
shows that both techniques match up eventually, as forms of minimally invasive slings, and

have more or less the same long term safety. This pattern matches a similar trend in quality of

life assessment, as outlined above.
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Voiding dysfunction is a complication that can manifest in the early post-operative period as
well as in long term follow up. Although more patients went home on intermittent self
catheterisation after the short autologous sling, the difference was not significant. Likewise,
more patients required sling stretch following the short autologous sling, but the difference was
not significant. This matches the findings in the published series (Wadie et al, 2005), where
more patients required catheterisation following the autologous sling than after the tension-free

vaginal tape (TVT) sling. The significance of the difference between the two techniques

however was not assessed in the published series.

The development of the tension-free vaginal tape (TVT) marked a new era in sling surgery. It
introduced the concept of tension-free insertion, which reduces post-operative voiding
dysfunction. The comparable incidence of post-operative voiding dysfunction shows that
tension-free insertion of the short autologous sling can be associated with low incidence of

voiding dysfunction, as with the tension-free vaginal tape (TVT) sling. This matches the finding

and conclusion of the published series (Wadie et al, 2005).

The rates of early voiding dysfunction seem rather high. In an earlier study at the main study
centre (Lucas et al, 1996), 14% of patients required intermittent self catheterisation on
discharge from hospital following the short autologous sling. This is lower than the 24.6% found
in this study. It is difficult to judge the rate of early voiding dysfunction after tension-free vaginal
tape (TVT) sling insertion. No uniform method has been used in describing voiding dysfunction
after the insertion of this sling. The randomised controlled trial that compared the tension-free
vaginal tape (TVT) sling against the Burch colposuspension provided information about the

duration of catheterisation, including all those who had a catheter for up to a week together
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(Ward & Hilton, 2002). Another study (Mishra et al, 2005) described initial retention requiring
re-catheterisation for up to a week in 12 out of 52 patients (23.1%). A third study reported post-
operative retention in 38 out of 274 patients (13.9%), with 14 requiring urethral dilatation within

the first month, starting from the second post-operative day (Paick et al, 2005).

Delayed voiding dysfunction was more common after the short autologous sling, though the
difference was not significant. More patients used intermittent self catheterisation at 6 weeks
and 6 months, though the difference was not significant. Similarly, more patients required sling
stretch and release at 6 and 12 months, but the difference was not significant. Tension-free
insertion of the short autologous sling can therefore be as good as the tension-free vaginal tape

(TVT) sling in reducing fong term voiding dysfunction. This concords with the results of the

published series (Wadie et al, 2005).

There was no significant difference in the incidence of positive pad test between the 2 groups
at any of the follow up visits. Pad tests are better in quantifying, rather than diagnosing,
urodynamic stress incontinence (Sutherst et al, 1981). Nonetheless, they provided an objective
evaluation of the effectiveness of both sling techniques. This, in conjunction with a more or less
similar change in quality of life scores, especially in relation to stress incontinence on the Bristo!
Female Lower Urinary Tract Symptoms (B-FLUTS) questionnaire, does support the impression
that both slings are equally effective for urodynamic stress incontinence. The published series

(Wadie et al, 2005) showed no significant difference in effectiveness at 6 months, on the basis

of urodynamic assessment,

Tape erosion was encountered in one case following the tension-free vaginal tape (TVT) sling

(2%). This is a rather low rate and does support the hypothesis that tension-free insertion helps
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reducing tape erosion. The rate was equally low (1%) in the randomised trial that compared the
tension-free vaginal tape to the Burch colposuspension (Ward & Hilton, 2002). Although tape
erosion is very rare with autologous slings (Clemens et al, 2000), it can happen (Amundsen et
al, 2003). No erosions were noted in the published series that compared the 2 sling techniques
(Wadie et al, 2005). The rare occurrence of such a complication with tension-free insertion of

the tension-free vaginal tape (TVT) sling reduces the advantage of using autologous slings.

Another merit of using autologous sling is the reduced cost. Whilst the tension-free vaginal tape
(TVT) sling costs about £600 (Arunkalaivanan & Barrington, 2003), the rectus sheath is free.
Yet, one must take note of the longer operating time as well as patient stay in hospital after the
autologous sling. In a typical 4 hour theatre session, a 15minute difference per case can mean
1 or 2 more cases having sling insertion when inserting the tension-free vaginal tape (TVT)
sling than with the short autologous sling. Likewise, a 2day shorter stay in hospital can save
£300 (Department of Health, 2005). This reduces any economic advantage for the short
autologous sling, even without making any adjustment for the higher, though insignificant,

increase in intermittent self-catheterisation and other post-operative complications with the

short autologous sling.

The pelvicol sling:

An interim analysis became necessary in view of the re-operation rate observed. At the time of
the analysis, 6 out of 28 patients (21.4%) who completed 12 months follow up since the pelvicol
sling insertion required re-operation, compared to none (0%) following the tension-free vaginal
tape (TVT) or short autologous slings (P 0.01). It was unethical to continue the trial as planned
beyond that point, knowing that the re-operation rate is higher with pelvicol. By the time all

patients were seen at 12 months follow up, the total failure rate rose to 25%.
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The pattem of failure requiring re-operation was consistent. It happened after an initial
improvement lasting 6 months and manifested in the form of total failure, rather than mere
deterioration. The incidence of problems, such as voiding dysfunction or wound problems, was
not particularly higher amongst these patients than those who had a successful pelvicol sling at
any follow up visit. This pattern matches experience with the material in other hospitals, where

pelvicol was used for sling insertion and sacrocolpopexy.

Quality of life assessment using the Bristol Female Lower Urinary Tract Symptoms
questionnaire demonstrates this pattern. There was a significant improvement in the incidence
and bother of several symptoms at 6 months in those who subsequently had a failed one. At 12
months, improvements were less obvious, bearing in mind that those seen in the failed group at
this follow up stage were those who did not have a repeat operation by that time. They could
thus be seen as a subgroup with a less unfavourable outcome than those who had re-operation
prior to this follow up visit. Such drop in this subgroup shows the non sustainable effect of the

pelvicol sling. The same pattern can be seen with the pad test.

A similar pattern can be observed in those who had a successful pelvicol sling. Significant
improvements were noted at 6 months, when assessed by the Bristol Female Lower Urinary
Tract Symptoms questionnaire. These improvements however were less pronounced at 12
months. Nonetheless, there was no matching increase in the number of patients with a positive
pad test nor there were patients requiring urodynamic assessment for recurrent symptoms. A
longer follow up of these patients may well detect future failure. This is particularly important in

view of the fact that a patient who had recurrence stress incontinence following transient

vaginal irritation and redness 12 months follow up.
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This finding however is in direct contract to published reports on pelvicol sling. Nonetheless, all
published reports come from the same centre and included a prospective series (Barrington et
al, 2002) and a randomised controlled trial that compared the sling against the tension-free
vaginal tape (TVT) sling (Arunkalaivanan & Barrington, 2003; Abdel-Fattah et al, 2004). As

outlined already, these reports have their limitations.

The prospective series included 40 patients with no power calculation and relied on a non
validated questionnaire in assessing outcome. Although the stated follow up duration ranged
from 6 to 18 months, the results describe the outcome at 6 months. As all the failures observed
in this study happened after 6 months follow up, the follow up period was not the same.
Although a failure (2.5%) was reported in the series, it is possible, at least in theory, that more

failures were encountered since this report, especially when no longer follow up of that

particular study has been published.

The randomised controlled trial was based on a non-validated questionnaire (Arunkalaivanan &
Barrington, 2003, Abde!-Fattah et al, 2004). At a median follow up duration of 12 months, there
were 6 failures in the pelvicol arm (8.1%). At a median follow up duration of 34 months, with 68
out of the original 74 patients replying, the number of failures dropped to 5 failures (8%). No
comment was given as to when the diagnosis of failure was made, whether it was preceded by

good outcome or not and whether the sling was still present at repeat surgery, in case of re-

operation, or not.

A recent report described the surgical and histopathological findings in patients who required
repeat surgery following pelvicol slings (Gandhi et al, 2005). There were 66 patients in total, 10

(15.2%) of them required surgery for retention and 2 (3%) for failure. The 2 failures had repeat
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surgery at 58 and 67 weeks after insertion and both were cured on urodynamic assessment
before that. This matches the pattern of the failures encountered in this study. Fibrous bands

were found below the urethra and the sling appeared to be intact.

One of the features found on histopathological examination in this study was a foreign body
reaction in those patients who had retention of urine. Although repeat surgery for these cases
was done at an earlier stage, ranging from 15 to 42 weeks, the authors raised the possibility of
a varied human body response to pelvicol (Gandhi et al, 2005). This may undermine the value

of the material in inducing tissue remodelling that provides adequate support for the urethra to

prevent stress incontinence.

A similar report described the histopathological features of the autologous sling at the time of
repeat surgery (FitzGerald et al, 2000). It involved 5 patients, 3 of whom had voiding
dysfunction and 2 had failure. It showed fibroblast proliferation and neovascularisation
consistent with tissue remodelling to match new lines of tension alongside the new ligament.
There was however no evidence of inflammatory response up to 4 years following sling

insertion. This shows a different tissue response, which was free from a foreign body reaction,

even in failed cases.

Although these 2 studies are limited in numbers, they demonstrate a difference in the fate of
pelvicol and autologous rectus sheath slings. Whilst the pelvicol can be perceived as a foreign
antigen, the rectus sheath fascia can not. The foreign body reaction may not happen with each
patient, yet it can happen and this shows the material to be capable of provoking such a
response, at least in some patients. One of the patients who had a successful pelvicol sling, in

the 3 way sling trial, presented with vaginal irritation and redness at 12 months follow up.
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Reaction to pelvicol was suspected and she was booked for sling removal. Although this was
cancelled, as the patient symptoms improved, she subsequently had a failure. This was not
included in the failure group in the analysis, as her failure was diagnosed after the 12 months
follow up, which is the latest follow up included in this thesis. This was a single case,

nonetheless it illustrates the very likely cause of failure.

A third study looked at the effect of Polypropylene (Prolene) mesh, which is used in the
tension-free vaginal tape (TVT) sling (Falconer et al, 2001). 1t included 10 patients who had
punch biopsies before inserting the tape and 2 years later. This was part of a comparison with
mersilene tape and normal control, rather than on re-operation for retention of urine or failure,

as in the above 2 studies. Characteristically, minimal reaction was observed with the tapes and

there was no change in collagen status.

Although delayed reaction was not proven in this study, as tissue specimens were not obtained
at the time of repeat surgery, there are no other possible reasons to explain the failures. There
was no significant difference in baseline features between those who had failures with pelvicol
and those who did not, apart from incomplete emptying, as assessed by the Bristol Female
Lower Urinary Tract Symptoms quality of life questionnaire. The fact that those who
subsequently had failure were better in this symptom further support the idea that failure was

not related to patients. There was no significant difference in operative data, including the

grade of the surgeon, or in post-operative complications.
Although some methodological issues may have limited the scientific value of this trial, it is

unlikely that they have influenced the result in relation to pelvicol failure. Training in pelvicol

sling insertion was not specifically provided prior to including centres. Yet, it was not provided
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in the short autologous sling either. It is also true that randomisation was continuous for all
centres, rather than in blocks. In theory, this might lead unbalanced distribution of cases with a
particular centre having more cases allocated to one arm of the study than the other 2 arms. If
this centre were to have a bad technique, then this would have affected the results.
Nonetheless, failures were seen across the centres where pelvicol slings were inserted. It is
equally true that those assessing outcome were not blinded to the sling used. However, it is

unlikely that this would have influenced failures to appear only with pelvicol and only after 6

months, without any increase in complications.

One other limitation of the trial relates fo its primary outcome measure and sample size. Quality
of life has never been used as a primary outcome measure before. Randomised controlled
trials tended to use objective measures, such as the pad test and urodynamic assessment, as
in the trial that comparing the tension-free vaginal tape (TVT) sling and the Burch
colposuspension (Ward & Hilton, 2002). Moreover, sample size calculation should be based on
a reported figure with specific indication to the magnitude of difference to be detected, either
above or below the figure quoted from literature. This was not the case in this study. It is
unlikely however that a properly calculated sample size would have found a different outcome,
given the nature and extent of the findings detected in this trial. This applies to the failure of the

pelvicol sling as well as the limited difference between the tension-free vaginal tape (TVT) and

short autologous slings.
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This trial has not reached its target number of 240. It can not therefore rule out a 0.65
standardised difference in patient's quality of life, as measured by the Bristol Lower Urinary
Tract Symptoms questionnaire, with 80% power and 95% confidence (0.05 significance).
Nonetheless, it does suggest that the tension-free vaginal tape (TVT) and short autologous
slings have a comparable incidence of post-operative complications, both early and delayed.
This study did not entail direct evaluation of effectiveness, through urodynamic assessment.
Yet, it entailed an objective measure, the pad test, as well as a subjective one, quality of life
assessment, and these measures showed both techniques have a comparable effectiveness.
The tension-free vaginal tape (TVT) sling however requires less operating time and shorter
post-operative stay in hospital than the short autologous siing. The reduced cost of operating
time and hospital stay lessens the higher cost of the tension-free vaginal tape (TVT) sling. It

also affords a short term advantage in quality of life status as well as a reduced incidence of

overall complications at 6 weeks follow up.

Pelvicol sling however has a significantly higher delayed failure rate compared to the tension-
free vaginal tape (TVT) and the short autologous (sling on a string) slings. The delayed failure

appears to be related to the antigenicity of the pelvicol material, which provokes a slow immune

response.
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Recommendations:

- Patients should be advised that the tension-free vaginal tape (TVT) sling has equal safety

and effectiveness to the short autologous sling. It is also associated with shorter operating
time as well as post-operative stay in hospital. Besides, there is some advantage in quality
of life in the short term.

Trusts should be advised that the additional cost of the tension-free vaginal tape (TVT)
sling entails is reduced by shorter operating time and early discharge from hospital.
Patients are to be advised that the use of pelvicol sling carries a higher risk of failure

requiring re-operation than either the tension-free vaginal tape (TVT) or short autologous

slings.
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7. Appendix 1:

1. Urodynamic assessment.

2. Statistical tests used for analysis.

3. International Continence Society (ICS)1hr pad test.
4. King's health questionnaire.

5. EuroQol questionnaire.

6. Bristol Female Lower Urinary Tract Symptoms Questionnaire.
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Urodynamic assessment:

Subtraction dual channe! cystometry was performed according to International Continence
Society standards (Abrams et al, 1989; Abrams et al, 2002). Patients were in the sitting position
and an 8Fr double lumen catheter was used for filing and measurement of intravesical
pressure. Rectal, or vaginal, pressure was measured using fluid filled catheter. Moderate filling
rate of 50ml/min was followed. Detrusor overactivity was diagnosed upon detecting uninhibited
detrusor contractions during filling or on provocation or if there was a rise in baseline detrusor
pressure of 20cm of water. Urodynamic stress incontinence is diagnosed upon leakage of urine
in the absence of detrusor contraction. Valsalva leak point pressure was measured at 200m!

filing volume, in the sitting position. A cut level of 60cm of water was used for the diagnosis of

intrinsic sphincter deficiency.
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Statistical tests:

Statistical analysis was carried out according to standard tests (Altman, 1991) on Stata version

6 for Windows (www.stata.com), with the exception of the Fisher's exact test for more than 2

variables. This was carried out on SPSS version 12 for Windows (www.spss.com).

The distribution of continuous data was checked for normality using Shapiro-Wilk test.
Parametric tests were used for normally distributed data. The mean and standard deviation
were used for description, 2 sample t test was used for comparing 2 groups and ANOVA
(analysis of the variance) was used for comparing more than 2 groups. Non parametric tests
were used when data did not fit a normal distribution. The median and interquantile range were
calculated for description. The Wilcoxon signed rank test was used for comparing 2 groups and

Kruskal-Wallis test (non parametric ANOVA) was used for comparing more than 2 groups.

Categorical data were described in numbers and percentage. The X2 test was used for
comparing groups, resorting to the Mann-Whitney test when expected frequencies were < 5 in
20% of cells. Alternatively, Fisher's exact test was used when data fitted 2X2 table. Fisher's

exact test for more than 2 groups was used for comparing more than 2 groups when only 2

observations were encountered, fitting 2X3 table, as in the case of re-operation rate in the sling

trial.
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