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" They who in youth have relaxed bowels,

in old age become constipated.

But they who in youth are constipated,

in advanced life have the bowels relaxed. "

Hippocrates, Aphorisms, XX Sectio 2
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INTRODUCTION AND SUMMARY

Faecal urgency and incontinence are conditions affecting all ages and both

sexes, but are particularly common in women. Faecal urgency is defined as the

sense of having to rush to the toilet i.e. not being able to defer defecation for any

significant period of time. Faecal incontinence is defined as the inadvertent or

uncontrolled passage of flatus or stool.

Faecal urgency and incontinence can have major consequences on the quality

of a persons life, Social, recreational, occupational and sexual activities are

affected. They may become housebound, be forced to use pads, napkins and

deodorants to help compensate and hide their symptoms. lt may be the deciding

factor in placing an elderly person in nursing care.

Obstetric practice has an enormous bearing on anal sphincter function. This is

thought to be the leading cause of incontinence, and is pafticularly associated

with the management of difficult labours.

This thesis sets out to examine the effect of labour and delivery on the function of

the anal sphincter. ln primiparous women, who would be expected to have normal

anal sphincter muscle morphology and neural innervation, the effect of labour and

delivery on the pressures generated by the anal sphincter measured by anal

manometry was examined. The incidence of injury to the anal sphincter muscle

and innervation was asceftained using anal ultrasound and pudendal nerve

terminal motor latency (PNTML). The effect that an injury had on the anal

pressures was determined. The mode of delivery and other delivery details such

as the babies head circumference, weight, length of labour, perineal tear and use

of episiotomy were examined to determine what influence these variables had on



the incidence of injury either to the anal sphincter muscle or innervation and anal
pressures' Testing of anal sphincter function was repeated at 6 months to
determine if any injury was reversible or persisted to this time. Finally the patients

were asked if they had any symptomatic anal sphincter dysfunction that could be
ascribed to a documented injury to the anal sphincter muscle or inneruation.
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Chapter 1:

GENERAL PLAN OF THESIS

An overview of the anatomy of the anal sphincter mechanism

and the normal mechanisms of continence. This is followed by

a discussion on the epidaemiology, aetiology, and assessment

of faecal incontinence.

Chapter 2: Aims and Methods.

Chapter 3: Results.

Chapter 4: Discussion.

Chapter 5: Conclusion.



CHAPTER 1

AN OVERVIEW OF THE ANATOMY OF THE ANAL SPHINCTER

MECHANISM AND THE NORMAL MECHANISMS OF CONTINENCE

AND A DISCUSSION ON THE EPIDEMIOLOGY. AETIOLOGY AND

^cctrqcMtr
ttr attr trÂtrfìat tNtìôNTlNtrNCtr

sEcfloN 1

^N^TôfUtV 
ôtr E ÂrtÂ¡ cDurNf\TtrÞ ltttrêl{ÂNlslt/l aNn THtr

NORMAL MECHANISMS OF CONTINENCE

Anatomv of the anal canal

There remain many controversial areas in the anatomy of the anorectum. Two

good examples are whether the anal sphincter is a single muscle mass or

consists of distinct muscles lying in parallel, and whether the puborectalis muscle

is part of the external anal sphincter, or belongs to the levator group of muscles.

To the anatomist these issues may be impoftant, but from a functional view it is not

so important as the muscular function is explained no matter the precise

description.

Anal canal. This is 3 to 4 cm long. It descends as the continuation of the rectum,

commencing at the pelvic floor ( puborectalis muscle ), and ending at the anal

verge. At the junction of the rectum and the anal canal there is an acute change in
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direction of the bowel lumen. This is called the anorectal angle, and is normally

about 80 degrees. lt comes about because of the forward pull of the puborectalis

muscle, with the anal canal having a posterior direction after passing through the

pelvic floor, (See Fig. 1)

The anal canal is flattened into an anterior-posterior slit, because of its

attachments to the perineal body and to the anococcygeal ligament, and the

pressure of the ischiorectal fat pads laterally.l

The anal canal has a mucosal lining. This can be divided into thirds, The lower

third being stratified squamous epithelium, which is modified skin, being hairless

and having no sweat glands. The middle third is a transitional zone of mixed

stratified squamous and stratified columnar epithelium. The upper third is

columnar epithelium similar to the mucosal lining of the colon.

The dentate line represents the junction of the embryological junction of the

endoderm and ectoderm. This a watershed for the somatic sensation, lymph and

venous drainage of the anal canal.

The anal canal is surrounded by the 2 muscular tubes of sphincter, the internal

and external anal sphincters.2

Pelvic Floor. This is formed by the levator ani muscles, which are paired,

overlapping sheets of striated muscle, forming a funnel (See Fig. 2). Another

name is the pelvic diaphragm. The muscles are the puborectalis, pubococcygeus,

iliococcygeus, and coccygeus. The nerve supply is from direct branches of the

sacral plexus ( 54 ), which supply it from it's pelvic surface. There may be a

contribution from the pudendal nerve from it's perineal side. They arise in

continuity from the spine of the ischium, along the "white line" (arcus tendineus) of

the obturator internus fascia, to the pubis, and insert into the coccyx and
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anococcygeal raphe.2

1) Puborectalis. This the most caudal of the levator muscles. lt is intimately

applied to the upper aspect of the external anal sphincter muscle and functionally

its main role is with anorectal continence.3,4 lt arises from the posterior aspect of

the body of the pubis, the inferior pubic ramus, and the adjacent urogenital

diaphragm. The muscle passes in a posterior direction and loops around the

rectum to form a "tJ" shaped ring. Muscle fibres fuse with those of the longitudinal

muscle layer of the rectum and external anal sphincter. The muscle delineates the

junction of the rectum and the anus, and is responsible for the anorectal angle. lts

innervation is from the 4th sacral nerve and the pudendal nerue.S

2) Pubococcygeus, This muscle originates from the posterior, inferior aspect of the

pubis and the adjacent obturator fascia, including the arcus tendineus of the

levator ani. The antero-medial fibres insert into and help form the levator

prostatae, pubovaginalis, and pubourethralis. Fibres are seen to intermingle with

those of the intermediate or longitudinal anal sphincter. Posteriorly the fibres

merge in the midline to form the ano-coccygeal raphe. The insertion is into the

coccyx and the sacro-coccygeal Iigament.

3) lliococcygeus. This muscle arises from the arcus tendineus of the fascia of the

obturator internus muscle. lt arises in line with pubococcygeus but posterior and

caudal to it. The insertion is into the lower sacral segments.

4) Coccygeus. This is also known as ischiococcygeus. lt arises from the tip of the

ischial spine and inserts into the coccyx and lower sacrum, lt pylogenetically was

the "tail wagge/' of the sacrum. ln man, it is now largely ligament (sacrospinous).2

The puborectalis is the pelvic floor muscle most involved with defaecation. lt acts
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by pulling the upper end of the anal canal anteriorly when contracted. This closes

off the upper end of the anal canal by increasing the angle from the rectum to the

anal canal (See Fig. 1). When relaxed the puborectalis allows the anal canal to

open and the angle between rectum and anus is less acute to allow for passage

of stool. The other muscles of the pelvic floor are less important but support the

pelvic organs in their correct positions to allow for normal function.

lnternal anal sphincter. This is composed of smooth muscle, and is the thickened

continuation of the circular muscle of the rectum. lt lies in the upper two thirds of

the anal canal, within the external anal sphincter and the longitudinal muscle. In

the lower third of the anal canal the sphincter is not present and the external anal

sphincter alone surrounds the anal canal. There is a distinct groove on rectal

examination, at the lower end of the internal anal sphincter. The thickness of the

sphincter varies from 0.1 to 0,5 cm. This smooth muscle is innervated by the

hypogastric plexus ( sympathetic; stimulates contraction via alpha receptors ), and

the sacral parasympathetic nerves ( parasympathetic; relaxes the sphincter ).

These nerue fibres are in the myenteric plexus.2,6

Longitudinal muscle. This is a direct continuation of the outer longitudinal rectal

wall, with contributions from the levator ani muscles. lt lies in the intersphincteric

plane between the internal and external anal sphincters. Distally it fans out,

traverses the lower part of the external sphincter, and insefts into the perianal

skin. This is termed the corrugator ani muscle.T A differing arrangement has been

suggested by Shafik, where the longitudinal muscle is composed of 3 layers,

each having a different origin. The inner layer derived from the longitudinal

muscle coat of the rectum, the intermediate coat derived from the pubo-rectalis
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muscle, and the outer coat derived from the deep external sphincter.l4 The true

function of the muscle is unknown. lt has been thought to act as a scaffold in the

support of the other anal sphincters, and anal cushions, lt also has been termed

the evertor ani muscle, with contraction leading to shoftening, widening, and

eversion of the anal canal.7,8

External anal sphincter. This is a striated muscle, and has been described in

many fashions, ranging from the 3 distinct muscles of Milligan and Morgan9, the

single muscle mass of Goligher1,10, the S loop system of Shafikll and the

division of the sphincter into 2 compartments, of paired muscles, of Oh and

Kark12. Xl concur that there is a cylinder of muscle that surrounds the anal canal,

that is principally elliptical in cross-section, and has attachments to the perineal

body and the ano-coccygeal ligament.

The sphincter can be divided into three distinct parts. These are the

subcutaneous, supedicial, and deep external sphincters (See Fig. 3).

The subcutaneous part is below and outside the lower end of the internal

sphincter, annular in shape, and is traversed by the longitudinal layer of muscle.

The superficial part is elliptical in shape, lies above the subcutaneous sphincter,

and is attached to the ano-coccygeal ligament. The deep part is fused to the

puborectalis muscle, and annular in shape. lt is recognised that there are

variations around the anal canal, with the muscles being more distinct posteriorly,

and less distinct laterally. ln addition there has been shown to be major

differences between men and woman in the configuration of the muscles,

particularly anterior to the anal cana1.12,13

Goligher divided the sphincter into 2 muscles, the subcutaneous and the deep.8
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Dalley in his excellent reviewl , considers the external sphincter to be one

continuous muscle mass. He concedes that it may be separated into different

parts, but this is no more unusual or significant than for any other muscle. He also

states that it functions as a single muscle unit, making any anatomical separation

into parts an unnecessary exercise.

Oh and Kark divide the external sphincter into a "supedicial compartment" and a

"deep compartment", the former consisting of the paired subcutaneous and

supedicial muscles, and the latter consisting of the paired deep muscle and the

puborectalis.l2

The 3 loop system of Shafik supposes the muscle to consist of a deep, superficial

and subcutaneous loops (See Fig. 4). lt is an elaborate system with each part

having a separate and individual function.

The deep loop is the puborectalis muscle, fused to the deep portion of the

external sphincter. lt loops around the anorectal junction, with contraction exefting

an anterior and upward pull to the anorectal junction. lt is supplied by the

pudendal nerve. The supedicial loop encircles the middle portion of the anal

canal, inserting into the anococcygeal raphe and the coccyx. lt on contraction

exerts a pull posteriorly. lt is supplied by the perineal branch of the 4th sacral

nerve. The subcutaneous loop is inserted into the perianal skin anteriorly. lt on

contraction exerts an anterior pull on the lower anal canal. lt is supplied by the

pudendal nerve.11

The external sphincter although a striated muscle has an inherent tone. ln this

regard it differs from most striated ¡usç¡ss.13,14

Perineal body This lies between the anal canal and the vagina. lt is composed of

fibro-muscular tissue with attachments to the superficial anal sphincter, transverse
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peronei muscles, pubovag¡nalis, and bulbospongiosus muscles. lt is important in

the support of the pelvic floor muscles and organs.2 Damage to the perineal body

or the fascia separating the anorectum from the vagina most commonly occurs at

the time of delivery and is particularly seen with tears and episiotomies. Damage

may range from stretch injury to tears. This may predispose to conditions such as

rectocele and prolapse of the pelvic floor organs.

Ano-coccygeal body This lies between the skin and the interdigitation of the

fibres of the pelvic floor forming the midline ano-coccygeal raphe. lt is fibro-fatty

tissue separating the 2 ischiorectal fossae. The supedicial anal sphincter is

thought to be attached to this posteriorly, with fibres traversing it to attach to the

coccyx.2

lnnervation.

1) Perineal branch of 54. This passes from the pelvis to the perineum through the

pelvic floor between the coccygeus and iliococcygeus muscles, and supplies both

muscles. lt is also distributed to the external anal sphincter and the perianal skin.2

2) Pudendal nerve. (See Fig. 5) From the sacral plexus roots 2, 3, and 4, it is a

direct branch of the nerve roots. The nerve passes below the piriformis muscle, to

leave the pelvis and enter the buttock. lt exits the buttock by culing around the

ischial spine and associated sacro-spinous ligament, to enter the ischio-rectal

fossa, via the lesser sciatic foramen. Here it is accompanied by the internal

pudendal artery and vein. lt gives of the inferior rectal nerue prior to entering the

pudendal ( Alcock's ) canal. This is a fibrous canal along the lateral aspect of the

ischio-rectal fossa on the obturator internus muscle. The canal connects the
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lesser sciatic foramen to the posterior edge of the perineal membrane. The

inferior rectal nerve passes forward and medially into the ischio-rectal fossa. lt

branches and supplies the ipsilateral external anal sphincter, the perianal skin,

and the distal anal canal mucosa from anal verge to pectinate line, There is

functional overlapping to the sphincter, allowing some cross innervation to the

muscle if a nerve is damaged, The nerves are orientated anterolarerally to the

external anal sphincter at 10 and 2 O'Clock and are prone to injury if surgical

dissection is undertaken in this area.S The pudendal nerve has 2 terminal

branches, the dorsal nerue of the penis ( clitoris ) and the perineal nerve. The

dorsal nerve of the penis pierces the posterior edge of the urogenital diaphragm

and runs forward tosupply the deep transversus perinei and sphincter urethrae

muscles. lt continues to supply the corpus cavernosum penis or clitoris, and then

supplies the skin, prepuce and glans of the penis or clitoris. The perineal nerve

splits to deep and superficial branches. The deep branch gives twigs to the

external anal sphincter and anterior aspect of the levator ani muscles at the front

end of the anal canal. lt then enters the superficial perineal space to supply the

bulbospongiosus, ischiocavernosus, supedicial transversus perinei muscles and

bulb of the penis. The superficial branch gives the medial and lateral posterior

scrotal or labial cutaneous nerves.2,15'16

3) Autonomic nerves to the rectum and anal canal are from the inferior

hypogastric plexus on the side wall of the pelvis. The parasympathetic branches (

nervi erigentes ) are from the sacral roots 2, 3, and 4. These cell bodies are in the

intermediolateral cell columns of the sacral segments of the cord. These primary

neurones synapse with second order neurones within the pelvic plexus or in the

anal or rectal wall. The sympathetic supply is from the superior hypogastric plexus

( presacral nerues ) and branches from the sacral sympathetic trunk. The second
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order neurones are in the ganglia, the nerves have direct branches to the pelvic

organs and to the myenteric and submucous plexus in the rectal and anal

walls.2,5

4) lntramural nerves are in the submucous and myenteric plexuses. A multitude of

neuroreceptors are thought to be involved in their transmission. The nerves are

important in the rectoanal inhibitory reflex. The nerve function is influenced by the

the spinal cord and higher connections. The ganglia are are absent in

Hirschsprung's disease.S

Normal mechanisms of continence

Normal continence is dependent on the normal function and interaction of local

reflex mechanisms and voluntary mechanisms.

The rectum is normally empty. This is because of the angle between the rectum

and sigmoid colon, the rectal valves of Houston, and the higher resting tone of the

rectum compared to the sigmoid colon. This is not however always the case as

can been seen in many patients with sigmoidoscopy. A faecal load to the rectum

does not cause a rapid increase in rectal pressures, as the rectum has the

property of accommodation. This is dependent on the rate of delivery of the stool.

With rapid colonic transit e.g. infectious diarrhoea, the reseruoir capacity of the

rectum may be overcome, and even a normal sphincter may not cope, with

incontinence ensuing.l 7

Sensory factors are important for the maintenance of continence and in the

normal process of defecation. Sensory discrimination is at mulltiple levels

including the rectal and anal mucosa, the anal sphincter, rectal and pelvic floor
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muscles. lt has been shown that there was no impairment of continence after the

application of local anaesthetic to the anal canal.18 Th¡s would only anaesthetise

the surface receptors within the mucosa, with perhaps more important deeper

receptors still maintaining normal function. For normal continence there must be

an awareness of rectal filling, giving the urge to defecate. Normally there is an

ability to discriminate between gas, liquid and solid rectal contents, and an ability

to pass gas, yet retain faeces. Both the rectum and the pelvic floor are thought to

contribute to this sensory process.l5 The precise mechanism by which the

anorectum distinguishes the nature of the rectal content is poorly understood. lt is

thought to involve both sensory and motor components.5 One theory in the

mechanism of being able to discriminate between gas, liquid and solid stool is

that the recto-anal inhibitory reflex allows the content of the rectum to be sampled

by the upper anal lining. This reflex involves the relaxation of the internal

sphincter and contraction of the external sphincter ( especially the lower part ), in

response to a distending pressure in the rectum.19 Transient relaxation of the

internal anal sphincter is a normal occurrence. This allows "sampling" while

maintaining continence.20 Patients with incontinence may have more frequent or

abnormal relaxations.2 1

Rectal distension is thought to be recognised in stretch receptors in the levator

ani muscles. After colo-anal or pouch-anal anastomosis, where the rectum has

been removed, there is still f unctional sensation helping to maintain

continence.22,23 Distension causes a cognitive awareness of rectal fullness,

rectal contraction, internal sphincter relaxation, and external sphincter contraction.

These are called the rectoanal inhibitory and contractile reflexes respectively. The

rectoanal inhibitory reflex is thought to be mediated by intramural intrinsic nerve
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pathways. The contractile reflex via a spinal reflex.

The motor response of defecation occurs as a part of colonic and rectal

peristalsis. There is a call to stool. During this process the anal sphincter relaxes (

via the pelvic floor receptors and a spinal reflex ), the anorectal angle is

increased, and the pelvic floor descends. These reflexes are centrally coordinated

by brain-stem centres in the pons and conus medullaris.24 The process of

evacuation is assisted by adopting a squatting position, straining and increasing

the intra-abdominal pressure.l 5

lf it is socially unacceptable or untimely to defecate, then there is voluntary

contraction of the puborectalis and external anal sphincter muscles. The luminal

content is returned to the rectum, the rectum accommodates the faecal load

without an increase in the intra-rectal pressure. This is associated with a

suppression of the urge to defecate, by ill-defined pathways.lT

Theories of continence

There are 3 main theories in the mechanism of continence. Some have stronger

arguments for their place as the most prominent factor in continence, but it is likely

that a combination of factors is involved.

1) The flutter valve. This theory of continence is similar to the principles of gastro-

oesophageal reflux and the gastro-oesophageal junction in the prevention of acid

reflux. An increase in intra-abdominal pressure would occlude the lower rectum,

which is itself at a high pressure, This would prevent the rectal contents from

contacting the anal canal.25 This has been largely discounted as the anorectal

high pressure zone is in the anal canal and the rectal pressure during defecation

approaches zero.26
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2) The flap valve. This was proposed by Sir Alan Parks, and is what he based the

theory of his post-anal repair for incontinence upon. A rest the puborectalis

muscle maintains an acute anorectal angle ( normally 80 degrees ). With a rise in

intra-abdominal pressure the anterior rectal wall is closed over the anal canal,

thereby preventing rectal content from entering the anal canal (See Fig, 6).

lncontinence was thought to be due to an obtuse anorectal angle and associated

with abnormal perineal descent, A postanal repair was designed to increase the

anorectal angle, by posterior plication of the puborectalis and external sphincter

muscle.27

During a voluntary contraction the puborectalis shoftens and the anorectal angle

is made more acute, thereby decreasing even further the likelihood of rectal

content entering the anal canal. During defecation the puborectalis relaxes and

the anorectal junction straightens ( the angle is more obtuse ), allowing the

passage of stool.

Although it is thought that the flap valve has a role in maintaining continence,

there has been doubt cast on its principle role. Bartolo et al, showed that during

combined proctography and EMG studies of the anal sphincter, that there was no

contact between the anterior rectal wall and the anal canal, during a valsalva

manoeuvre.2S Studies have been done on patients who have had a Park's

postanal repair. These have shown that the postoperative result for improvement

in incontinence, is not related to an increase in the anorectal angle.29 The initial

outcomes were thought to be good, with up to 80% achieving excellent

function.2T

The results of other series are variable and often poor with deterioration seen

over time.30'31 ,32,33 The operation has fallen somewhat from grace and it has

not lived up to its original expectations. There is evidence that postanal repair
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leads to the progression of neurogenic damage to the pelvic floor muscles.34 The

good response seen in some patients may be due to lengthening the anal canal

with elevation and tightening the pelvic floor.31,35 The operation however should

not be abandoned as it does offer patients some hope of improvement, as long as

they are aware of the possibility of failure. One study of long term follow-up

supports it's continued use, with two thirds ol 42 patients having a good result.

This was seen even in the presence of a sphincter defect in 19 patients. The

defects were on anal ultrasound and had no bearing on the clinical outcome.36

3) Sphincteric high pressure zone. More recent studies have suggested that

continence is maintained by the anal sphincters. A rest the internal anal sphincter

produces the anal canal high pressure zone which is a barrier to the rectal

contents.37,38,39 The internal anal sphincter is responsible for 85% of the

resting pressure, The evidence for this comes from the high anal pressures

recorded in paraplegics with external sphincter paralysis or in normal subjects

with bilateral pudendal nerve blocks. Other tissues such as the endoanal

cushions, the intrinsic tone of the external sphincter, and the perianal connective

tissues contribute to the resting pressure. The lining of the anal canal is thought to

be important, as the sphincter itself would be unable to shoften enough to close

off the anal canal. This lining acts a plug around which the circular sphincter can

¿ç1.4o,41 Damage to this lining such as in haemorrhoidectomy may be the cause

of symptoms such as seepage.24

The combined action of the external anal sphincter and the puborectalis muscle

accounts for both reflex and voluntary continence. There is a continuous electric

tone in these muscles, a property not seen in many striated muscles. This tone in
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mainta¡ned by a spinal reflex, which can be abolished by interrupting the afferent

limb as in tabes dorsalis, and by interrupting the efferent limb as in peripheral

nerve trauma or tumour.42 The external sphincter tone is reduced during sleep,

and increases when awake.43 There has been shown to be increased activity in

the EMG activity of the external sphincter muscle during a cough, strain, and upon

assuming the erect posture.2T There is evidence that the forces exefted by the

external sphincter are not symmetric along the anal canal. Longitudinally the

pressure is greatest at the distal anal sphincter, and radially differences occur,

such as at the level of the puborectalis, the pressure is greatest posteriorly. The

external sphincter muscle rapidly fatigues with a sustained voluntary contraction.

This at maximum may be up to 3 minutes. The external sphincter's major role is

therefore in the maintenance of continence during times of rapid colonic transit, or

when there is a sharp increase in intraabdominal pressure. The external sphincter

can not be responsible for sustained continence.l T

The contribution of the various sphincters can be surmised from patients who

have had various surgical procedures. After anal dilatation or internal

sphincterotomy there is often none or minimal loss of function.44 There may be

minor seepage or loss of control of gas. The division of the external anal sphincter

with preseruation of the deeper aspect of the sphincter or the puborectalis muscle

again causes little or no loss of function. An injury or division to the complete

external sphincter or the puborectalis muscle causes major incontinence. lt can

therefore be assumed that the puborectalis is the most important muscle for

maintenance of continence.10,42 Whether this contribution is by the flap valve it

produces or is by its contractile propefties in association with the external anal

sphincter remains unclear.
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ln summary the mechanism of continence is a coordinated process involving

sensation, spinal reflexes, local neural reflexes and conscious control from the

cerebral cortex. A bolus of stool is delivered to the rectum. This is recognised and

a spinal reflex neural arc occurs that causes contraction of the external anal

sphincter. An intramural reflex occurs (sampling reflex) which reduces the tone of

the internal anal sphincter and allows discrimination of the rectal contents. For

defecation to occur there is conscious control and relaxation of the anal

sphincters.
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SECTION 2

THE EPIDEMIOLOGY. AETIOLOGY AND ASSESSMENT

OF FAECAL INCONTINENCE

Epidem iology

lncontinence is a common problem of all ages and both sexes. The true

incidence will probably never be known as it will often go unreported by many

individuals.

Urinary incontinence occurs in about 12"/" oÍ women and 7"/" of men over 65

years of age, and in up to 9Y" of younger women.4s Faecal incontinence is

thought to be less common.

Leigh at al, found that of 76 patients referred to a gastroenterological clinic for

the investigation of diarrhoea,3g (51%) were in fact incontinent. Fewerthan half

(19) of these patients volunteered this information. They concluded that as this

was a frequently unvoiced symptom then it should be actively sought for in the

clinical history. 46

Mallett and Bump summarised the prevalence data of 4 studies on faecal

incontinence. Studies were done on retirement and nursing home residents in 2

of these studies, and in 1 study it involved community dwelling individuals. The

reported prevalence of faecal incontinence ranged from 1.4% to 16.9%. The later

figure was of women greater than 85 years of age, residing in the community.4T

A study looking at the prevalence of faecal incontinence in nursing homes was

undeftaken in the United Kingdom, One hundred and twenty three (10.3%) of the
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permanent residents were incontinent on one or more occasions per week. Eighty

two residents were randomly entered into a study in which 52 were treated

according to a protocol of laxatives, enemas or constipating agents. These were

compared to 30 incontinent residents acting as controls and receiving no

treatment. Of the 52 treated patients, 76"/" had been incontinent for over a year

and only 2 (4/") had been referred to their general practitioner. lncontinence was

due to faecal impaction tn 27 (52%) and was thought to be neurogenic in 25

(48%\. Dementia was a common finding (91%). Of those compliant (66%) with the

treatment 87"/o were treated with success compared to a 32"/" improvement in

incontinence in the control group (P<O.OOt¡.48

ln Australia, Fonda found that in nursing homes, faecal incontinence occurred in

14"/o of short-stay groups and 42"/" of long-stay groups. Faecal incontinence

coexisted with urinary incontinence in g5% of cases.49

Nelson et al studied the prevalence of faecal incontinence in 2570 Wisconsin

households. A random phone survey of the 6959 individuals revealed 153 (2.2V.)

to be incontinent. The female sex, age greater than 65 years, poor general health

and physical limitation in the ability to walk, work or do physical exercise were

independent predictors of incontinence.50 This method of sampling a population

is biased in that people without telephones, the poor or those in institutions would

not be sampled and hence may construe the results. Exclusion of the

institutionalised perhaps understates the true incidence of incontinence.

Denis et al studied the prevalence of incontinence in France. Prevalence figures

for various situations were described.

A) 1,100 people interviewed by gallup poll, from the general population, aged

over 45 years.

B) 3,914 patients presenting to their general practitioner or a
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gastroenterologist in 1 week.

C) 500 patients consulting for stress urinary incontinence.

D) 1,136 neurological patients with micturition disorders.

E) 10,157 elderly persons living in retirement homes or hospitals.

The results are shown in table 1. for the 5 different groups. Faecal incontinence

was for solid stool.S1

Table. 1 Results for the different study groups

Group

A

B

c

D

E

Number

1 100

391 4

500

1 136

10157

Faecal incontinence

6%

7.9%

9"/"

18o/"

33o/"

A recent report by Wilson et al found the prevalence of unspecified faecal

incontinence in premenopausal women at 3 months postpartum to be 4.9%. This

study utilised postal questionnaires sent to 2134 women postnataly with a 70.5%

response rate.52

From these studies there is good evidence that faecal incontinence is a major

health issue affecting at least greater lhan 2"/o of the population. lt is more

common in the elderly, the female sex, those in institutions and in patients with

urinary symptoms. Diagnosis and under-reporting are difficult areas in the

management of faecal incontinence. With greater recognition of the problem and
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its causes the possibility of improved care and even prevention are possible.
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Aetiology

Faecal incontinence has many different causes. lt may be due to disorders of the

colon, rectum and anus. lncontinence occurs when there is an imbalance

between the consistency of the stool and normal sphincter function. People,

however with psychiatric disturbance or senility may be incontinent despite

normal stool consistency and normal anal sphincter function. Loose, watery or

mucoid stools may lead to incontinence even with normal sphincter function, such

as in inflammatory bowel disease, irritable bowel disease, infective colitis, faecal

impaction with spurious diarrhoea and tumours. The rectum may be contracted

and scarred reducing its compliance and ability to cope with a faecal load. This

can occur after surgery, such as a low anterior resection for rectal cancer, and in

conditions such as inflammatory bowel disease and radiation proctitis.

Neuropathy either central or peripheral can result in incontinence. Examples

include spinal trauma, or a neuropathy from diabetes or scleroderma. Local

anorectal conditions such as haemorrhoids or rectal prolapse may lead to the

leakage of mucous with resultant soiling.53'54

The anal sphincter mechanism is often disrupted in patients who are faecally

incontinent. This has become more apparent with the recent use of anal

ultrasound, EMG and PNTML in the investigation of faecal incontinence. There

are many different causes for this disruption, and these can be divided into a

defect or injury to the muscles of the anal sphincter, or damage to the nerve

supply to the anal sphincter. Both muscle and nerve injury may occur in the same

patient. The muscles of the anal sphincter that can be disrupted resulting in

incontinence, are the internal anal sphincter and the external anal sphincter

including the puborectalis muscle. The pudendal nerve and the perineal branch

of 54 are the nerves supplying the pelvic floor and anal sphincter, which when
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weakened by direct trauma or a stretching injury, may result in both faecal and/or

urinary incontinence.

A) Anal muscular injury or defect

1) Congenital

Anorectal malformations from imperforate anus to complex anorectal

abnormalities such as anal agenesis.

2) Traumatic

Direct injury to the anal sphincters either as an isolated injury or in the setting of

multiple trauma. Examples include motor vehicle accidents, pelvic fractures,

impalement and astride injuries. Here the cause of the injury is usually obvious,

and the outlook depends on the extent of the injury and the effectiveness of

treatment . Traumatic sphincter damage from anal intercourse is recognised as a

cause of incontinence.55

3) Post-infective

Perianal abscess and fistula. Either the condition itself, but more commonly the

surgical intervention causes an iatrogenic injury.

4) latrogenic

Post-operative complications from surgery such as resection of anal tumours,

haemorrhoidectomy, sphincterotomy for anal fissure, anal stretch, and from

procedures to treat difficult abscesses or fistula where the sphincter muscle is

divided. Per anal procedures, such as the resection of rectal tumours and anal
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mucosectomy ¡n the treatment of ulcerative colitis, where the the anal canal is

dilated to gain access to the operative site, can lead to incontinence from

disruption to the sphincter muscles. Other causes are the results of repair to

congenital anorectal disorders, and excision of lesions such as presacral

tumours.

5) Obstetric

This is the most often cited cause for sphincter disruption. Parks et al

acknowledged this fact in 1977.5 Other authors state that childbirth injury

accounts for up to 60-70 7o of cases of faecal incontinence in women.56,57 Deen

et al repofted on a study of 22 women with faecal incontinence and a history of a

perineal tear or episiotomy that 21 (95%) had a sphincter defect on

endosonography.S6 Sultan et al, 1993, prospectively studied 2O2 women having

children. 28 of 79 (35%) primiparous women had a sphincter defect demonstrated

on endosonography at 6 weeks post delivery. A defect to the internal sphincter

was the most common defect seen. The internal sphincter was involved in 23

(29%) of the women, and the external sphincter in 15 (19%) of the women. A

combined defect was seen in 10 women. Of 48 multiparous women, 19 (a0%) had

a sphincter defect prenatally, and 21 (44%) postnataly. Nine of these 48 women

had anal symptoms before delivery ( 7 Íaecal urgency, 3 incontinent to flatus, 5

incontinent to liquid stool ). Post delivery 11 (23"/") had bowel symptoms. Forceps

delivery was associated with a very high incidence of a sphincter defect. ln 10

patients having a forceps delivery, I had a sphincter defect demonstrated with

anal ultrasound, All 23 patients who had a caesarean section had no new

sphincter defects demonstrated, At 6 weeks 21 of 127 (16.5%) women who

delivered vaginally had either faecal urgency or were faecally incontinent. Only
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32 oÍ the patients with abnormal findings were followed up at 6 months, but a

significant number remained symptomatic. All sphincter defects seen on

ultrasound post delivery were present at 6 months and assumed to be permanent.

Sphincter disruption seemed to be more likely during the first vaginal delivery,

given the comparable number of defects seen in the primiparous group and the

prenatal multiparous group. Few new defects were seen in the multiparous group

postnataly. Very few of the defects were apparent on clinical examination ( 3 only

) in this study. There was a significant correlation ( P = 0.001 ) with a reduced

resting pressure with anal manometry and an internal sphincter defect, and a

reduced "squeeze" pressure and an external sphincter defect, using paired t-

tests,58

lnternal sphincter damage occurred in the absence of a perineal tear, which is to

be expected if the external sphincter is intact. The mechanism of injury is unclear,

but may be due to the shearing forces of the babies head during descent. The

external sphincter damage or combined defect is thought to occur as a direct

extension of a perineal tear or episiotomy, This defect may not involve the whole

length of the anal canal, involving only the proximal or distal muscle only. ln this

study external sphincter defects were only seen in women who had an episiotomy

or who sustained a spontaneous perineal tear. The sphincter defects were

thought to predict clinical dysfunction given the abnormal manometric pressures

associated with them. There however was considerable overlap between the

values on manometry and defects seen on ultrasound and the clinical symptoms.

Only one third of the women with a defect seen on ultrasound had clinical

symptoms.5S

Sphincter defects would seem to be a common finding after vaginal delivery.

Only a proportion of these are symptomatic soon after delivery or in the long term

as 30% or more women in the population are not incontinent. lt may be that in
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time with the effects of further deliveries, aging and the menopause, fufther

reducing muscle tone, that the disrupted sphincter can no longer maintain

continence. lf this is combined with damage to the pudendal nerve then the

woman is even more likely to develop symptoms. Injuries that are symptomatic

soon after birth are likely to be due to a major tear into the anal sphincter which

has gone unrecognised, the primary repair has been inadequate or has broken

down. These tears may be associated with rectovaginal fistulae and require

complex operative procedures to correct,

The effect of multiple vaginal deliveries on the prevalence of flatus and urinary

incontinence was reported by Ryhammer et al. A questionnaire was sent to 304

women who had delivered vaginally all without a tear to the anal sphincters.

Eighty percent (242) responded. After the first, second, and third vaginal

deliveries, 1.2 "/", 1.5 "/", and 8.3 % developed permanent flatus incontinence. The

risk of flatus incontinence was significantly increased after the third delivery

compared with the first and second deliveries (P < 0,001).A similar result was

seen for urinary incontinence.S9 Bek and Laurberg interviewed 121 women who

had an anal sphincter tear after vaginal delivery. lncontinence was experienced in

5Oo/o, which was transient in all but 4 women. A further vaginal delivery occurred

in 56 of these 121 women (6%). There was a significant association (P < 0.005)

with transient anal incontinence suffered from the delivery involving the tear and

the development of transient anal incontinence after the next delivery. These

studies support the proposition that the effect of vaginal delivery on anal function

is cumulative.60

The most obvious cause of faecal incontinence after vaginal delivery is when

there is a direct tear to the anal sphincters. This, by obstetricians, is labelled as

either a third or fourth degree tear, depending on whether a tear to the anal

mucosa is classified as a separate entity. An episiotomy can be extended by a
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tear to involve the anal sphincters. ln a study oÍ 20, 500 women undergoing

childbirth, 1040 (5%) had a tear to the anal sphincter. 101 (0.5%) patients

experienced a complication after primary repair of this tear. This included anal

ulcer, anorectal abscess, sphincteric disruption and rectovaginal fistula.6l Walsh

et al reported on 16,583 vaginal deliveries. Ninety three (0.56%) were

complicated by a third degree tear, which was significantly more common in

primiparous women (P < 0.001), the use of an episiotomy (P < 0.001) orforceps

(P < 0.001)and the delivery of a high birth weight baby (P < 0.001). Of 81 patients

reviewed at a colorectal clinic 3 months post partum, 6 (7'/"\ were incontinent of

faeces and 10 (12%) were incontinent of flatus. They concluded that women

sustaining a third degree tear should have a postnatal assessment by a colorectal

specialist.62 In a further study oÍ 8542 vaginal deliveries there were 63 (O.7%)

women with anal sphincter rupture. When followed up 2 to 7 years later 45% had

symptoms such as incontinence to gas (30%) , dyspareunia (8%) and pain

(6%).63 We have retrospectively reviewed the third degree tears at the Flinders

Medical Centre, South Australia, over the 5 year period from February 1991 to

February 1996 with a mean follow-up of 2.6 years. During this period there were

9515 vaginal deliveries of which 116 (1 .2%)had a third degree tear. 92 (79%) ot

the women sustaining a tear were primiparous compared to 11"/" in the total

group of women. Forceps delivery was more commonly associated with a tear

compared to the total group (50% vs 11"/") and an episiotomy was more

commonly performed (80% vs 25%). 84 (72%) of the women sustaining a tear

were able to be contacted by telephone and consented to completing a

questionnaire. Faecal and urinary incontinence were commonly described (14

and 19 women respectively). We concluded that a third degree tear was

associated with primiparity, episiotomy and forceps delivery. Despite primary
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repair at the time of the delivery a significant number were symptomatic.64

Sultan et al retrospectively str.rdied 50 women who had sustained a third degree

tear with anal endosonography, anal manometry and pudendal nerve terminal

motor latency measurements, During the study period there were 8603 vaginal

deliveries, giving a rate of 0.6% for third degree tear. 34 of these women agreed

to be interviewed. Anal incontinence or faecal urgency was present in 16 $7%) ol

these 34 women. 3 patients had incontinence to liquid stool, the others all being

incontinent to gas only. 29 (85%) had sphincter defects identified with anal

endosonography. PNTML measurements were not significantly different from

controls. They concluded that primary repair of these third degree tears was

inadequate, as most had a residual sphincter defect, and half had persistent anal

incontinence, due to this residual defect. In controversial fashion they stated that

the nature of the sphincter repair needs serious attention, and there may be a

case for preventative obstetric practice. lf a woman is symptomatic or has

evidence of a sphincter defect on anorectal testing after her prior delivery then

they should be offered a Caesarean section in the next pregnancy.65

Sorensen et al compared 25 women with complete perineal rupture to 25

controls, 42o/o of those with a rupture had anal incontinence at 78 months follow-

up. This was mostly stress related and to flatus and loose stool. There was also a

significantly reduced anal "squeeze" pressure with manometry, but no change in

resting pressure.66 ln a similar study of 70 primiparous women, Crawford

compared the symptoms of 35 women who had rupture of the anal sphincter

during vaginal delivery to 35 women in whom the sphincter was intact.

lncontinence to flatus was repofted by 6 (17%) women with rupture compared to 1

(3%) in the control group at 9-12 months postpartum,6T

Donnelly et al repofted on the effect of an instrumental delivery and third degree
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tear on anal sphincter function in primigravidae women, Of 33 women sustaining

a third degree tear, 13 (39%) developed defaecatory symptoms. This compared to

16% oÍ 163 women having a normal vaginal delivery, 26"/" of 15 women having a

ventouse vacuum extraction and 47"/" of 47 women having a forceps delivery,

Especially of note was the observation that of the 33 women sustaining a third

degree tear, 18 (54%) had a persisting anal canal sphincter defect at 6 weeks on

anal ultrasound, despite primary repair at the time of delivery. Anal ultrasound

was only performed in women who had abnormal manometry results.6S Th¡s

presumes that a sphincter defect is associated with abnormal manometry results.

Such a defect may be present with normal anal manometry results and abnormal

manometry results may be seen in the absence of a sphincter defect.

Episiotomy

Episiotomy is a controversial issue in the aetiology of faecal incontinence. lt was

introduced into obstetric practice to reduce the incidence of perineal tears, but its

effect is debatable. Thacker and Banta in their review of the benefits and risks of

episiotomy could find no clear evidence for its efficacy. ln an analysis of the

published literature they found that the rate of third degree tear with episiotomy

ranged from 0 lo 23.9o/o, whereas the rate of third degree tear among women not

having an episiotomy ranged from 0lo 6.4Y". Of note, none of the repofted studies

in this review adequately analysed the relationship of episiotomy to tears. There

was no clear distinction between a midline and mediolateral incision. The rate of

third degree tearing with midline incisions ranged from 0.5 lo 23.9"/o, and for

mediolateral incisions from O to 9,0%.69 Klein et al compared the consequences

for women of receiving versus not receiving a median episiotomy. This was

studied early and at 3 months post partum in 356 primiparous and 341

multiparous women. The study was randomised with women having a policy of

restricted use of episiotomy to specific foetal or maternal indications compared to
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routine or liberal use of episiotomy. Perineal and pelvic floor morbidity (perineal

pain and sexual dysfunction) was greatest amongst those having an episiotomy

compared to an intact perineum or spontaneous tear. Moreover episiotomy was

strongly associated with a third or foufth degree tear involving the anal sphincter.

They concluded that episiotomy should be restricted only to when there is a foetal

or maternal indication.TO The Argentine trial episiotomy group, in a randomised

controlled trial, compared routine to selective episiotomy, where it was limited to

specified maternal or foetal indications. 2606 women participated. 1555 were

nulliparous and 1051 were multiparous. Episiotomy was per{ormed in 30.1"/" of

the selective group and 82.6"/. of the routine group. The main outcome measure

was severe perineal trauma. There was no benefit f rom routine episiotomy (1.2%

selective; 1.5% routine) and the authors stated that routine episiotomy should be

abandoned and rates of episiotomy above 3Oo/" could not be justified.Tl ln a

retrospective non-randomised study, Anthony et al reported on 43,309 singleton

vaginal deliveries. Severe perineal tear occurred in 1.4/" of the total patients and

was statistically more frequent in the women having a mediolateral episiotomy

using multiple logistic regression analysis.T2

B) Neuropathic anal incontinence

1)Congenital

Rare conditions such as sacral agenesis and spina bifida are a cause of

incontinence.

2) Traumatic

Trauma to the spinal cord, cauda equina and to the peripheral nerues supplying
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the anal canal all denervate the anal sphincter and lead to incontinence,

depending on the degree of the injury. Spinal reflexes, if intact, will lead to a tonic

sphincter with "automatic " defecation.

3) Chronic strain and perineal descent

This was first postulated by Parks, Swash and Urich in 1977.12 They

demonstrated in 24 women and one man with faecal incontinence that there was

histological evidence of denervation to the external anal sphincter in muscle

biopsies. These biopsies were compared to the samples taken from 6 control

patients ( 5 at autopsy, 1 during an abdominoperineal resection of the rectum ).

They concluded that idiopathic anorectal incontinence may be the result of

denervation to the muscles of the anorectal sling and of the anal sphincter

mechanism, and this could have resulted from entrapment or stretch injury to the

pudendal or perineal nerves occurring as a consequence of rectal descent during

repeated defecation straining, or with childbirth. There was no comparison to

EMG studies on the nerves or muscles in these patients, making it difficult to

establish that the histological changes seen in the muscles were indeed a result

of a neuropraxia, lt is thought that in obstructed defecation ( anismus ) patients

strain against a closed anal canal, leading to descent of the perineum. lt is this

descent that leads to damage to the pelvic nerves at their relatively fixed point of

exit from the pudendal (Alcock's) canal. Once the pelvic floor is weakened it can

no longer resist an increase in intra-abdominal pressure, resulting in further

perineal descent and a vicious cycle of furlher injury to the pelvic nerves. Kiff and

Swash demonstrated with measurement of the pudendal nerve terminal motor

latency that there was slowing of conduction in 30 patients with idiopathic faecal

incontinen ce.73 Jones et al demonstrated a significant relationship between the

PNTML and the degree of perineal descent during straining (regression analysis r
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= O.5g; P < 0.001), and the plane of the perineum on straining (regression

analysis r = -0.61; P < 0.001) in 60 patients with idiopathic faecal incontinence.T4

Measurement of the pudendal nerve terminal motor latency before and after

straining at defecation has shown, that in patients with abnormal perineal descent

there is a decrease in the velocity of conduction with straining. This was not

shown in patients without perineal descent.T5 lnternal anal sphincter damage

may parallel external anal sphincter neuropathy. This may be due to the

mechanical effect of loss of support from the weakened sphincter or to an

autonomic neuropathy.T6 Abnormal perineal descent can be diagnosed if the

pelvic floor drops by more than 2 cm when the patient is asked to strain.77 Jorge

et al, however were unable to show a relationship between increased perineal

descent and pudendal neuropathy. ln their study of 213 patients, 58 were

incontinent. Perineal descent was seen in 19 of these patients, and pudendal

neuropathy in 24. Only 7 had both perineal descent and a neuropathy.TS

Neurophysiological testing with single f ibre or concentric needle

electromyography can be also used to confirm the diagnosis of pudendal

neuropathy, A positive test will show prolonged motor unit potentials that are

indicative of a denervation and reinnervation injury.79'80

In summary there is good evidence that there is a neuropathic process in the

development of faecal incontinence. The relationship between the histological

evidence of neuropathy in muscle bipsies, EMG and PNTML results however is

absent and there is discordance in whether perineal descent is a causative factor

in pudendal neuropathy.
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4) Obstetric

It has been shown that a traction injury to the pudendal nerves occurs during

childbirth. Snooks et al, in a study of 72 pregnant women, demonstrated an

increased pudendal nerve terminal motor latency (PNTML), labelled as "pudendal

neuropathy", in 42% of women 48-72 hours after a vaginal delivery. There was no

evidence of pudendal nerve damage in those women who had a caesarean

section. Of those restudied at 2 months the pudendal nerve terminal motor latency

had returned to normal in 60% indicating that the neuropraxia was reversible.

Women more likely to suffer a nerve injury were multiparous, had a prolonged

labour or a vaginal delivery with forceps assistance. lt was suggested that the

nerve damage may be cumulative with further vaginal deliveries.Sl The same

group further reported on the study of 122 women post childbirth. The fibre density

( an indicator of pudendal neuropathy using single fibre EMG ) was significantly

increased in the external anal sphincter at 2 months after vaginal delivery

compared to the measurement before delivery (P < 0.01).82 From these initial

studies there were 24 multiparous women who had a normal vaginal delivery.

Fourteen of these were reinvestigated 5 years later. Of these 14 patients, 5 had

developed stress urinary incontinence, and 3 were unable to control their flatus.

Retesting showed that the pudendal neuropathy was more marked in these 5

women, providing evidence for a pudendal neuropathy after vaginal delivery to

persist and worsen with time.B3 Allen et al, studied 96 primiparous women with

concentric needle electromyography (E.M.G.) , pudendal nerve conduction tests,

and assessment of pelvic floor contraction using a perineometer. There was

evidence of pelvic floor reinnervation in 80% of women after vaginal delivery, A

long active second stage of labour and heavier babies were both associated with

the greater EMG evidence of nerue damage.84 Vernava et al in a prospective
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evaluat¡on ol 52 incontinent patients found a pudendal neuropathy in 27 ( 52"/" ).

This affected more women ( 23 ) than men ( 4 ). The neuropathy was bilateral in

17, and in 6 it was associated with a sphincter defect on EMG mapping.35 Sultan

et al, measured the pudendal nerve terminal motor latencies in 128 unselected

pregnant women. Vaginal delivery resulted in a significant prolongation of the

nerve conduction velocity in both primiparous and multiparous women, when

measured 6 to 8 weeks after delivery. Elective caesarean section again seemed

safe as far as the nerve is concerned, but there was a significant increase in the

left sided nerve latency when caesarean section was performed during labour,

Both a longer active second stage of labour and a heavier baby were associated

with significant prolongation of PNTML. Twelve women were restudied at 6

months and 8 of these had normal measurements.86

These studies indicate that the pudendal nerves are vulnerable during vaginal

delivery and perhaps even after an emergency caesarean section. The nerves

anatomically are in a closed fascial tunnel adjacent to the ischial spine upon

which they may be compressed or have traction placed upon them. The nerve

may recover from the initial injury, but with subsequent deliveries or with chronic

straining at stool, the nerves may be further damaged such that incontinence

ensues

In summary there are many causes of faecal incontinence. The most common

are those seen after childbirth. Pregnancy itself is thought to have no affect on the

anal sphincters. This was shown by Sultan et al in a study ol 20 women with

ultrasound and manometry, before and after caesarean sect¡on. No significant

changes were observed in the anal sphincter thickness or morphology with anal

ultrasound and there were no changes in anal resting or squeeze pressures. Any
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changes seen are due to the trauma of the delivery.ST There was however no

description of whether these were elective or emergency caesarean sections and

PNTML measurements were not perlormed. Emergency caesarean section with

descent of the foetal head into the pelvis could potentially cause a stretch injury to

the pudendal nerve which may affect the anal sphincter pressures. Keighley et al

studied the long term affects of childbirth in 906 women. They were interviewed 7-

8 months after delivery. Fifty five women (6.1%) had symptoms of incontinence.

Many had more than one symptom, with 12 having frank incontinence,22 soiling

and 48 urgency. For 37 (67%) this was a new symptom since the birth of the baby.

Less than 20%had sought medical help. Obstetric factors of instrumental delivery,

induced labour, prolonged second stage of labour, episiotomy and tear were all

associated with postparlum faecal incontinence.SS

lncontinence may be obvious when a patient presents with symptoms soon after

birth and there has been a full thickness tear to the perineum, dividing the

sphincter muscles. However the injury may be asymptomatic at the time of

childbirth or pass unrecognised, to present in later life with symptoms. lt is not

known which, or how many, of these women, with an asymptomatic injury to the

sphincter muscle or nerves will go on to be symptomatic in later life, or in fact

remain asymptomatic, ldeally these could be prevented by an alteration of

obstetric practice, if it were known exactly what factors at the time of childbirth

contribute to the development of these injuries. To completely prevent these

injuries all pregnant women would have to have an elective caesarean section

which is impractical. lt may be that if asymptomatic injuries were sought for by

active investigation, that the development of symptoms could be averted by

appropriate early treatment such as physiotherapy and pelvic floor exercises.

Consideration to further vaginal delivery, particularly if this was traumatic, must
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also be given to those with occult and oveft anal sphincter injury
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Assessment of the incontinent patient

Clinical Evaluation

History

The patient should have a full clinical history taken, which includes the past

medical, surgical and obstetric history. A list of the current medications should be

obtained. The patient ought to be asked about the onset, frequency and degree of

the incontinence. A full obstetric history should be taken, in pafticular looking at

events around labour that may be associated with a sphincter injury. Such things

include the use of forceps, episiotomy, length of the second stage, babies weight,

and presentation. Often the patient will remember if forceps were used or if she

needed "stitches". Particular note should be taken of concomitant illnesses such

as diabetes, or a neurological disorder. The nature of the bowel habit, and any

past history of anorectal and colonic trauma or surgery should be ascertained.

Often faecal incontinence is associated with urinary symptoms of stress or urge

incontinence. Direct enquiry will disclose this.

It is important to know the affect that the incontinence is having on the patient.

How are the symptoms interfering with his or her life? The symptoms may affect all

aspects of a persons life. This includes work, sport, social and sexual activities.

The patient may be so severely affected so as to be confined to home for fear of

accidents. The use of sanitary napkins or pads should be inquired for. Often these

patients have had previous investigations and have tried various treatments, such

as the use of faecal bulkeners or constipating agents. All this information is

required to adequately assess the patient.
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Examination.

A general physical examination is performed, but most information will be

obtained from examination of the anus and rectum. The perineum is best

examined in the left lateral position. On inspection of the perineum, there may be

evidence of soiling, scars, dermatitis, excoriation due to continued exposure to

mucous or stool and obvious anorectal pathology. The site of the anus should be

noted in relation to the vagina, as with a prior injury there may be loss of the

anovaginal septum. An anus with a sphincter injury may be patulous and

asymmetric. The patient should be asked to strain or bear down to reveal any

rectal prolapse, haemorrhoids or perineal descent. Sensation of the perianal skin

and the cutaneous anal reflex should be tested. Absence of these may suggest a

nerve injury or a neurological problem.

Digital examination is fundamental. The anal sphincters can be assessed.

Defects to muscles can be palpated as well as the integrity of the puborectalis

muscle. Conditions such as faecal impaction and tumours will be revealed. Most

importantly the examiner will be able to assess the resting tone and squeeze

pressure of the anal canal. This gives a very good indication of the function of the

anal canal. ln fact some authors state that this is highly accurate and obviates the

need for further studies.

Vaginal examination complements the anal examination. Pelvic floor weakness

may be manifest by the presence of conditions such as cystocele, rectocele and

uterine prolapse.

One study involving 237 patients with idiopathic faecal incontinence showed that

an informed clinical history and digital examination was able to predict the

manometric findings of specialist anorectal physiology tests. They were able to

significantly correlate (P<0,05) a low maximal resting pressure on manometry with

symptoms of faecal leakage, gaping of the anus on traction of the anal verge and



41

a low resting tone on digital examination. A low maximal "squeeze" pressure

correlated with faecal incontinence en route to the lavatory, faecal urgency, stress

and urge urine incontinence and a reduced voluntary contraction on digital

examination.S9 Another study, although supporting the need for anorectal

physiology testing to supplement a thorough clinical evaluation, state that the

choice of treatment is made on the clinical grounds alone. The authors used anal

manometry and found this to quantify sphincter weakness better than digital

assessment. Other investigations performed were sphincter EMG studies and

defaecatory proctog raphy. 90

Eckardt and Kanzler investigated whether digital examination of the anal canal

could differentiate reliably between competent and incompetent anal sphincters in

64 patients with disordered defaecation. The clinician performing the digital

examination was blinded to the patient's symptoms and the results of the anal

physiology tests. A poor correlation was found between the manometric findings

of anal pressures and the digital examination. Digital examination to assess

resting tone (competent IAS) had a contingency coefficient of 0,405; sensitivity

63%; specificity 57%. Digital examination to assess squeeze pressure (competent

EAS) had a contingency coefficient of 0.520; sensitivity B4%; specificity 57%.

Digital examination was only reliable in extreme cases where the examiner could

detect no increase in pressure with voluntary contraction. They concluded that an

experienced proctologist was not able to reliably assess anal sphincter function

clinically and that more sophisticated methods were needed.91 This argues for

the use of anal manometry testing in the assessment of the incontinent patient.

Tests such as anal ultrasound and pudendal nerve terminal motor latency

measurement are recommended to detect the aetiology of the patients symptoms

and to allow for appropriately directed treatment.
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Colorectal studies

Proctosigmoidosopy allows inspection of the anus and distal bowel. Conditions

that need exclusion in the patient with incontinence are tumours, fissures, fistulae,

colitis and haemorrhoids. A barium enema or colonoscopy is almost essential to

exclude colonic disorders in an incontinent patient. Faecal testing for blood or

infecting organisms may also be necessary,

Physiological testing

A multitude of tests are available to evaluate the causes of incontinence. Not all

will be necessary in the individual patient, Physiological tests do allow the

definition of etiologies that are unclear, give objective evidence of a sphincter

abnormality, and allow monitoring and followup of treatment to be pedormed. A

combination of tests is the most useful way of assessing an individual patient. ln

patients with clinically suspected neurogenic faecal incontinence there may be an

occult sphincter defect to the anal sphincter and conversely in patients in whom

the incontinence is thought to be traumatic in origin there may be coexisting a

pudendal neuropathy. Both of these instances could have great bearing on

management and outcome of treatment.92

Manometry. The measurement of the pressures and the function of the anus and

rectum give objective information on the integrity of the anal sphincter

mechanism. Manometry will not necessarily define the aetiology of any defect to

that mechanism, but acts as a screening test and an adjunct to the other tests.

Manometry can be performed in many different ways, each with certain

advantages and disadvantages.
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1) Water perfused manometry 93 This method of manometry is simple, easy to

pedorm and cheap. The measurements are done with catheters made from

polyvinyl chloride (PVC). Thesc are noncompliant and reduce artifact due to

catheter deformity. They can be purchased from a manufacturer or are custom

made. The latter hinder the standardisation of methodology between institutions.

There are commonly 3 to 4 chanrrels, but different numbers are used by different

researchers. The catheter may have open ended or side hole measuring orifices.

For side hole catheters, the measurement orifices are arranged at 90 or 120

degrees to one another (4 ancl 3 channel catheters respectively ). The catheter

may have a balloon tip ( filled bv a separate catheter ) enabling measurement of

the rectoanal inhibitory reflex anri by filling it with air, the patient can state at what

volume there is an initial sensation in the rectum ( minimal sensory volume ) and

what is the maximal tolerated volume ( either the balloon is expelled or the patient

can not tolerate any more air lo be inserted into the balloon ). The catheter

diameter is 3 to 4 mm and the rreasurement orifices are placed 5 cm from the

catheter tip or at intervals along the catheter.

The catheters used for the pLrrposes of this study (See Fig. 7, Photo 1) are

custom made from PVC tubing, and consist of 3 channels, each with a ìnternal

diameter of 0.86 mm. The exter-nal diameter of the catheter is 3.04 mm. The

measuring side holes are placecl at 120 degrees to each other and are placed 3,

4, and 5 cm from the tip of the c¡rtheter. Gradations are marked every 5 mm along

the length of the catheter, starting 2 cm f rom the tip and extending for B cm, ie

there are 16 gradations. Vleasurcments are taken at each station in a pull through

method.

The catheter is connected to a ltedusion apparatus.

Water is forced from a reservr¡ir under gas pressure, down fine wire capillary

tubes, to perfuse each catheter irr isolation, lt is important that no air enters any
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part of the capillary or catheter tube as the pressure recordings will be dampened,

and inaccurate results will be obtained. The flow of water is at a constant rate,

sufficient to keep the measurement orifices open, but not so high as to cause

leakage into the rectum or from the anus.

The perfusion apparatus used in this study was an Arndoder pneumo-hydraulic

capillary infusion system ( Medical Specialties; Wisconsin ). Water was forced

from the reservoir by air at 7 PSl.

Recordings are made by strain gauge transducers, connected to the catheter

channels. Recordings can be made on a pen and ink recorder, a dantec recorder

or on computer.

The transducers used were TranspacR disposable transducers ( Abbott Critical

Care Systems ). These were coupled to the recorder, Dantec UD5000/5500

Urodynamic lnvestigation System ( Dantec; Denmark ), which gives a monitor

display and has a built in printer.

Manometry is performed with the patient in the left lateral position. No prior

preparation of the bowel is required. Any preparation could affect the study results

if introduced per anus. The catheter tip is lubricated and inserted into the anal

canal, so that the measuring orifices are into the rectum. The recording apparatus

is zeroed. The catheter is withdrawn slowly either in a continuous fashion using a

withdrawal motor or in increments ( 0.5 to 1 cm ) with measurements taken at

each withdrawal station. The measurement of these stations is by marked

graduations on the catheter tube or withdrawal motor.

Variations exist at different sites within the anal canal. Higher pressures are

recorded in the lower anal canal corresponding to the external anal sphincter

bulk. Radially pressures tend to be lower anteriorly in the upper anal canal where

the deep part of the external sphincter is deficient especially in women.

The maximal resting ( basal ) pressure is recorded. This is highest resting
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pressure of the sphincter and is best measured just before the "squeeze"

pressure. The mean highest value is the average of the pressures of each

catheter lumen, Normal values should be ascertained for each set of apparatus in

each institution. The range used in this study was 54 - 104 cm H2O from previous

normal controls.

At each withdrawal station the patient is asked to "squeeze". ll is best to instruct

the patient on this manoeuvre, during a digital examination, prior to performing

this test. The mean highest "squeeze" is the average of the pressures of each

catheter lumen at the site of each "squeeze" on the chart. Normal values used in

this study are 179 to 357 cm H2O. Chaft recording example see Fig. 8.

The length of the anal canal high pressure zone can be measured. This is

determined by noting the point on the chart at which each measuring orifice

enters the anal canal (the rise in pressure with the normal resting anal pressure )

and leaves the anal canal ( loss of pressure recording to zero ). As the catheter is

withdrawn in defined increments (0.5 to 1 cm) , the length of the anal canal can be

calculated. Anal canal length may reflect a sphincter defect if there is a shortened

anal canal. This is, however, indirect evidence only of a defect, and the anal canal

has a widely varied normal range.

Length (cm) = No. of increments catheter in anal canal multiplied by length of

each withdrawal. Normal 2.5 to 5 cm.

The rectoanal inhibitory reflex can be measured (Fig.9, 10). The reflex occurs

when the rectum is filled, causing the internal anal sphincter to relax. lt is

hypothesised that this transient relaxation of the internal sphincter allows rectal

content to come into contact with the mucosa of the upper anal canal, where it can

be recognised as being gas, liquid or solid. A decision can then be made to allow

gas to escape, to evacuate the rectal content or to defer defecation till a more

appropriate time,94
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The reflex is mediated by the local visceral nerve pathways in the submucosal

and myenteric layers. lt is independent of neural centres higher than the spinal

cord and can be obtained after spinal cord transection.S A catheter with a balloon

tip is positioned with the tip in the rectum and the measuring orifices in the anal

canal. The balloon is rapidly inflated with air. 20 to 30 ml is usually all that is

needed. With inflation there is an initial increase in pressure from the external

anal sphincter, followed by a relaxation of the internal sphincter, this being

reflected in a decrease of the resting anal pressure. Both the internal and the

external sphincter response can be seen if the catheter is positioned such that the

most distal side hole lies below the internal sphincter within the ring of the

subcutaneous external sphincter. This reflex is absent in Hirschsprung's disease

due to absence of the intramural nerve pathways.S

The minimal sensory volume can be measured with a balloon tip catheter. The

patient is instructed to note the volume at which when there is first a sensation of

rectal filling, This is normally less than 60 ml of air.

A balloon can be inserted into the rectum that has a large capacity. Air is

installed in increments and the volume at which the patient can no longer tolerate

any further inflation or the balloon is involuntarily expelled is the maximal

tolerated volume. This gives an indication of rectal capacity.93,94

2) Sleeve catheter. This consists of a catheter tube with a long sleeve or tunnel of

flexible silastic membrane, attached to it, both through which water is perfused

(Fig. 11).95 The sleeve has multiple measurement side holes. The sleeve spans

the length of the anal sphincter and hence pressure measurements are of net

resistance to flow of the perfusate, along the length of the anal canal. A

contraction anywhere along the anal sphincter will be recorded. lt can be used to
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measure both the resting and "squeeze" pressures.5 The sleeve catheters are

expensive to purchase but are able to be sterilised. Diameter is up to 5,2 mm,

Smaller sizes are available for children. Sleeve catheters are ideal for prolonged

ambulatory studies,

3) Small Balloon manometry. These balloons can be of variable size and can be

distended with air or water, Air is compressible and best avoided in the recording

balloons. The standard probe consists of a catheter tube (5 to 7 mm diameter),

with 3 attached balloons. The 2 recording balloons are 3.5 and 5 cm from the tip

of the catheter, although these are placed at different sites on different purchased

catheters. Micro balloons (0.5 to 1 cm) are often used. Balloons by their nature

can induce a contraction in the anal sphincter when distended, Smaller balloons

will lessen this tendency. The balloons are easy to site accurately, do not involve

fluid introduction which may cause measurement aftifact, and are multidirectional,

in that they measure the pressure circumferentially at a given site, rather than at a

point in the circumference as with a side hole catheter.

The probe is inserted into the anus with the lowest balloon (balloon 3, Fig. 12)

just within the anal margin. ln this position pressures can be recorded in the

rectum ( balloon 1 ), upper ( balloon 2 ) and lower ( balloon 3 ) anal canal. The

resting and "squeeze" pressures , and the rectoanal inhibitory reflex can be

recorded. When the rectum is distended for a short period of time to measure the

inhibitory reflex, another reflex is seen in the lower anal canal. This is called the

rectoanal contractile reflex. lt reflects the external anal sphincters contractile

response to a distending pressure in the rectum.

The patient is asked to strain and expel the probe. In this situation both

pressures in the upper and lower anal canal should reduce, to allow passage of

the probe. Contradictory contraction of the anal sphincter muscles may reflect
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obstructed defecation or anismus.93

4) Schuster probe balloon. This consists of a metal cylinder with a large double

balloon attached. The balloons straddle the anal canal when inflated. The

external balloon measures the external sphincter pressure ( superficial part only )

and the internal balloon the internal sphincter pressure. There is considerable

overlap between the 2 sphincters making interpretation of the recordings difficult.

The balloons are large and may alter the contractility of the anal sphincters. Basal

pressures are affected by the presence of the balloons, but accurate recordings

can be taken of changes in pressure, Catheters can be inserted down the metal

cylinder, which is hollow, to distend the rectum or distal colon. Measurements are

taken of the anal sphincter's response to this distension.5,93

5) Microtip pressure transducer. This method was developed to simplify anorectal

manometry.96 The catheters are small causing little stimulation to the anal canal.

They are easy to sterilise and set up. They are however unidirectional, fragile and

expensive. The anal sphincter pressures and the sphincter responses to rectal

balloon distension can be measured. The catheter has at its tip an ultraminiature

semiconductor gauge. The catheters are available in sizes 4F to 8F ( 1-3 mm).

The catheter is connected to a control unit, coupler and a recording apparatus.

The catheter is inserted into the anus, 6 cm above the mucocutaneous junction

and withdrawn in increments of 1 cm. This gives a recording of the resting anal

pressure. A rectal balloon can be inserted at the same time as the pressure

catheter. The presence or absence of the rectoanal inhibitory reflex can be

asceftained. This catheter type eliminates the influence of hydrostatic pressure on

the pressure recordings, seen with balloon filled or water perfused catheter
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systems. Balloon systems do not measure the intra anal pressure but the pressure

within the balloon itself, which is influenced by the balloon type, size, and volume.

Pedused catheters again do not measure the intra anal pressure, but measure the

resistance to the flow of fluid, from the catheter. Perfused catheters also cause

leakage of the perfusate into the rectum and to the anal margin. The patient may

react instinctively to prevent this "incontinence" of fluid and hence alter the

pressure recordings by contracting their external anal sphinç1s¡,S,93

6) Ambulatory anorectal manometry. This is done by positioning microtransducers

into the anal canal and connecting these to a portable memory device. Data is

transferred to a computer for display and analysis. This method of recording is

more physiological than laboratory measurements and can be combined with a

diary of events during the recording period.97 lncontinent events can be

correlated with the pressure recordings at that exact time and without the

influence of the surroundings of a the physiology laboratory and staff.

A study by Engel et al was able to show a correlation between the symptoms of

faecal incontinence and the abnormalities seen with anal manometry. Manometry

was done with a water filled, 4 mm microballoon. One hundred and fifty one

patients ( 129 female; 22 male ) were studied. They were classified as having

passive incontinence ( Pl=66 patients: faecal incontinence without the patients

knowledge ), urge incontinence ( Ul=42 patients: awareness of incontinence, but

against their will with lack of voluntary control ), combined passive and urge

incontinence ( Pl+Ul=38 patients ) and soiling after defaecation only ( 5 patients ).

Patients with Pl alone were significantly older than those with Ul ( Pl vs Ul, 60 vs

42years, P<0,001 )and had a lower resting pressure (Pl vs U1,51 vs 64 means,

P<0.02 ). Anal ultrasound showed a significantly greater number of internal anal
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sphincter defects in those with Pl ( 37 vs 21, P,0.001 ). Patients with Ul alone had

a significantly lower squeeze pressure ( Pl vs Ul,72 vs 42 means, P<0.001 ) and

a significantly greater prevalence of external anal sphincter defects ( Ul vs Pl, 30

vs 26, P<0.001 ). Many patients (62 of the total 108 patients with Ul or Pl alone )

in both groups had combined abnormal resting and squeeze pressures. Only 10

patients ( 8 with Pl and 2 with Ul ) had normal anal manometry. When the patient

data for the anal ultrasound is looked at closely however it is hard to see any

great difference between the 2 groups. An internal anal defect was seen in 37 of

66 patients with Pl ( 56% ) and in 21 of 42 palients with UI ( 50% ). An external

anal defect was seen in 26 of 66 patients with Pl ( 39% ) and 30 of 42 patients

with Ul (71"/. ). ln addition 14 patients with Pl (21% ) had both internal and

external sphincter defects and 20 patients with Ul ( 48% ) also had a combined

defect in the anal sphincter.

This study was able to show a significant difference in the manometric results

between patients with varying symptoms. Passive incontinence symptomatically

would suggest internal anal sphincter dysfunction through lack of resting anal

tone and urge incontinence would suggest external anal sphincter dysfunction

through the inability to voluntarily close the anal canal. The results in an individual

patient however would not enable a clinician to define the defect with manometry

alone as there is great cross over between the two groups, with both groups

having patients with reduced resting and squeeze pressures. Neither is a defect

on anal ultrasound specific to either form of incontinence, The authors correctly

conclude that there is a lack of specificity for any one test to define the nature or

cause of the incontinence. A combination of investigations is required.9S

Perineometry. This is the measurement of the descent of the pelvic floor at rest

and during straining. A simple device for this measurement was developed at St.
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Mark's Hospital. The site of the perineum relative to the plane of the ischial

tuberosities is determined.TT lts use is debatable in the investigation of faecal

incontinence.TS lt is not a direct measure of the cause of incontinence, and hence

has little value in the management of the incontinent patient.

Defecating proctography. This is the radiological observation of defecation. lt can

be done using fluoroscopy ( video recorded ) or with a digital subtraction

apparatus. lt is an examination that in some patients is difficult or impossible for

embarrassment. lts principle use is in the investigation of obstructed defecation,

rectocele and rectal prolapse. A barium sulphate paste ( 200-300 ml ) of soft

consistency is inserted into the rectum. The patient sits on a radiolucent commode

and X-ray films are taken at rest , straining and during defecation. The anorectal

angle is measured. Assessment of the perineal descent, relaxation of the pelvic

floor, puborectalis and anal sphincter during defecation is determined.93

Balloon proctogram. This is a means of measuring the anorectal angle. A flexible

balloon filled with radiopaque dye is inserted into the anal canal and rectum.

Lateral X-rays will display the anorectal angle. A similar way to do the

measurement is with radioisotopes.93

Balloon sphincterogram. ln this test a balloon ( Lahr Balloon ) again is inserted

into the anal canal and rectum. The balloon is connected to a bag of contrast dye,

Pressure of dye within the balloon is controlled by adjusting the height of the bag

above the anal canal. Under fluoroscopy, the pressure in the anal canal is raised

to open the anal canal. The pressure needed to open the anal canal can be

determined both at rest and during a voluntary contraction. In addition the
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anorectal angle, anal canal contour and length can be determined. Fluoroscopic

images of the puborectalis contraction can be obtained. The patient is asked to

expel the balloon at the conclusion of the study. X-rays taken during expulsion

allow assessment of the normal straightening of the anorectal angle ( may be

absent in obstructed defecation ) and perineal descen1.93,99

Rectal balloon compliance. This is a measure of rectal distensibility. Compliance

is defined as the change in rectal volume per unit change of rectal pressure. A low

compliance balloon is insefted into the rectum and inflated serially with increasing

amounts of water. The pressure is measured after each added fluid inflation. A

pressure-volume curve is generated, the slope of which is the rectal compliance.

A reduced rectal compliance is seen in disorders associated with incontinence

such as inflammatory bowel disease, radiation proctitis and after rectal surgery.

Values are also obtained for the first rectal sensation and maximal tolerated

volume. The main problem with this technique is that the rectum is not a closed

tube ( such as the urinary bladder ) and hence pressures are affected by the open

end into the colon. The balloon may also elongate into the colon allowing easy

filling with low pressures even in the presence of a scarred, noncompliant rectum

( false high reading ). The resting size of the rectum also influences the results. A

normal rectum that is naturally small will engage the balloon early and hence the

measurements recorded may be falsely low. A scarred rectum that is capacious

will not engage the balloon until large volumes have been installed, This will give

a falsely high measurement. The compliance of the rectum is also influenced by

the tissues surrounding the rectum and by the muscular tone of the rectal wall.2

Normal rectal muscle has the property of receptive relaxation, When the rectum

is slowly filled with fluid or a bag filled with fluid or air, there is little increase in

intraluminal pressure, until the volume approaches the maximum tolerated
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volume. lf the rectum is filled at too fast a rate, a rectal contraction will result, well

before the maximum tolerated volume, giving a false resufi.15

Anorectal manovolumetry is a novel approach to measuring rectal compliance.

This uses a thin-walled, high-compliance, polyethylene bag with a maximum

volume of 500 ml. Manometry is pedormed via a cuffed 10 mm endotracheal tube.

The cuff being filled with 2.5 ml of water at body temperature. This method was

used to investigate 48 patients with faecal incontinence. Patients with known

rectal wall disease were excluded. Results were compared to 25 control patients.

The resting and squeeze pressures were significantly ( P<0.0001) lower in

patients compared to controls. No significant difference was seen between

patients and controls with respect to rectal compliance. In addition no difference

was seen between patients and controls in the pressures required to reach the

thresholds of fullness, urgency or pain on rectal distension. The authors

concluded that in incontinent patients the principle problem is in the anal

sphincter mechanism and not in rectal compliance, and that any reduction in

rectal compliance is likely to be a secondary phenomenon, perhaps due to

shrinkage from the absence of rectal distension in incontinent patien1s.100

Saline continence test. This involves the infusion of warm (37 degree ) saline into

the rectum and measuring the ability of patients to tolerate a ceftain volume. The

usual rate of infusion is 60 ml per minute. Sudden increases in the instillation of

fluid will cause tonic contraction of the rectum and reduce the accuracy of the test.

Continent patients are able to retain over a litre without leakage. lncontinent

patients will be able to tolerate less till the first leak and less overall. There is no

separation between groups of patients with different degrees of incontinence nor

is the test able to determine the aetiology of the incontinence. lt is of limited
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value.93

Transit time. A technique used to evaluate disorders of colonic motility. In patients

with incontinence abnormal colonic transit is usually associated with diarrhoea.

These patients should in addition have studies performed to exclude

malabsorption and infection. After the ingestion of single or multiple radiopaque

markers at a specific time x-rays are taken serially to follow the progress of the

markers through the bowel. The transit time can be calculated using a simple

formula.93

Transit time can also be measured with radioisotopes. This method allows better

evaluation of transit through different colonic segments.101

Electromyography ( EMG ) This is the neurological investigation of anal disorders.

For a given muscle there are motor units, which consist of the spinal anterior horn

cell, its axon and terminal branches, and the muscle fibres supplied by it. The

individual muscle fibres, from a motor unit, summate to form a motor unit action

potential ( MUP ). Each motor unit potential has a characteristic amplitude,

duration, and shape.15 The amplitude depends on the number of muscle fibres

discharging synchronously. The greater the number of fibres discharging the

greater the amplitude. Amplitude also varies with the distance of the recording

electrode from the motor unit. The duration of the MUP depends on the arrival

times of the action potentials from individual fibres to the recording electrode. This

depends on the spatial arrangement of the end plates within range of the tip of the

recording electrode. Also contributing is that the terminal branches of the motor

nerve have differing conduction velocities and that the muscle fibres are of

differing diameter, giving different propagation velocities along each fibre. The
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shape of the MUP depends on the synchronisation of the arrival of the action

potentials to the individual muscle fibres.The recording of the MUP by an

electrode is an algebraic summation of the single fibre action potentials. Normally

these are biphasic or triphasic. Polyphasic potentials are seen in myopathic

disorders ( short duration polyphasic ) and where there is regeneration of

denervated muscle. This is due to slowed conduction along immature muscle

fibres or immature nerve sprouts. Thus the shape and duration of the MUP can be

diagnostic of a nerve injury with reinnervation.93

Examinations are performed in the left lateral position. The patient is connected

to a ground electrode. The various methods record the electrical activity in the

external anal sphincter muscle fibres at rest, during defecation attempts, during a

maximal voluntary contraction and with a cough. There is a continuous low

frequency activity of the sphincter at rest and during sleep. Decreased activity is

seen with attempts to defecate.S Increased activity is seen with a cough and rectal

distension. A "squeeze" causes the summation of the individual motor unit action

potentials.

ln "idiopathic" faecal incontinence of neurogenic origin, EMG activity is

decreased and areas of sphincter muscle may be electrically silent. Potentials

tend to have a larger amplitude, last longer than normal, and are often

multiphasic. ln the process of reinnervation fibre density will increase because

there are more fibres within the uptake area of the electrode innervated by an

individual axon or its branches.

The external anal sphincter can be mapped to determine the site of a sphincter

defect, after traumatic or obstetric injury. A needle electrode can be inserted into

the muscle in its 4 quadrants, or at multiple points, and measurements taken. At

the site of a defect there will be reduced or no electrical activity. Mapping is a very

useful technique when assessing congenital anorectal abnormalities. This is
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especially so prior to surgical repair, to determine the site of the external sphincter

muscle.89 The EMG activity of the smooth muscle of the internal sphincter can

also be recorded using fine hooked wire s¡gç1¡s¿ss.102

1) Surface, ring and plug electrodes. These record the summated action

potentials of the external sphincter muscle. They are all useful in conjunction with

biofeedback training, for incontinence or obstructed defecation.94 They are less

sensitive and less accurate than conventional electrodes, and are disadvantaged

by having the activity of the surrounding muscles interposed on that of the

external sphincter.

2) Single fibre. Thin needle electrodes ( 25-30 um in diameter ) made from

stainless steel. The muscle action potential from a single muscle fibre in a motor

unit is recorded. The fibre density is calculated as the mean number of action

potential spikes recorded, at each recording site, When there has been a

denervation-renervation injury to the nerve the fibre density increases and the

action potentials become larger and broader.34

3) Concentric needle. This electrode is 0.1 mm in diameter. lt is inserted without

anaesthetic into the external anal sphincter, such that its tip lies about 5 cm deep

to the skin. Here it is assumed to lie in the puborectalis muscle. Having identified

the potential on the recording apparatus, it can be recorded on recording paper.

Recordings aretaken lrom4 sites around the anal canal, in the external sphincter

and puborectalis muscle. Multiple MUPs are recorded at these sites ( at least 20 ),

with a slight shift of the needle each time, to record different MUP. The shape,

duration and amplitude of the MUPs are determined.93
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The main problem with needle EMG studies is that they are very unpleasant to

have inserted. When mapping the anal sphincter it is particularly painful to have

the perineum repeatedly pricked by a needle. The position of the needle is

indefinite making the exact location of sphincter defects unsure. Needle EMGs

have largely been superseded by ultrasound in the investigation of sphincter

defects, lt still has a role in the investigation of pelvic floor neuropathy and

denervation injuries.

4) Pudendal nerve terminal motor latency ( PNTML ). This assesses the function

in the distal parts of the innervation of the external anal sphincter muscle. This is

the portion of the nerve thought to be most at risk from injury in childbirth and in

the pelvic floor descent syndrome. The pudendal electrode ( 13L40, St. Mark's

Pudendal Electrode, Dantec Medical Inc., Santa Clara, CA ) is a thin electrode

strip that is taped to the gloved, index finger of the examiner. The anode is at the

tip, the stimulating electrode ( cathode ) is 1 cm distally and the recording

electrodes mounted side by side are a further 3.5 cm distal to the cathode ie at the

base of the examining finger (Photo 2). The electrical current ( 4-10 mA ) is 0.1

msec. in duration.

With a rectal examination the cathode can be placed directly over the pudendal

nerve at the ischial spine. Both left and right nerues are tested. The latency of the

evoked muscle action response in the external sphincter is recorded. This

response is also clearly felt by the examiner as a muscle contraction. The

response is recorded on an EMG recorder or computer (Fig. 13).94

Normal values of the pudendal nerve latency are less than 2.4 ms.

This is a measurement of the fastest response in the pudendal nerve-external

sphincter mechanism. A normal latency may occur in the presence of nerve
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damage, especially if it is the slow conducting fibres that are affected. A normal

latency only indicates that the fastest conducting fibres are normal. lt is not known

how much damage is needed to occur in the nerve for the latency to be increased.

PNTML can not be used as a measure of normality or abnormality of the muscles

innervated by the nerve. EMG and pafticularly single fibre EMG is required to

reveal evidence of partial reinnervation, a feature of axonal damage, that is

relevant to the histological findings of denervation and reinnervation in the anal

sphincte¡,74

Prolonged PNTML values are seen in patients with idiopathic faecal

incontinence, rectal prolapse, and in certain neurological conditions. Kiff and

Swash found the PNTML to be significantly prolonged in incontinent patients

when compared to controls.T3 The prevalence of an increased PNTML in patients

with faecal incontinence was 37o/" and 66% in 2 recent studies. There was

however no correlation of an increased PNTML with a reduction in the SP as

would be expected if the measured increase in nerve latency affected the function

of the external anal sphincter. The relevance of such measurements hence must

be dispute¿,103'104

Rieger et al, used PNTML in the study of 93 patients with disordered defaecation.

67 had results available bilaterally for which 23 patients presented with

constipation (mean PNTML 2.54 ffis, range 1.95-3.33 ms; mean squeeze

pressure; SP 160 cm H2O, range 58-312 cm HZO) and 44 presented with

incontinence (mean PNTML 2.65 ms, range 1.70-4.53 ms; mean SP 137 cm H2O,

range 31-355 cm H2O). A significant negative correlation was found between

mean PNTML and SP for all 67 patients ( r = -0.27i P = 0.028) and for the

incontinent patients ( r = -0.32, P = 0.036). No significant correlation was seen in

patients with constipation. A coexisting external sphincter defect (ESD) was
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common, being found in 57'/" of the 42 palients studied with anal ultrasound.

Patients with an ESD tended to have a lower SP (139 cm H2O vs 149 cm H2O; P

= 0.528) and an increased PNTML (2.70 msvs 2,51 ms; P = 0.173) comparedto

those without an ESD but this was not significant. ln those without an ESD a

significant negative correlation was found between mean PNTML and SP ( r = -

0.50; P = 0.026). No correlation was found in patients with an ESD. Age did not

significantly affect the PNTML or SP results, but was associated with a reduced

RP (r = -0.34; P=0,005). The PNTML result was able to be significantly correlated

with SP in patients with disordered defaecation and incontinence and was

influenced by the presence or absence of an ESD. The authors however

concluded that given the wide range of SP values recorded for individual patients

the result of PNTML could not predict the SP result. In the assessment of

disordered defaecation PNTML was therefore only recommended as an adjunct

to other tests of anorectal function such as anal ultrassu¡6.105

Snooks et al, found lhal 20"/" of women after normal vaginal delivery had

evidence of pudendal nerve damage. At later testing 15% had recovered.Sl

Sultan et al, measured the PNTML in pregnant patients before delivery and 6 to I
weeks after delivery. There was a significant prolongation of the mean PNTML in

both primiparous (57) and multiparous (32) women, after vaginal delivery. There

was no alteration of the measurements after caesarean section (7). Of the 12

women with prolonged PNTML restudied at 6 months, I had normal

measurements. lnjury was more likely to occur if it was the woman's first baby,

there was a prolonged second stage of labour, and with big babies.86 There was

no correlation between a prolonged PNTML, abnormal perineal descent and

symptoms of anal incontinence. Given that the nerve in many cases appears to

recover from the initial injury, incontinence due to pelvic floor denervation must be
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due to a repeated injury, or to the slow progression of the neuropathy from a

compounding cause such as abnormal perineal descent.

5) Transcutaneous spinal stimulation. This tests the integrity of the cauda equina

component in the motor supply of the pelvic floor. Stimulation is applied at the L1

or L4 level and evokes a muscle response in the external anal sphincter. A

latency time can be determined for each and when subtracted from each other a

time is determined for the cauda equina conduction velocity. An abnormality in

this region that results in anorectal dysfunction may be from uncommon forms of

trauma or conditions such as multiple sclerosis.g3,97

6) Sensory studies. Anal sensitivity can be measured by inserting a catheter

mounted with electrodes into the anal canal. An electrical stimulus is applied at

the low, mid, and upper anal canal ( 5 pulses per second increasing in strength

from 1 to 25 mA ). The threshold sensation is measured. Similar recordings can

be done with temperature changes. How important anal sensation is to anal

incontinence is unknown. lt most likely has a role in the discrimination of rectal

content.l9 Patients with elevated sensory thresholds may have neurogenic

damage causing impaired sensation, Other causes are displacement of the anal

mucosa, as in prolapsed haemorrhoids or surgical excision of the anal mucosa.93

Mucosal electrosensitivity was used to assess the effect of childbirth on the anal

canal sensation. One hundred and twenty two primiparous women were tested in

the immediate postnatal period and 74 of these at 6 months postpaftum, Women

having a vaginal or forceps delivery had significantly reduced mucosal

electrosensitivity when compared to controls and those having a caesarean

section in the immediate postnatal period. At 6 months there was no difference
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between any form of delivery. At 6 months 2 women were incontinent to solid stool

( both had third degree tears ) and 13 were incontinent to flatus (5 with tears ),

Foufteen patients had a tear involving the anal sphincter and all were followed-

up. Sensation was impaired in the upper, mid and lower anal canal in the

immediate postpartum period and persisted at 6 months in the upper anal canal in

all of this group.106 ¡¡p¿ired sensation may be the result of mucosal prolapse or

pudendal neuropathy after delivery. Persistent symptoms may be due to a

continued sensory impairment with or without the combination of a weakness to

the anal sphincter mechanism.

Evoked potentials can be measured centrally with EEG electrodes over the

cortex and spinal cord. A stimulus to a peripheral nerve, such as the pudendal

nerve, produces afferent sensory impulses that travel via the spinal cord to the

contralateral cerebral cortex. The conduction time between wave forms recorded

at the spinal cord and at the cerebral coftex can be directly measured. This allows

definition of the central nervous system and its role in patients with faecal

incontinence.93

Ultrasound. The technique of anal endosonography was developed at St. Mark's

Hospital, London, in 1989.107 ¡¡ed¡fication of an endorectal probe altowed the

visualisation of the anal sphincters. Anal ultrasound requires an ultrasound

scanner and specific probe. The scanner commonly used is produced by Bruel

and Kjaer (Naerum, Denmark ) , type 1850 or 3535. The probe is specifically

designed to view the anal sphincters. The type 1850 is commonly used. This

consists of rotatory transducer (5.5 or 7 MHz), that is housed in a hard plastic

cone. The diameter of the assembled apparatus is 1.7 cm. A 7 MHz transducer

gives a focal length of 2-4.5 cm and is rotated at 1.9-2.8 cycles per second. The
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ultrasound beam is directed at right angles to the transducer and on rotation gives

a 360 degree image of the tissues in a plane at right angles to the transducer. The

whole assembly is easily tolerated by the patient, To obtain accurate images, the

cone is filled with water to eliminate all gas bubbles, and acoustic contact is

maintained by the use of ultrasound gel, A condom may be used to cover the

cone, but is unnecessary if the cone is resterilised between examinations.

Gluteraldehyde is the best form of sterilisation.

A Bruel and Kjaer type 1846 scanner used in this study with a 1850 probe

(Photo 3). Examples of normal ultrasounds are shown in photos 4, 5 and 6.

The patient is examined in the left lateral position. The probe is inserted into the

anal canal after a digital examination, and images obtained along the length of

the anal canal. Pictures can be obtained of still images and the whole

examination can be recorded on video. The morphology of both the internal and

external sphincters can be seen and described in relation to the quadrant

involved, orthe hour on a clock, ( The anterior position being 12 o'clock and the

posterior position being 6 o'clock ) The internal sphincter is seen as a well

defined hypoechogenic ring deep to hyperechoic mucosa and subepithelial

tissues. The external sphincter is seen as a ring of mixed echogenicity deep to the

internal sphincter. This is in continuity with the puborectalis muscle sling

superiorly. The anal canal can be divided into thirds. The upper, proximal third

relating to the puborectalis muscle and deep part of the external sphincter. The

middle third corresponds to the supedicial external sphincter. The lower, distal

third lies below the internal sphincter and corresponds to the subcutaneous

sphincter.l 07,1 08

Ultrasound helps to discriminate between "neurogenic" incontinence and

incontinence due to sphincter defects. lt directly measures the structural integrity

of both sphincters. lt is easy to perform, safe and causes little discomfort to the
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patient.

Sultan et al compared the endosonographic anatomy of the anal canal

sphincters by in vivo and in vitro correlation with anatomical dissection. Findings

were comparab¡s.109 The normal anatomy has been described in a study of g3

nulliparous women and 21 healthy males. The puborectalis is seen as a

hyperechoic diverging "U" shaped sling passing posteriorly around the upper

anal canal. This is intimately associated with the deep external anal sphincter

posteriorly. The deep part of the external anal sphincter is described as being not

complete anteriorly until lower down the anal canal, due to the oblique direction of

its fibres. This is especially seen in females. The external sphincter is not a

complete envelope until almost mid-can¿¡.110

Eckardt et al were reliably able to identify the internal and external anal

sphincters in 30 healthy volunteers and 26 patients with idiopathic faecal

incontinence, The structures identified were able to be confirmed in 6 cadaver

dissections.l l l

Defects seen in obstetric trauma are well described. They involve the anterior

external anal sphincter, and may extend into the internal sphincter.108 The defect

may not involve the full length of the anal canal, with the defect confined to the

deeper aspect (proximal) of the sphincter muscle. Deen et al demonstrated with

anal ultrasound, that 58% of defects in 31 patients were at the level of the mid

anal canal. ln other patients chiefly the subcutaneous sphincter was affected.56

Other authors also describe proximat anal sphincter defects.58,112,113

EMG mapping was the prior "gold standard" to define sphincter defects. lt is

however difficult to perform and painful. lt does not define defects to the internal

anal sphincter. Defects that involve the external sphincter, but are only to the
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deeper portion, with preservation of the subcutaneous or super{icial sphincter,

may be missed. Shafer et al, showed 100% specificity and g4o/o sensitívity in 15

cases of external sphincter defects when comparing EMG to anal u¡1¡¿ssu¡6.1 14

Other studies have shown good correlation between results of anal ultrasound

and EMG mapping.112,115-119 Oliveira et al found that ultrasound was more

sensitive than EMG in detecting sphincter defects. Eighty patients with faecal

incontinence were investigated with anal manometry, ultrasound and EMG. Fifty

one had a sphincter defect. The sensitivity of ultrasound was 98% and EMG 88%

on patients having reconstructive surgery.l 19 Bias may exist in that the patient

investigation results may have influenced the decision to operate.

Anal ultrasound has been compared to the findings at operation. Sultan et al,

evaluated 12 patients with anal ultrasound. Defects were seen in 9, and 3 were

normal. These defects were confirmed at operation in all cases. The defect was

excised and histologically scar was seen appropriate for an old muscle tear. ln

these patients, it is interesting to note, that the accuracy of a clinical examination

was 50% in detecting these defects. ln addition manometry was norm al in 25o/" ot

these patients.120 4¡e1her study of 6 patients confirmed the finding of anal

ultrasound at operation.1 1 8

One abstract raises concern in reporting anal ultrasound falsely diagnosing an

external sphincter injury in 15% of patients. Sentovich et al, as part of their study,

performed anal ultrasound in 20 asymptomatic nulliparous women and found an

external sphincter defect in 3 women and an internal sphincter defect in 1

woman .121 ¡6¿se may explain the occasional case of faecal incontinence in

nulliparous women or more likely represent a normal study for these women,

Ultrasound appears to be more accurate than clinical examination or manometry
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in detecting defects in the external anal sphincter. Law et al studied 11 patients

with "neurogenic " faecal incontinence. These patients were thought to clinically

have an intact sphincter. Four defects were found on ultrasound.ll6 Nielsen

showed in 2 studies the inaccuracy of a clinical examination. Of 19 patients with

"idiopathic" incontÍnence,7 defects were seen with ultrasound, and in 6 patients

with incontinence secondary to an obstetric tear, with ultrasound defined defects,

2 had normal examinations.112,122 Falk et al, studied 28 parous patients with

faecal incontinence using anal ultrasound. Twenty five percent of patients with a

normal clinical examination had a significant muscular injury that required a

sphincteroplasty. The results of their surgery was not ¿¡.çusss6.123

Manometry has been compared to anal ultrasound in many studies. There are

differing conclusions about being able to correlate the two methods of

investigation. Nielsen et al, in a study of 48 patients with incontinence, nound 2Z

external sphincter defects with anal ultrasound. There was no correlation between

these defects seen on ultrasound and the results of anal manometry.112 Burnett

et al, studied 49 incontinent patients with anal ultrasound and manometry. An

external sphincter defect was found in 45 patients, but only 19 (42%) had a

maximal squeeze pressure below the normal limits. Thirty four patients had an

internal anal sphincter defect. Only 11 (32"/") had a resting pressure below the

lower limit of normal.124 ¡¿sn et al, however were able to correlate the findings

of manometry and anal ultrasound. They compared 46 patients with incontinence

and 16 age matched controls. Forty (87%) patients had a defect demonstrated on

ultrasound. Anal manometry revealed significantly lower resting and squeeze

pressures in patients compared to controls. Although able to indicate a sphincter

defect, manometry could not identify the site of the defect.56 Falk et al, were able
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also to significantly correlate manometric findings with anal sphincter defects

seen with anal ultrasound, in a study oÍ 28 parous female patients with

incontinen ce.123

"Dynamic" ultrasound with the examination performed during contraction of the

anal sphincters has been shown to be an useful adjunct. This manoeuvre allowed

greater accuracy in the definition of the normal anal sphincter and better definition

of sphincter defects in incontinent patients. ln some cases of a sphincter defect

the ends of the sphincter were noted to "widen" allowing greater accuracy in the

diagnosis,125

Vaginal ultrasound of the anal sphincters has also been described. This has

been shown to accurately assess the anterior external and internal anal sphincter,

and compared favourably to anal ultrasound in a small study of 1O patients.126 ¡¡

the assessment of gynaecological disorders, Sandridge and Thorpe studied 70

women with vaginal endosonography. No woman complained of disordered

anorectal function. Defects to the IAS were seen in 25 (36%) women and to the

EAS in 19 (29"/") women. In 5 of the 70 women unsatisfactory images were seen

of the EAS.127 1¡sse defects were occult and their relationship to anorectal

dysfunction in the long term is yet to be determined. Vaginal ultrasound does not

image the full circumference of the anal sphincter, and hence it has a limited role

in the assessment of the incontinent patient. However the investigation is

available in most gynaecology departments and could be readily applied to

obstetric patients where most sphincter defects are anterior and accessible.

CAT Scan This has no role in the investigation of the incontinent patient. lt does

not allow enough resolution of the anal sphincters to define structural defects in

the sphincters,
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MRI Scan This method of investigation has recently been assessed as a means of

evaluating the anal sphincters. lt is highly specialised, time consuming and

expensive. MRI scan does define the anatomy of the anal sphincters with great

accuracy. Schafer et al, however, concluded that ultrasound was superior to MRI

scan for the evaluation of anal canal anatomy and morphology, and in detecting

sphincter defects.128 ¡¡e¡son et al, found that the MRI differentiation of the anal

soft tissues is superior to that of ultrasound or CT scan. Another advantage of MRI

scan was that it gave good images of the complex perianal and pelvic

structures.l29 gs¡¡g a dedicated anal coil, deSouza el al, obtained accurate

images of anal canal pathology in 14 patients with a variety of complaints. Two

patients with obstetric trauma, had external sphincter defects identified prior to

surgery. They concluded that MRI scans have considerable diagnostic

Potential.130

ln summary it is now possible to accurately and easily measure sphincter

anatomy with anal ultrasound and assess the pudendal nerve with PNTML. Anal

manometry is able to quantitate accurately the function of the anal sphincter and

allows assessment of alteration in the pressures over time and after events such

as childbirth. Therefore the combination of these three tests has been used in this

thesis,

Apart from the study of Sultan et a158, no complete evaluation of the effects of

childbirth on the anal sphincter have been done. Sultan's study importantly

lacked assessment of the women who had both normal nerves and pNTML,

which has been done in this thesis.
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Fig. 11. Schematic diagram of sleeve catheter.
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Photo 1. The custom made anal manometry catheter used in this study.

This is a magnified photograph . Each step between the graduations

represents 5 millimetres.

Photo 2. St. Mark's Pudendal electrode to measure the PNTML.

The stimulating electrode is represented by the small black arrow near the

tip. The recording electrodes at the T-intersection are represented by the

large black arrow.
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Photo 3. Anal ultrasound probe, type 1850, showing the plastic cone at the

tip with the enclosed rotating transducer. This is the actual size. The cone is

1.7 cm in diameter and 4,7 cm long.

Photo 4. Photo of a normal anal ultrasound taken at the level of the

puborectalis muscle. The pubic bone and the vagina are orientated to the

top of the photo and the coccyx to the bottom of the photo.

The bright central ring represents the plastic cone of the ultrasound probe

which encloses the transducer (see small black arrows).

The white hyperechoic ring external to the ring of the plastic cone represents

the mucosa and submucosa of the anal canal (see small white arrows).

The black hypoechoic ring (large black arrows) represents the internal anal

sphincter.

The puborectalis muscle is the broad white hyperechoic band sweeping to

the left and the right anterolaterally to the canal canal (large white arrows).

The graduations at the bottom of the photograph represent 1.5 cm.
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Photo 5, Normal anal ultrasound of the mid anal canal.

At this level the external anal sphincter is represented by the broad

complete white hyperechoic ring (large white arrows) encircling the black

hypoechoic ring of the internal anal sphincter (large black arrows).

There is a transition from the level of the puborectalis to that of the external

anal sphincter where the external anal sphincter is incomplete anteriorly.

Here it is important not to ascribe this normal finding to that of an external

anal sphincter defect.

Photo 6. Normal anal ultrasound of the lower anal canal.

This is below the level of the internal anal sphincter and hence there is no

black ring representing this muscle.

The bright central ring represents the plastic cone of the ultrasound probe

which encloses the transducer (see small black arrows).

The broad white hyperechoic ring (see large black arrows) outside this

represents the external anal sphincter.
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CHAPTER 2

AIMS and METHODS

SECTION 1

1)To determine the incidence of injury to the anal sphincters after delivery of a

baby, in a group of primiparous women, using anal ultrasound and pudendal

nerve terminal motor latency (PNTML) measurements.

2) To compare the results of anal manometry before and after delivery of a baby.

To correlate this data with the results of the anal ultrasound and PNTML

measurements.

3) To correlate the results of anal manometry, ultrasound and PNTML with the

nature of the delivery (normal vaginal, assisted vaginal eg. forceps or caesarean

section), and other aspects of the delivery such as the weight of the baby, length

of second stage, use of episiotomy and the presence of perineal tearing.

4) To determine if the women had any symptoms of faecal urgency or

incontinence after the delivery and to compare this with the results of the anal

manometry, ultrasound and PNTML tests,

5) To determine if the women who had an injury to the muscle (morphological

defect on ultrasound) or nerue (prolonged PNTML) had improvement in their

AIMS
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measurements over a short follow-up time of 6 months.
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sEcTtoN 2

METHODS

lntroduction

To fulfil the aims of the study, women presenting to the Flinders Medical Centre for

their ante-natal care were approached, and invited to participate in the study.

They were invited to undergo anorectal physiological testing, both before delivery

and after delivery. The tests performed were anal manometry, anal ultrasound

and pudendal nerve terminal motor latency (PNTML). Clinical information about

bowel function was also collected before and after delivery, in the form of detailed

questionnaires. Details about the labour and delivery were obtained from the

case notes and the labour ward computer database. The delivery of the baby was

managed as deemed appropriate by the treating midwives and obstetrician.

lnclusion criteria

1) Women over 18 years of age.

2) Nulliparity.

3) No history of faecal incontinence, urgency or anorectal disorder from prior

illness or surgery.

Exclusion criteria

1)Women under 18 years of age.

2) Multiparity.

3) A history of faecal incontinence, anorectal disorder or surgery.
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Ethical considerations

The study was reviewed and accepted by the Clinical lnvestigation (Ethics)

Committee at the Flinders Medical Centre, Adelaide. For proof of approval see

appendix.

The women were told that their involvement in the study was entirely voluntary,

and non-participation in the study would in no way affect their treatment at the

Finders Medical Centre. The women could withdraw from the study at any time

freely and without any prejudice to any future treatment at the hospital. All records

related to the study are to remain confidential and no information, that could

identify the woman, will be released at any time.

Recruitment

Women presenting to the ante-natal clinic at the Flinders Medical Centre were

approached and invited to be paft of the study. They were recruited by the

principle investigator, Dr Nick Rieger. At this initial interview it was established

that the woman was having her first ongoing pregnancy, over 18 years of age, did

not suffer from any anorectal disorder, and had no history of faecal incontinence. lf

the woman was agreeable to be paft of the study, they were given an appointment

to attend for their pre-natal interview and the first of the anal physiological tests.

A patient information sheet was provided for the woman to read and take home

to discuss with their paftners and family. This explained the background for the

study, the testing involved, and gave information about the ethical considerations

of the study. Contact phone numbers for the woman to ring, were listed in case of

there being concerns or questions about the conduct of the study. See appendix

for patient information sheet.

Many women had second thoughts about the study and withdrew prior to their

first appointment, Consent to participate in the study was therefore obtained at the
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first appointment.

Pre-natal Visit

This appointment was made for the third trimester of the pregnancy. This was

often late in the pregnancy, after the women had finished work and had gone on

maternity leave.

At this visit, consent was obtained from the woman to participate in the research

study. A detailed questionnaire on bowel function was completed (See appendix

for attached consent form and pre-natal bowel function questionnaire). This

questionnaire was designed to determine the bowel function of the woman prior

to the delivery. There were also questions on urinary bladder function, illness,

medication or surgery that could have an affect on the bowel or anal function. This

questionnaire ensured that women were unlikely to have had a prior injury to the

anal sphincter muscles or their nerues.

At this visit the initial anorectal physiology test was pedormed. This was anal

manometry to assess the resting and "squeeze" pressures of the anal canal prior

to the delivery. Anal ultrasound and PNTML was not pedormed prenatally.

As the women were having their first ongoing pregnancy and delivery, and there

was no past history of anorectal disorder, there was little to no expectation of prior

injury or defects to the anal sphincter muscles or their nerves. lt was thought

unethical to perform PNTML in pregnancy, and that women would not accept this

test in the presence of the baby. lt is possible that occult disorders or defects to the

anal sphincters could be present in these women, which would not be

appreciated by not having more sophisticated testing performed. An example

would be the practice of anal intercourse, which has been shown to cause anal

sphincter injury.
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Pre-natal Manometry

Manometry was performed with the woman in the left lateral position. There was

no bowel preparation. The catheter used, was a water perfused catheter, that was

custom made in the Department of Surgery. This was a 3 channel catheter made

from polyvinyl chloride as illustrated in Fig. 7. and Photo 1. The catheter had an

external diameter of 3.04 mm. Each channel had a side hole, which were

arranged circumferentially, 120 degrees to each other. The side holes were 3,4,

and 5 cm from the tip of the catheter. The catheter was filled with water to ensure

no air bubbles were present in the tubing, that could dampen the pressures

recorded. lt was attached to an Arndorfer pneumo-hydraulic capillary infusion

system, with water infused at a pressure of 7 PSl. The catheter channels were

connected to TranspacR disposable transducers, and recordings were made on a

Dantec recorder, which gave a monitor display and a printed recording of the

pressure tracings. All examinations were performed in the presence of the chief

investigator, Dr. Nick Rieger, and a hospital technician or scientist from the

Depaftment of Surgery.

During the second period of the study recordings were made on a Macintosh

computer using scope ( V3,4.3/S ) software ( AD lnstruments, Castle Hill, NSW,

Australia ).

The catheter was zeroed and inserted into the woman's anus, up to the final

gradation mark. The woman was asked to cough, which caused a spike in the

recorded pressure, in response to the rise in intra-abdominal pressure generated.

This ensured that the catheter channels were patent, correctly connected to the

transducers and the recorder, and sited within the rectum.

There were 16 gradations marked along the catheter, spaced at 5 mm intervals.

At each of these marks the resting pressure was recorded, with the woman lying

quietly on the examination couch. Once a satisfactory recording was obtained of



80

the resting pressure, the Woman was asked to "squeeze", such as in trying to

prevent the passage of a bowel motion or flatus. This gave a recording of the

"squeeze" or maximal anal canal pressure. The catheter was then withdrawn to

the next mark (5 mm). The recording was allowed to settle after this withdrawal,

and the resting and "squeeze" pressures were recorded at this new mark. This

was repeated at each mark, or until the catheter side holes were no longer in the

anal canal.

The measurements obtained were the maximal resting and "squeeze" pressures

for the anal canal, and the length of the anal canal.

To calculate the mean highest resting pressure (RP), the highest resting

pressure for each lumen was determined. This was measured from the chart just

before the "squeeze". The mean highest resting pressure was the average of the

pressures of each lumen.

lumen t hiohest RP + lumen 2 RP + lumen 3 RP

To calculate the mean highest "squeeze" pressure (SP) of the anal canal high

pressure zone, the highest pressure of each lumen was determined and the

average calculated.

lumen t hiqhest SP + lumen 2 SP + lumen 3 SP

3

3

Normal range:

(From previous controls)

RP 54-104 cm H2O

SP 179-357 cm H2O

anal canal length 2.5-5 cm
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Deliverv Details

Details of the delivery were obtained from the obstetric hospital records.

lnformation was recorded on a standard form (See appendix for attached form), to

allow later comparison to the results of the bowel function questionnaires and

anorectal physiological tests.

Post-natal Visit

This was arranged lor 4 to 6 weeks after the delivery of the baby. This was to

allow the woman's perineum to heal and become more comfortable for the

following physiological tests, especially if there had been an episiotomy or

spontaneous perineal tear. The women were contacted prior to this visit, to ensure

that they were comfortable enough to undergo the testing. A later date was given

if they needed more time.

The woman was asked to complete a post-natal questionnaire on bowel function

and underwent the post-natal physiological testing.

The questionnaire was aimed at assessing if the woman experienced any faecal

incontinence or urgency after the delivery. lncontinence was defined as the

inadveftent passage of stool, and urgency as the inability to defer defecation for

more than 5 minutes. An analogue scale was used to assess the level of

interference that this incontinence or urgency had on their daily lives. Bladder

function was also assessed. (See appendix for attached form)

Post-natal Physiological Testing

Examinations were performed in the order listed below, This ensured that the

insertion of the ultrasound probe or gloved finger did not interfere with the

manometry results, by exciting activity in the anal sphincter muscles.
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1) Anal Manometrv

This was pedormed in exactly the same manner as the pre-natal manometry.

2) Anal Ultrasound

This was performed using a Bruel and Kjaer ultrasound scanner, type 1846, An

1850 probe was used. (Photo 5) The probe was insefted into the anal canal, with

the woman in the left lateral position. lmages were obtained along the length of

the anal canal, to detect any defect in the internal or external sphincter. Still

photographs were taken at 3 levels. These were the upper anal canal,

corresponding to the puborectalis muscle, the mid anal canal, showing the

internal and external anal sphincter, and the lower anal canal below the level of

the internal sphincter, showing the subcutaneous external anal sphincter.

lnitially all examinations were performed with in the presence of an experienced

Radiologist, Dr. Peter Downey.

An internal sphincter defect was defined as a break in the hypoechoic ring

representing this muscle. An external sphincter defect was defined as a break in

the normal mixed echogenic appearance of this muscle. The position of a

sphincter defect in the anal canal was recorded according to a clock face, with the

anterior position being 12 O'clock, and the posterior position being 6 O'clock. A

defect was complete if it involved the whole length of the anal canal, proximal if it

involved the upper part of the anal canal (ie. the deep or supedicial external

sphincter or corresponding internal sphincter), and distal if it involved the lower

anal canal (subcutaneous external sphincter or corresponding internal sphincter)

with preservation of the upper part of the anal sphincters.

3) PNTML

A St. Mark's Pudendal electrode was taped to the gloved index finger of the
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examiner. The electrode was connected to the stimulus source and recording

device and the women was connected to eafth with a "strap on plate" at the ankle.

The woman was positioned on an examination couch and examined in the left

lateral position. The stimulus was a 10 mA current of electricity, lasting 0.1 msec.

The EMG recordings were acquired via a MacLab 8S system with a Maclab

bioamplifier ( V1.3 ), using scope ( V3.4.3/S ) software ( AD lnstruments, Castle

H¡ll, NSW, Australia ).

The electrode was coated with gel, prior to insertion into the woman's anus. The

pudendal nerve on each side was examined with the stimulus applied at the level

of the ischial spine. The stimulus caused the anal sphincter to contract around the

examiner's finger and a motor unit potential was visible on the computer terminal.

Multiple recordings were taken on each side, and were reproducible. The results

were saved on soft disc.

The result was calculated on computer, as an average of recordings taken on

each side. The normal value used was less than 2.4 ms.

lnformation to patients and counselling

All women were given a letter explaining their results, and were offered

counselling or physiotherapy via the colorectal outpatients, if required.

Follow-up

Women were asked to present at an appointment 6 months postpartum to repeat

the anal physiological testing,

Statistical Analysis

Paired data was analysed using the Student's paired t-test and the Wilcoxon

signed rank test far parametric and non-parametric data respectively. An
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independent t-test was used to analyse relationships between independent data

at solitary points in time of the testing. The Pearsons correlation coefficient was

used to determine any significant relationship between non-categorical variables,

Associations between categorical variables were assessed with the chi-square

test. Multiple linear regression analysis was used to identify independent

variables which influenced the data outcome. Where the data involved 6 or less in

number for each variable statistical analysis was not undeftaken.

Statistics were performed with SPSS@ for Windowsr" Release 6.0 (SPSS lnc.,

Chicago, lllinois, USA) on a personal computer.
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CHAPTER 3

RESULTS

A) lntroduction

This chapter is subdivided into the various aspects of the study.

1) The characteristics of the participating women are described and the numbers

that were investigated at the different times of the study. This includes the details

of the pre-delivery bowel function from the questionnaire.

2) The delivery details of the total group are described and how many of the

women were symptomatic for faecal urgency and incontinence or urinary urgency

and incontinence.

3) The results of the anal manometry, PNTML and anal ultrasound testing is

presented. The anal manometry results are evaluated for differences between

pre-natal and post-natal values. For the three tests performed evaluation of the

aspects of the labour and delivery are analysed to determine if any such aspects

are associated with abnormal findings or symptoms.

4) Normal women with no documented abnormality to the anal sphincter

morphology as measured with anal ultrasound and neurologically intact as

measured with PNTML are described, and finally the results are discussed for the

women with and without symptoms.

The data is presented for the variables in the form of mean, standard error of the

mean and standard deviation. All variables unless otherwise stated were near to

a normal distribution to allow such presentation of the results. ln addition the

range is given to demonstrate that a wide variety in results was seen in the

subjects for each variable.

The raw data of the study is shown in tables 1 to 5 ( Appendix ).
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B) Subiects

Period of investigation: February 1995 - January 1996

lnitial prenatal manometry 53 tested

(age range2l - 39 years; median 29 years)

Post-natal investigation at 6 weeks 50 tested

Number refused or did not attend 3

Time post-natal returning for testing Median 38 days (5,43 weeks).

Range 20 - 65 days.

Reason for non attendance: All 3 women refused to have further testing.

Post-natal investigation at 6 months. 26 tested

Normal anal ultrasound and PNTML
and not invited for retesting. 13

Number refused or did not attend. 11

Time post-natal returning fortesting Median 193 days (6.89 months).

Range 125 - 253 days,

Reason for non attendance: For the 11 not tested at 6 months, 3 did not have

testing at 6 weeks and the remaining 8 refused or were unable to take part in

further testing for personal reasons or the study concluded prior to the 6 month

assessment.
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C) Results of pre-natal questionnaire

The data corresponds to the questions asked in the bowel function questionnaire

that can be found in the appendix.

1) Frequency of bowel actions:

2) Laxative use:

3) Straining to defaecate:

4) Digitation to aid defaecation:

5) Feeling of incomplete

emptying with defaecation:

More than once a day

Once a day

Every 2nd day

Greater than 2nd daily

Never

Occasional

Often

Always

Never

Occasional

Often

Always

No

Yes

Never

Occasional

Often

Always

I
31

I
3

34

14

2

0

I
39

2

0

48

2

17

28

4

1
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6) Anal pain: Never

Occasional

Often

Always

Never

Occasional

Often

Always

26

21

3

0

7) Anal itching

8) Abdominal pain or bloating: Never

Occasional

Often

Always

9) Faecal incontinence or Never 47

leakage Occasional 3

Often 0

Always 0

For the 3 women with occasional symptoms of faecal incontinence or leakage this

was with a diarrhoeal illness only.

10) Able to control flatus:

34

15

1

0

I
34

8

0

Yes

No

1 1) Symptoms of faecal urgency: Yes

No

48

2

4

46
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12) Bowel accidents: Yes

No

13) Difficulty with bladder control Never 45

prior to pregnancy: Occasional 5

Often 0

Always 0

For 4 of the 5 women with occasional difficulty with bladder control it was with a

stress, such as a cough or a strain during exercise.

50

0

Difficulty with bladder control

during pregnancy:

Yes

No

19

31

No woman had any significant medical conditions or took medication that could

contribute to any alteration in ano-rectal or bowel function.

No woman had previous surgery for colonic or ano-rectal disease.

One woman had previous surgery as a child for bladder control. This was to

correct a posterior urethral valve and was a success.
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D) Obstetric Details

Figures are given for the women who attended at least for the initial manometric

testing and the subsequent testing (manometry, PNTML and anal ultrasound) at 6

weeks postnataly. Women who refused or d¡d not attend for postnatal

investigation are excluded.

Total deliveries and complete 6 week testing 50

Delivery type:

Vaginal Delivery: Number

Single baby

Twins

Presentation

Vaginal Delivery

Caesarean Section Emergency

Caesarean Section Elective

Occipitoanterior

Occipitoposterior

Occipitotransverse

Epidural

Forceps

Ventouse Extraction

Episiotomy (Epis)

Tear Total

Degree 1st

2nd

3rd

37

11

2

37

36

1

33

1

3

25

4

5

22

15

I
7

nil



91

Birth Weight

Head Circumference

Length ol 2nd Stage

Number

Emergency

Elective

Singleton

Twin

Presentation : Occipitoanterior

: Occipitoposterior

: Occipitotransverse

: Breech

: Unknown

Weight : Mean

Range

HC : Mean

Range

13

11

2

13

0

3

1

4

2 (Both elective)

3

3518 grams

2600 - 4825 grams

35 cm

32-40cm

Mean

Range

Mean

Range

Mean

Range

3401 grams

2470 - 4230 gm

34.5 cm

32-38cm

78.8 minutes

8 - 217 minutes

Caesarean:
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E) Symptoms Postnataly

Ten women (2O%) described new symptoms 6 weeks postnataly. These

symptoms were not present on the pre-natal questionnaire in these women.

All delivered vaginally, This was with the aid of an episiotomy in 6 women, forceps

in 1 woman and 6 women suffered a first or second degree tear. A sphincter

defect was seen on the anal ultrasound in 5 women.

Symptoms suffered: Faecal urgênc! = 4

Flatus incontinenc€ = 3

Faecal incontinence = 0

Urinary urgency - 2

Urinary incontinencê = 1

Description of each woman:

Woman number 5. Faecal urgency. Perineal wound breakdown

7. Flatus incontinence.

9, Minor stress urine incontinence.

26. Flatus incontinence.

27.Faecal urgency.

29. Faecal urgency.

30. Faecal urgency.

37. Urinary urgency.

46. Urinary urgency.

50. Flatus incontinence.

Symptoms at 6 months postnataly:

All the women with symptoms at the review at 6 weeks were interviewed at 6
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months postnataly. None described any difficulty, with full resolution of their

symptoms. All the symptoms experienced postnataly were therefore transient.
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F) Manometry

RP1 = resting pressure before delivery (cm H2O).

RP2 = resting pressure at 6 weeks (cm H2O).

RP3 = resting pressure at 6 months (cm H2O).

SP1 = squeeze pressure before delivery (cm H2O).

SP2 = squeeze pressure at 6 weeks (cm H2O).

SP3 = squeeze pressure at 6 months (cm H2O).

HPZ1 = length of high pressure zone before delivery (cm).

HPZZ = length of high pressure zone at 6 weeks (cm).

HPZ3 = length of high pressure zone at 6 months (cm).

Table of Resting Pressures recorded prenatally and postnataly

Pressure Number Mean Std Dev SE Mean Ranoe

RP1

RP2

RP3

SP1

SP2

SP3

53

50

26

25

21

19

58

56

51

3.44

2.96

3.67

8.00

7.87

10.0

Table of Squeeze Pressures recorded prenatally and postnataly

Pressure Number Mean Std Dev SE Mean Ranqe

91.6

80.0

85.7

225.6

170.4

204.9

48-181

33-1 20

48-127

105-404

70-283

106-328

53

50

26
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Length of High Pressure Zone recorded prenatally and postnataly

Pressure Number Mean Std Dev SE Mean Range

HPZl

HP22

HPZs

53

50

26

3.44

3.35

3.23

0.802

0.648

o.778

0.111

0.094

0.152

2.0-5.0

2.0-5.0

1.5-4.5

See Figures 1 to 9 for the distribution curves of RP1, RP2, RP3, SP1, SP2, SP3,

HPZ1,HPZ2 and HPZ3.
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Figure f .
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Figure 3.

Graph of distribution of HPZ 1
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Figure 5.

Graph of distribution of SP 2
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Figure 9.

Graph of distribution of HPZ 3
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Comparison of paired data of anal manometry recordings.

1l For the total Patients

Restinq Pressure

Pressures
compared

RP1 vs RP2 RP1 vs RP3 RP2 vs RP3

26 26Number of pairs 50

P value* < 0.001 0.041

* t - test for paired samples; 2-tailed significance

0,209

The resting pressure after delivery at 6 weeks was significantly reduced when

compared to the prenatal value. There was no significant difference in the resting

pressure when compared at 6 weeks and 6 months.

The resting pressure fell a mean of 11.1 cm H2O after delivery (RP1 - RP2)

I Median: 8.00 cm H2O; Range: negative 23.0 to 87 cm H2O ]
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Squeeze Pressure

Pressures

compared

SP1 vs SP2 SP1 vs SP3 SP2 vs SP3

Number of pairs 50 26 26

P value* < 0.001 < 0.001

* t - test for paired samples; 2{ailed significance.

< 0.001

The squeeze pressure after delivery at 6 weeks was significantly reduced when

compared to the prenatal value. There was a significant improvement in the

resting pressure when compared at 6 weeks and 6 months such that the squeeze

pressure was returning to the value before delivery.

The squeeze pressure fell a mean of 56,6 cm H2O after delivery (SP1 - SP2)

I Median: 60.5 cm H2O; Range: negative 31.0 to 140 cm H2O ]

Length of the Anal High Pressure Zone.

Data HPZ1 vs HPZ2 HPZ1 vs HPZ3
compared

Number of pairs 47 26

HPZ2 vs HPZ3

26

P value* 0,668 0.410 0.319

* t - test for paired samples; 2-tailed significance,

There was no significant difference between the lengths of the anal canal high

pressure zones at the different times of testing.
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2) For women having a vaginal delivery.

Resting Pressure

Vaginal delivery was associated with a significant reduction in the resting

pressure.

RP1 VS RP2 Number of pairs = 37

t - test for paired samples P = < 0.001

As for the total group of women the resting pressure did tend to recover when

retested at 6 months.

RP1 VS RP3 Number of pairs = 23

t - test for paired samples P = 0.102

RP2 VS RP3 Number of pairs = 23

t - test for paired samples P = 0.088

Squeeze Pressure

Vaginal delivery was associated with a significant reduction in squeeze pressure

SP1 VS SP2 Number of pairs = 37

t - test for paired samples P = < 0.001

There remained a significant difference between the squeeze pressure before

delivery and that at 6 months, however significant recovery towards the pre-

delivery value occurred.

SP1 VS SP3 Number of pairs - 23

t - test for paired samples P = < 0.001

SPz VS SP3 Number of pairs = 23
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t - test for paired samples p = q 0.001

Length of the Anal High Pressure Zone.

No significant change in the length of the anal high pressure zone was found

when comparing the pr:enatal to the postnatal data.

HPZI VS HPZ2 Number of pairs = 35

t - test for paired samples P = 0,203

HPZI VS HPZ3 Number of pairs = 23

t - test for paired samples P = 0.322

HPZ2 VS HPZ3 Number of pairs = 23

t - test for paired samples P = 0.307

1ì Fnr rrrrrrnan harrinrr a fìaaezl,À^n canlinn

No significant change in resting pressure, squeeze pressure or length of the anal

high pressure zone was seen.

RP1 VS RP2 Number of pairs = 13

t - test for paired samples P = 0.284

SP1 VS SP2 Numberof pairs = 13

t - test for paired samples P = 0.195

HPZ1 VS HPZ2 Number of pairs = 12

t - test for paired samples P = 0.166
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Comparisons for RP1 vs RP3, RP2 vs RP3, SP1 vs SP3, SP2 vs SP3, HPZI vs

HPZS and HPZ2 vs HPZ3 were not statistically analysed as the numbers were too

few. ln all cases the number of paired data for comparison was 3.
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4) Analysis of obstetric factors affecting the anal manometry data.

Resting Pressure.

Multiple linear regression analysis found that for the difference between the

resting pressure before delivery and that at 6 weeks postnataly (dependent

variable: RP1 - RP2) the type of delivery, whether vaginal or Caesarean, the

weight of the baby, head circumference of the baby, epidural, episiotomy and

perineal tear were not factors that independently affected the resting pressure.

Squeeze Pressure.

Multiple linear regression analysis found that for the difference between the

squeeze pressure before delivery and that at 6 weeks postnataly (dependent

variable: SP1 - SP2) the type of delivery, whether vaginal or Caesarean, was

independently a significant variable (r = 53.377; Std. error = 13.973i P < 0.001).

There was a trend forthe weight of the baby (r =2.534; Std. error = 0.13; P -
0.062) and whether an epidural was pedormed (r = -25.649; Std. error = 13.282; P

= 0.060) to affect the reduction in the squeeze pressure. Head circumference of

the baby, episiotomy and perineal tear were not factors that independently

affected the squeeze pressure.
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G) PNTML

Normal value: less than 2.4 ms

Results at 6 weeks: PNTML1 (Number = 45)

34 women had a vaginal delivery and 11 a Caesarean section.

ln 4 women the PNTML was not obtained because of equipment failure and for 1

woman the result for both left and right nerues was not recordable.

45 women with PNTML results at 6 weeks.

17(38%)

normal

left and right

1o(22%)

prolonged left

normal right

11(24"/")

prolonged right

normal left

7(16"/")

prolonged

left and right

4

prolonged

bilaterally

An increased PNTML was seen after Caesarean section. 11 women had a

Caesarean section.

11 women having Caesarean section with PNTML results at 6 weeks.

4

normal

left and right

3

prolonged

PNTML unilateral
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Results at 6 months: PNTML2 (Number = 15).

13 had a vaginal delivery and2 a Caesarean section.

15 women with PNTML results at 6 weeks.

6(40"/")

normal

left and right

3(20%)

prolonged left

normal right

2(13%)

prolonged right

normal left

4(27%)

prolonged

left and right

See Figures 10 to 15 for the distribution curves of LPNTMLI, RPNTMLI,

MPNTMLI, LPNTML2, RPNTML2, MPNTML2,
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Figure 10.

Graph oí ciistribution of Left PNTIVIL at 6 weeks

Std. Dev = .46
Mean = 2.42
N = 45.00
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Figure 'î'i.

Graph of ciistribution of Right PNTML at 6 weeks
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30

Figure f 2.

Graph of distribution of mean PNTML at 6 weeks

Std. Dev = .43
Mean = 2.44
N = 45.00
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Mean PNTML (milliseconds)

Figure 'î3.

Graph of ciistribution of Left PNTML at 6 months
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7

6

Figure f 4.

Graph of distribution of Right PNTIVIL at 6 months

Std. Dev = .43
Mean = 2.26
N = 15.00
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Figure i 5.

Graph of cjistribution of mean PNTIVIL at 6 months
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Mean = 2.31
N = 15.00
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Tabulated results of PNTML.

PNTML Number Mean Std Dev SE Mean Range

LPNTMLl

RPNTMLl

MPNTMLl

LPNTML2

RPNTML2

MPNTML2

45

45

45

15

15

15

LPNTMLl

Vaginal delivery

Caesarean section

RPNTMLl

Vaginal delivery

Caesarean section

MPNTMLl

Vaginal delivery

Caesarean section

2.42

2.46

2.44

2.35

2.26

2.31

0.46

0.53

0.43

0.51

0.43

0.41

0.07

0.08

0.06

0.13

0.11

0.11

1.67-3.50

1.60-3.65

1.69-3.55

1.60-3.80

1.74-3.20

1.77-3.50

LPNTMLI = Left PNTML at 6 weeks,

RPNTMLI = Right PNTML at 6 weeks.

MPNTMLI = Mean of left and right PNTML at 6 weeks.

LPNTML2 = Left PNTML at 6 months.

RPNTML2 = Right PNTML at 6 months.

MPNTML2 = Mean of left and right PNTML at 6 months

Mean 2.44 msi SE Mean 0.08; Range 1.67-3.5

Mean 2.36 ms; SE Mean 0.14; Range 1.80-3.3

Mean 2.43 ms; SE Mean 0.09; Range 1.60-3.65.

Mean 2.54 ms; SE Mean 0.17; Range 1.85-3.65.

Mean 2.44 ms; SE Mean O.07; Range 1.69-3.55.

Mean 2.45 ms; SE Mean 0.14; Range 1.83-3.4.
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Comparison of PNTML at 6 weeks to 6 months.

The mean and right PNTML did significantly recover from the value at 6 weeks to

that at 6 months. The left PNTML tended to recover but this did not reach statistical

significance.

Left PNTMLI vs PNTML2

Number of pairs = 15

t - test for paired samples; 2-tailed significance P = 0.059

Right PNTMLI vs PNTML2

Number of pairs = 15

t - test for paired samples; 2-tailed significance P = 0.004

Mean PNTMLI vs PNTML2

Number of pairs = 15

t - test for paired samples; 2-tailed significance P = 0.001

This was seen in women who delivered vaginally (see below), but Caesarean

section was not analysed as a separate variable, as only 2 women having this

form of delivery, had results at 6 weeks and 6 months.

lnfluanna nf a rraninal rlalirranr nn PlrlTt\ll

Left PNTMLI vs PNTML2

Number of pairs = 13

t - test for paired samples; 2-tailed significance P = 0.103

Right PNTMLI vs PNTML2

Number of pairs = 13

t - test for paired samples; 2-tailed significance P = 0.005
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Mean PNTMLI vs PNTML2

Number of pairs = 13

t - test for paired samples; 2-tailed significance P = 0.004

Effect of normal and an increased PNTML on RP and SP at 6 weeks

and at 6 months.

There were 25 women who had a normal mean PNTML. Eight of these women

had a sphincter defect on anal ultrasound.

The following table describes the data for these women.

Variable Number

MPNTML (ms) 25

RP1 (cm H2O) 25

RP2 (cm H2O) 25

RP3 (cm H2O) I
SP1 (cm H2O) 25

SP2 (cm H2O) 25

SP3 (cm H2O) I

RP1 vs RP2

RP1 vs RP3

RP2 vs RP3

SP1 vs SP2

SP1 vs SP3

SP2 vs SP3

Mean

2.13

88.2

83.0

89.0

234.4

179.2

200,9

2-tailed P = 0.1159

2tailed P = 0,8658

2-tailed P = 0.2076

2-tailed P = 0.0001

2-tailed P = 0.0172

2-tailed P = 0.0584

(Wilcoxon signed-ranks test)

(Wilcoxon signed-ranks test)

(Wilcoxon signed-ranks test)

(Wilcoxon signed-ranks test)

(Wilcoxon signed-ranks test)

(Wilcoxon signed-ranks test)

Std Dev

o.17

21.9

24.O

26.7

63,4

57.6

65.4

SE Mean

0.034

4.381

4.796

9.430

12.68

11,51

23.11

Range

1.69-2.38

48-124

33-120

48-127

140-404

71-282

106-328
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There was no significant alteration of the resting pressure from before delivery to

that at 6 weeks and 6 months in the women with a normal mean PNTML. A

significant reduction was seen in the squeeze pressure from before delivery to

that at 6 weeks and 6 months. Recovery tended to occur in the squeeze pressure

at 6 months compared to 6 weeks but this did not reach statistical significance.

There was a no significant alteration in the resting pressure at 6 weeks in the

women with (P = 0.1235; Wilcoxon signed-ranks test) and without (P = 0,4687;

Wilcoxon signed-ranks test) sphincter defects and an normal mean PNTML. There

was a significant reduction at 6 weeks in the squeeze pressure in the women with

(P = 0.0116; Wilcoxon signed-ranks test) and without (P = 0.0052; Wilcoxon

signed-ranks test) sphincter defects and an normal mean PNTML. Thus a

sphincter defect did not influence the resting or squeeze pressure results in the

subgroup of women with a normal mean PNTML..
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There were 20 women who had an increased mean PNTML above normal. An

increased mean PNTML was combined with an anal sphincter defect in 7

women. The following table describes the data for these 20 women.

\Variable Number

MPNTML (ms) 20

RP1 (cm H2O) 20

RP2 (cm H2O) 20

RP3 (cm H2O) 15

SP1 (cm H2O) 20

SP2 (cm H2O) 20

SP3 (cm H2O) 15

RP1 vs RP2

RP1 vs RP3

RP2 vs RP3

SP1 vs SP2

SP1 vs SP3

SP2 vs SP3

Mean

2.83

99.0

79.0

84.7

224.5

163.4

210.3

Std Dev

0.33

29.4

18.1

15.4

56.2

58.7

48.9

SE Mean

0.07

6.58

4.O4

3.98

12.56

13.12

12.62

Range

2.44-3.55

65-181

52-1 05

61 -1 14

105-331

70-283

122-286

2-tailed P = 0.0007 (Wilcoxon signed-ranks test)

2{ailed P = 0.0041 (Wilcoxon signed-ranks test)

2-tailed P = 0.6246 (Wilcoxon signed-ranks test)

2-tailed P = 0.0006 (Wilcoxon signed-ranks test)

2-tailed P = 0.0381 (Wilcoxon signed-ranks test)

2-tailed P = 0.0237 (Wilcoxon signed-ranks test)

There was a significant reduction of the resting pressure at 6 weeks and 6 months

compared to before delivery in the women with an increased mean PNTML.

Recovery of the resting pressure at 6 months compared to 6 weeks tended to

occur but this did not reach statistical significance. A significant reduction was

seen in the squeeze pressure from before delivery to that at 6 weeks and 6

months. Significant recovery occurred in the squeeze pressure at 6 months

compared to 6 weeks.
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There was a significant reduction in the resting pressure at 6 weeks in the women

with (P = 0.0277; Wilcoxon signed-ranks test) and without (P = 0,0060i Wilcoxon

signed-ranks test) sphincter defects and an increased mean PNTML. The

presence of a sphincter defect did not influence this result. There was a significant

reduction at 6 weeks in the squeeze pressure in the women without (P = 0.0033;

Wilcoxon signed-ranks test) sphincter defects and an increased mean PNTML.

The squeeze pressure was not significantly reduced in the subgroup of women

with a sphincter defect (P = 0.1614; Wilcoxon signed-ranks test). Thus a sphincter

defect did not have an adverse effect on the squeeze pressure.

Using an independent t-test for samples of the mean PNTML result at 6 weeks

there was no significant difference in the resting pressure (RP2: P = 0.448) or

squeeze pressure (SP2: P = 0.800) recorded at this time.

Using the Pearson correlation coefficient there was no significant correlation

between the mean PNTML result at 6 weeks and the difference between the

resting pressures pre and postnataly (RP1-RP2; r = O.203; P - 0.182) and the

squeeze pressures pre and postnataly (SP1-SP2, r = - 0.060; P = 0.69b). The

mean PNTML at 6 weeks was unable to be significantly correlated with the resting

(RP2; r = - 0.099i P = 0.516) and squeeze pressures (SP2; r = - 0. 177; P = 0.246)

at 6 weeks.
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H) Ultrasound (Number = 50)

No woman having a Caesarean section had a sphincter defect.

All sphincter defects were associated with a vaginal delivery.

All sphincter defects were anterior in the anal canal.

For women having a vaginal delivery (Number = 37):

Normal ultrasound 22 (59%)

Sphincter defect 15 (41o/o)

The sphincter defects were able to categorised into:

lnternal sphincter defect (lSD) 2

External sphincter defect (ESD) 10

Combined ISD and ESD 3

Of the 10 ESD, 1 involved the full length of the external anal sphincter (complete)

and 9 involved the upper proximal part of the external anal sphincter, the distal

sphincter (corresponding to the subcutaneous muscle) being intact, The size of

the external anal defects varied. Focal defects to the external anal sphincter were

seen in 4 women (see example photographs 10 and 1 1) and defects involving up

to one sixth of the circumference were seen in 6 women (see example

photographs 8,9 and 12). These 2 separate subgroups of women with differing

widths of sphincter defects were not separately analysedas the numbers were too

small.

Both women with defects to the internal sphincter (women 7 and 20) had alear,

first and second degree respectively. Neither had an epidural, or episiotomy and

both had normal PNTML, Only one woman was symptomatic at 6 weeks with

incontinence to flatus.

For the 10 women with an external sphincter defect (women 1, 4, g, 17,21,24,
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29, 40,41 and 42) I had an epidural, 8 had an episiotomy and 3 had a perineal

lear (2 first degree and 1 second degree). No woman had a forceps delivery. One

woman (woman 29) had a ventouse delivery. Six women had evidence of a

pudendal neuropathy with an increased PNTML. This was unilateral in 4 women

and bilateral in 2 women. One women had ano-rectal symptoms related to the

delivery (women 29). This was faecal urgency.

For the 3 women with a combined internal and external sphincter defect (women

33, 48 and 50) one had an episiotomy and an epidural and one had a second

degree perineal tear, None had a forceps or ventouse delivery. Two women had

evidence of a pudendal neuropathy with an increased PNTML. This was

unilateral in both women. Only one woman (woman 50) had symptoms related to

the delivery with incontinence to flatus.

Epidural, episiotomy and perineal tear did not influence the presence or

absence of a sphincter defect as seen in the following tables.

lnfluence of an epidural on the ultrasound result

Epidural No epidural Total

Sphincter defect 9 6

No defect 16 b

Total 25 12

Chi square 2- tail Fisher exact test: P = 0,488

15

22

37
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Influence of an episiotomy on the ultrasound result

Episiotomy No episiotomy Total

Sphincter defect I 15

No defect 13

Total 22 15

Chi square 2- tail Fisher exact test: P = 1.0

37

Influence of a tear on the ultrasound result

Tear No tear Total

Sphincter defect 6

No defect 13

Total 15 22

Chi square 2- tail Fisher exact test: P = 1.0

Four women had a forceps delivery all with a normal anal ultrasound.

One of 5 women having a ventouse delivery had a sphincter defect with anal

ultrasound, This was woman 20, who had an anterior internal sphincter defect.

6

22I

I 15

22

37

I
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The presence or absence of a sphincter defect made no difference in the

reduction in the resting pressure from before delivery to that after delivery at 6

weeks (defect: P = 0.005; no defect: P = 0.005; t-test for means of paired samples).

Both tended to recover at 6 months. The same applies for the squeeze pressure

(defect: P < 0.001; no defect: P < 0.001; t-test for means of paired samples). ln

both women with and without a sphincter defect the recovery in the squeeze

pressure was statistically significant (SP2 vs SP3 defect: P = 0.017;SP2 vs SP3

no defect: P = 0.040; t-test for means of paired samples). There was no statistical

difference in the length of the anal canal high pressure zone from before to after

delivery. The following table gives the data for the resting and squeeze pressures

in the presence or absence of a sphincter defect. The data for each category such

as an internal or external sphincter defect was not analysed separately as there

were too few cases of an internal sphincter defect.

Type of pressure Defect No defect

Resting Pressure (cm H2O)

RP1 (mean; SD)

RP2 (mean; SD)

RP3 (mean; SD)

Squeeze Pressure (cm H2O)

SP1 (mean; SD)

SP2 (mean; SD)

SP3 (mean; SD)

84.6;21.2

73.9;18.4

84.8;23j

217.5;59.6

148,0; 56.2

198.6; 58.3

94.4;26.8

83.2;21.6

87.2; 17.2

230.9; 59.3

182.0;52.5

213.5; 51 .6
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Repeat Ultrasounds

Eight women had a second anal ultrasound at 6 months. The sphincter defect was

of the exact appearance in these women as the ultrasound performed at 6 weeks.

Examples of anal sphincter defects are oiven in the ohotos in the

following pages.

t')
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Photo 7. Anal ultrasound: Woman number 7. Example of an internal anal

sphincter defect. The internal anal sphincter is the black hypoechoic ring

(large black arrow), in this case incomplete. The defect lies between 12 and

4 O'clock (small black arrows).

Photo 8. Anal ultrasound: Woman number 17. Example of an external anal

sphincter defect. The internal anal sphincter is complete. The external anal

sphincter is the broad white hyperechoic ring outside the black ring of the

internal sphincter (large black arrows). The defect lies between 12 and 2

O'clock (white arrows).

The defect did not affect the whole length of the external anal sphincter

being proximal only.
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Photo 9. Anal ultrasound: Woman number 21. Example of an external anal

sphincter defect. The internal anal sphincter is the black hypoechoic ring

which is poorly displayed but was complete in the images taken with real

time. The defect in the external sphincter lies between 12 and 3 O'clock

(black arrows).

Photo 10. Anal ultrasound: Woman number 24. Example of an external

anal sphincter defect. The internal anal sphincter is complete. The external

sphincter defect is focal and lies between 1 and 2 O'clock (white arrows).

The defect did not affect the whole length of the external anal sphincter

being proximal only.
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Photo 11. Anal ultrasound: Woman number 42. Example of an external

anal sphincter defect. The internal anal sphincter is complete. The defect is

focal and proximal and lies between 1 and 2 O'clock (white arrows).

Photo 12. Anal ultrasound: Woman number 48, Example of a combined

internal and external anal sphincter defect. The internal anal sphincter is

incomplete. There is a defect between 12and 4 O'clock (black arrows). The

external anal sphincter defect lies between 11 and 2 O'clock (white arrows).
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l) Combined normal PNTML and Ultrasound

Only 13 (29%) women from the 45 with data available at 6 weeks had both

normal left and right PNTML and normal anal ultrasound. The remaining 32 (71%)

women had either a prolonged PNTML, an anal sphincter defect or both.

Vaginal Delivery.

Eight of these 13 women had a vaginal delivery. This was with the aid of an

epidural in 6, an episiotomy in 6, forceps in 1 and a ventouse extraction in 2. Two

of the deliveries were complicated by a first or second degree perineal tear.

No significant reduction was seen in the resting pressure.

Pressure Mean SE mean Range

RP1 94.75 cm H2O 6.14 67-114 cm H2O

RP2 88.75 cm H2O 8,35 59-117 cm H2O

2{ailed P = O.262 (Wilcoxon Matched-Pairs Signed-Ranks Test)

Despite the normal measurements of PNTML and anal ultrasound there was a

significant reduction in the squeeze pressure from before to after delivery at 6

weeks.

Pressure Mean SE mean Range

SP1 264.5 cm H2O 27 .42 154-404 cm H2O.

SP2 196.25 cm H2O 16.06 127-282 cm H2O.

2-tailed P = 0.0173 (Wilcoxon Matched-Pairs Signed-Ranks Test).
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Caesarean Section.

Five of the 13 women had a Caesarean section, all with the aid of an epidural. No

significant reduction was seen in the squeeze or resting pressure.

Pressure Mean SE mean Range

RP1 76.4 cm H2O 8.21 48-95 cm H2O.

RP2 78.8 cm H2O 10.93 37-100 cm H2O.

2-tailed P = 0.5879 (Wilcoxon Matched-Pairs Signed-Ranks Test).

Pressure Mean SE mean Range

SP1 181.8 cm H2O 9.71 146-199 cm H2O.

SP2 171.4 cm H2O 19,08 1 10-208 cm H2O.

2{ailed P = 0.4164 (Wilcoxon Matched-Pairs Signed-Ranks Test).
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J) Symptomatic Patients

For the 10 women with symptoms there was a significant reduction in the squeeze

pressure but not the resting pressure, The mean squeeze pressure was reduced

by 31%.

Pressure Mean SD Range

RP1 84.2 cm H2O 1 6.5 58-106 cm H2O.

RP2 80.8 cm H2O 24.5 33-117 cmH2O.

2-tailed P = O.4443 (Wilcoxon Matched-Pairs Signed-Ranks Test).

Pressure Mean SD Range

S P 1 220.4 cm H2O 27 .5 170-259 cm H2O.

SP2 151.6 cm H2O 38.4 71-214 cm H2O.

2-tailed P = 0.0093 (Wilcoxon Matched-Pairs Signed-Ranks Test).

For the 40 women who were asymptomatic there was a significant reduction in

both the squeeze pressure and the resting pressure. The mean squeeze pressure

was reduced by 21%.

Pressure Mean SD Range

RP1 93.3 cm H2O 26.5 48-181 cm H2O.

RP2 79.8 cm H2O 20.3 37-120 cm H2O.

2-tailed P = 0.0002 (Wilcoxon Matched-Pairs Signed-Ranks Test),

Pressure Mean SD Range

SP1 226.8 cm H2O 63.5 105-404 cm H2O.

SP2 175.1 cm H2O 58.6 70-283 cm H2O.

2{ailed P < 0.0001 (Wilcoxon Matched-Pairs Signed-Ranks Test).
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CHAPTER 4

DISCUSSION

ln this prospective study of primiparous women undergoing childbirth I have

found a high number of women to have sphincter defects and increased pudendal

nerve terminal motor latency. Childbirth resulted in reduced resting and squeeze

pressures and 2Oo/" of women were symptomatic. The reduction in the resting and

squeeze pressures was seen in the women having a vaginal delivery even when

the anal sphincters were anatomically normal on anal ultrasound and there was a

normal pudendal nerve terminal motor latency. No other study has analysed in a

prospective manner all of these parameters in the one group of women. The

availability of new, sophisticated methodology such as anal ultrasound and

pudendal nerve terminal motor latency, combined with anal manometry has

allowed a thorough examination of the integrity and function of the anal sphincter

mechanism.

Anal manometry gives a measurement of the function of the continence

mechanism and enables data to be collected over time before and after an

occurrence such as the birth of a baby. Anal ultrasound has been validated as an

accurate method of assessing the integrity of the anal sphincter musc¡ss.107-111

Anal ultrasound has surpassed EMG mapping in the detection of anal sphincter

defects,112,114, 115-119¡t is easy to perform and relatively comfortable forthe

patient. Pudendal nerve terminal motor latency assesses the terminal aspect of

the pudendal nerve within reach of the examining finger and is a measurement of

the fastest response in the nerve so that no assessment is made of the slower

conducting nerve fibres, The recorded response is dependent on the skill of the

examiner in stimulating the nerue directly and there can be difficulty in interpreting
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the recording. However pudendal nerve terminal motor latency is more

comfoftable than having EMG studies involving the insertion of needles into the

sphincter muscles and there is good evidence that increased nerve latency is

associated with faecal incontinence and vaginal delivery.7s, 81, 86

Symptoms after childbirth.

Data from the prenatal questionnaire indicated that nearly all the women had

normal bowel function before childbirth. Three women had experienced

occasional faecal incontinence, but this was only with a diarrhoeal illness. Two

women had the occasional inability to control flatus, 4 had symptoms of faecal

urgency and no woman had a history of accidents when going to the toilet. Five

women had a history of urinary incontinence prior to pregnancy, with this

increasing dramatically during pregnancy to 19 (38%) of the 50 women. No

woman took medication that would affect ano-rectal or bowel function and no

woman had previous surgery for colonic or ano-rectal disease.

The literature suggests that incontinence is underreported after childb¡nh. This is

confirmed in this current thesis, Faecal urgency and flatus incontinence were the

more common complaints. ln this study new symptoms of pelvic floor dysfunction

at 6 weeks postnataly were common, being seen in 10 of the 50 women (2O"/"). All

who developed symptoms had a vaginal delivery. Seven women had faecal

urgency or incontinence and 3 women had urinary urgency or incontinence.

These symptoms were transient and at 6 months no woman continued to have

symptoms. Therefore any symptoms related to childbirth, even in the presence of

a documented sphincter injury to the muscle or pudendal nerve, were mild and

transient.

No third degree tear occurred in the women in this study and hence this variable

was unable to be analysed as a factor in the development of symptoms or the
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outcome of a sphincter defect or increased pudendal nerve terminal motor

latency. Both delivery with the aid of forceps and ventouse extraction were rare

events, occurring in 4 and 5 women respectively, This did not permit adequate

analysis of these two obstetric variables.

Both the symptomatic and the asymptomatic women had a significant reduction

in the squeeze pressure at 6 weeks with the symptomatic women having slightly

worse results with a greater reduction in the pressure. Resting pressure was

significantly reduced in the asymptomatic women but not the symptomatic women.

This is a perplexing result and reflects the small numbers in the cohort of women

with symptoms.

On history alone therefore there was significant evidence of damage to the anal

sphincter mechanism. To further measure the dysfunction to the anal sphincter

mechanism, resting and squeeze pressures were quantified by anal manometry

and this could be analysed with respect to the birth data and other variables from

the obstetric records.

Anal Manometry and Birth Data

Anal manometry testing at 6 weeks after delivery revealed that there was a

statistically significant reduction in the resting pressure and squeeze pressures

after vaginal delivery compared to before delivery. Such a decrease was not

evident in the women having a Caesarean section. This indicates that this

reduction in pressure was due to the delivery and not the pregnancy.

1) Resting Pressure

When tested with multiple regression analysis for obstetric factors it was found

that for resting pressure no factor such as the type of delivery (vaginal or

Caesarean), epidural, episiotomy, birth weight, head circumference and length of

the second stage of delivery independently influenced the reduction in the
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pressure.

2) Squeeze pressure

For squeeze pressure the type of the delivery (vaginal or Caesarean) was the

only statistically significant independent variable effecting the reduction in the

pressure. There was an association (not statistically significant) for the squeeze

pressure to be influenced by the weight of the baby and the use of epidural. As

the weight of the baby increased there was a tendency for the squeeze pressure

to be reduced, The use of an epidural was associated with a tendency to reduce

the squeeze pressure. This most likely reflects that 25 (68%) of the 37 vaginal

deliveries were with an epidural and it was the fact that the woman in delivering

vaginally caused the reduction in the squeeze pressure and not the presence or

absence of the epidural. However use of an epidural may be associated with a

prolonged degree of pushing with the second stage of labour or by effecting

perineal sensation increased damage may be done to the anal sphincter

mechanism. Epidural however did not influence the presence or absence of a

sphincter defect on testing with anal ultrasound.

Two previous studies describe of low resting or squeeze pressure after vaginal

delivery.81,106 These authors compared the result postnataly to that of controls

and women having Caesarean section. Prenatal manometry was not done in

either study, therefore it was not possible to evaluate the changes in anal function

that occurred in each individual woman as a consequence of the delivery, Cornes

et a|106, showed that the effect of delivery was to reduce anal canal mucosal

sensation, Their study did not incorporate anal ultrasound or pudendal nerve

terminal motor latency testing. Snooks et a181, studied the effect of vaginal

delivery on anal sphincter innervation using pudendal nerve terminal motor

latency and single fibre EMG and showed evidence of pudendal neuropathy.
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However anal ultrasound was not performed in this study and the impact of

possible sphincter defects would have been unrecognised.

After vaginal delivery why should there be a reduction in the resting and

squeeze pressures? As discussed in the introduction the resting pressure is

largely a function of the internal anal sphincter and the squeeze pressure of the

external anal sphincter. A reduced resting pressure may be due to an anatomical

disruption to the internal anal sphincter muscle or denervation of the muscle.

Denervation of the internal anal sphincter is unable to be adequately tested for

and could not be assessed in this study. A reduced squeeze pressure may be

accountable for by a sphincter defect to the external anal sphincter or injury to its

nerve supply. Sphincter defects can be assessed with anal ultrasound and

pudendal neÌve terminal motor latency is a means of testing for denervation to the

external anal sphincter. Other factors such as muscle fatigue after the "arduous"

efforts of labour, which may remain even at 6 weeks after the delivery, and injury

to the pelvic floor and perianal supporting and connective tissues may also

account for the reduced pressures after delivery.

Anal sphincter defects in this study were only seen in the those having a vaginal

delivery and were common, effecting 41"/" oÍ the women. This ís comparable to

the result of Sultan et al58 who investigated 79 primiparous and 48 multiparous

women with anal ultrasound before and after vaginal delivery. In Sultan's study

none of the nulliparous women had a sphincter defect prior to delivery and 28

(35%) had a defect postnataly. For the multiparous women 19 (40'/.) had a

sphincter defect prior to the subsequent delivery and 21 (41%) postnataly. They

concluded that the risk of sphincter damage was greatest during the first vaginal

delivery as the primiparous incidence of a sphincter defect was comparable to
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that of multiparous women before delivery and only a slight increase in the

incidence of the multiparous women was seen with their second or subsequent

delivery. The most common defect seen was to the internal anal sphincter. There

was a statistically significant relationship between the development of faecal

urgency or incontinence and the presence of a sphincter defect. External

sphincter damage occurred only in the presence of a tear or episiotomy. Forceps

delivery was significant associated with the development of a sphincter defect. Of

10 women delivering with the aid of forceps 8 had a sphincter defect.

This study differed from that of Sultan in several aspects. ln contrast I found that

epidural, episiotomy and perineal tear did not influence the presence or absence

of a sphincter defect, but that an external sphincter defect could occur in a normal

vaginal delivery where there had been no injury (tear or episiotomy) to the

perineum. Another major difference was that the most common defect revealed

was to the external anal sphincter. Given the anatomical arrangement of the anal

sphincters (see introduction), with the external anal sphincter being closer to the

vagina it is easier to understand how this sphincter may be more susceptible to

damage than the internal anal sphincter. Three (20%) of the 15 women with a

sphincter defect had faecal urgency or incontinence postnataly. Four women had

a forceps delivery, but none had evidence of a sphincter defect.

The resting and squeeze pressures at 6 weeks were significantly reduced in the

women in the presence or absence of a sphincter defect.

The physiological significance of a sphincter defect must be questioned as so

few women had symptoms related to this defect and the pressures were reduced

in the presence or absence of a defect. Not all the women with a sphincter defect

may be symptomatic in the future. lndeed the incidence of a sphincter defect was

far greater than the prevalence of faecal incontinence cited in population

studies.45,52 The type of defect seen on ultrasound may have a great impact on
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the its physiological consequences. For example defects to the external anal

sphincter that are broad (Photos 8, 9 and 12) and complete (present throughout

the length of the anal canal) are possibly more likely to effect function than defects

that are focal in their width (Photos 10 and 1 1) and only effect the proximal portion

of the sphincter with the remaining sphincter muscle being intact, To examine

such a suggestion greater numbers of each category of defect are required than

was possible in this study,

The mechanism of injury from childbirth to the pelvic floor is from the direct

compression of the fetal presenting part as well as the the downward pressure

from the maternal expulsive efforts. These forces could stretch and distend the

pelvic floor and anal sphincter. The mechanism of a sphincter defect to the

external anal sphincter may be from the extension of tears or episiotomies to the

muscle. These may be falsely interpreted as being first or second degree and not

involving the sphincter muscle (third degree). How an isolated defect occurs to the

internal anal sphincter or to the external anal sphincter in the absence of a tear or

episiotomy is more difficult to explain. This may be a stretching injury to the

muscle tissue which tears, in the absence of injury or tear to the skin and

connective tissues, if the muscle is the weaker tissue.

The effect of pudendal nerue terminal motor latency

An increased pudendal nerve terminal motor latency was a common finding

(62%) in this study, The results of the pudendal nerve terminal motor latency test

found no significant difference in those having an emergency Caesarean section

or a vaginal delivery indicating that increased pudendal nerve terminal motor

latency seems to be dependent on the descent of the babies head into the pelvis

(when it is engaged) causing perineal descent or direct pressure on the nerve.

This occurs in women who labour yet deliver by Caesarean section.
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The squeeze pressure at 6 weeks was significantly reduced in the women with

both normal and prolonged pudendal nerve terminal motor latency,

The resting pressure was reduced in the women who had an increased

pudendal nerve terminal motor latency indicative of pudendal neuropathy. The

women with a normal pudendal nerve terminal motor latency had no significant

reduction in the pressure. There was a tendency for this to occur and given

greater numbers of women in the study such a change may well have been seen

in both groups. Damage to the pudendal nerve would theoretically weaken the

external anal sphincter and not the internal anal sphincter. lt is the internal anal

sphincter that is mostly responsible for the resting pressure. Why then should

there be a reduction in the resting pressure with an increased pudendal nerve

terminal motor latency? This effect must be due to other dependent variables such

as muscle fatigue or weakening of the tissues that structurally support the

sphincter.

At 6 weeks the was no correlation between the pudendal nerve terminal motor

latency result and the resting or squeeze pressure. There was no significant

difference in both pressures in the women with or without a prolonged pudendal

nerve terminal motor latency. The pudendal nerve innervates the pelvic floor and

the external anal sphincter. Injury to the nerve therefore should effect the function

of these muscles. This then should be reflected in the function of the muscle by

reducing the squeeze pressure. Such a correlation was not shown and does

question the validity of the tests pedormed or the physiological significance of an

increased pudendal nerve terminal motor latency.

Several studies have indicated the potential for pudendal nerve damage during

de|ivery.58,81,82,83,84,86,106 Our study has shown that such delay in

conduction appears to have little physiological importance and moreover the

delay in conduction recovers with time. There was no correlation of the nerve
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latency and the resting and squeeze pressures. These results were the same

even in the presence or abscence of a sphincter defect.

ultrasound were normal.

ln this cohort of women vaginal delivery was associated with a reduction in the

resting and squeeze pressures, but not Caesarean section. This finding is similar

to that of Sultan et a187, who reported on the effect of pregnancy on anal sphincter

morphology and function by performing anal ultrasound during pregnancy and at

6 weeks after Caesarean section. No alteration was seen in the muscle thickness

on ultrasound before and after delivery. There was no significant difference in the

resting or squeeze pressure before and after Caesarean section. However in this

study, pudendal nerve terminal motor latency was not measured and the authors

did not differentiate between elective or emergency Caesarean section. Such

differentiation may be important as with emergency Caesarean section the foetal

head does enter the pelvis and there is potential for a stretch injury to occur to the

pudendal nerves.

At 6 weeks a statistically significant reduction was seen in the squeeze pressure.

This was seen in women who from the anal ultrasound and the pudendal nerve

terminal motor latency testing had intact anal sphincters both morphologically and

neurologically,

ln Sultan's paper58, pre and postnatal anal manometry were performed with

anal ultrasound and pudendal nerve terminal motor latency. The resting or

squeeze pressure were significantly reduced after vaginal delivery in both

primiparous and multiparous women and in those women with and without a

sphincter defect. An internal anal sphincter defect on anal ultrasound was

associated with a significantly lower RP compared to those with no such defect.
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Likewise an external anal sphincter defect on anal ultrasound was associated

with a significantly lower squeeze pressure compared to those with no such

defect. An increased pudendal nerve terminal motor latency was not associated

with any reduction in anal pressures, Thirty two of the original2O2 women tested

prenatally had a follow-up evaluation at 6 months (including 17 women

symptomatic for faecal urgency or incontinence). Anal pressures did not improve

in this highly selected group. A significant omission in this study was a description

of the manometric results in women who had both a normal anal ultrasound and

pudendal nerve terminal motor latency.

ln my study the anal ultrasound and pudendal nerve terminal motor latency was

combined to give a more complete view of potential sphincter damage. The cohort

of women described had no measurable injury to the pudendal nerve or the anal

sphincter musculature. lt is probable then, that the stretching of the pelvic

musculature due to the delivery has a direct effect on muscle function. Further

follow-up on this subgroup of women is required to examine whether the effect of

vaginal delivery is permanent or recovers with time. The findings imply that when

defects to the anal sphincter are seen on ultrasound, or increased pudendal

nerve terminal motor latency is recorded after delivery, any changes seen

manometrically can not be solely ascribed to the abnormal findings. These

manometric changes may be due to the effect of vaginal delivery alone.

Recovery with time

There was a statistically significant recovery seen in the squeeze pressure when

this was retested at 6 months. The resting pressure tended to improved but this

did not reach statistical significance. The squeeze pressure significantly

recovered at 6 months even in the presence of an increased pudendal nerve

terminal motor latency or sphincter defect. This indicates that a woman who
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delivers vaginally and has a reduction in the squeeze pressure is exhibiting

recovery of muscle function independent of the delayed nerve conduction or

sphincter defects. The effect of the delivery is transient and by 6 months significant

recovery was seen. There is conflict in other studies of the recovery of the anal

manometry pressures after childbirth. Cornes et a|106, found an improvement in

the anal pressures at 6 months when compared to the result in the immediate

postnatal period. However anal pressures at 6 months remained significantly

lower than that of the controls and those women having Caesarean sectíon.

Snooks et a181, performed anal manometry at 48-72 hours and 2 months

postnataly. The reduced squeeze pressure after vaginal delivery, when compared

to controls persisted when retested at 2 months. Again both these studies lacked

prenatal data and comparison had to be with controls. Sultan et a158, found no

significant improvement in the anal manometry results at 6 months compared to 6

weeks post delivery. This however was a biased group of women who were

followed up at 6 months (17 of the 32 women restudied were symptomatic for

faecal urgency or incontinence).

As well as recovery of sphincter pressures, significant recovery was seen in the

pudendal nerve terminal motor latency at 6 months when compared to that at 6

weeks. This has been reported in other studies of pudendal nerve terminal motor

latency.76,81 The longterm effect of an injury to the pudendal nerue can only be

determined with longitudinal studies over the life-time of the woman. Our

observations although question the actual importance of delayed conduction of

the pudendal nerue in reducing sphincter pressure after childb¡rth.
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CHAPTER 5

CONCLUSION

Childbirth was associated with significant changes in anal function, morphology

and innervation. Sphincter defects were common after vaginal delivery as was

prolongation of pudendal nerve terminal motor latency. An important finding of

this study was that the resting and squeeze pressures were reduced in

association with a sphincter defect and prolonged pudendal nerve terminal motor

latency, but equally so after an uncomplicated delivery with no injury to the

muscle or nerve.

The presence of a sphincter defect or pudendal neuropathy are undoubtably

important in the development of faecal incontinence given the high prevalence of

these findings in these patients, However not all these findings can be of

physiological significance as the population prevalence of faecal incontinence is

around 2"/" wilh higher figures reported in certain patient cohorts such as the

elderly in nursing homes. The assumption that anal sphincter defects or increased

pudendal nerve terminal motor latency are substantial findings can not always be

the case as these will not necessarily go on to cause incontinence in later life. The

only way to determine the true significance of these findings is to pedorm a

longitudinal study in time of primiparous women to determine whether symptoms

subsequently develop. This would involve meticulous documentation of the

details of each subsequent delivery, fufther anal physiological testing after each

delivery and follow-up beyond the childbearing years. Such a committed study

over a 30 or more year period would be very difficult to undeftake.

This study does indicate that attention should be focused on mechanisms

directly effecting muscle (smooth and skeletal) function as a result of childbirth,



141

Our results question the physiological significance of delayed conduction in the

pudendal nerve and also point to varying anatomy of sphincter tears. Larger

studies are required to fully evaluate the size of sphincter tears and anal function.
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4. Anal nerve testing after delivery of baby'

5. 6 month assessment if an abnormality is found'

has/have been explained to me, includ¡ng indications ..of risks; any discomfqrt involved;

anticipation of length of time and the frequency with which the procedure(s) will be performed'

I have understood and am satisfied with the explanations that I have been given'

I have been provided with a written information sheet'

I understand that my involvement in this research project and/or. the procedure(s) may not be of

any direct benefit to meãno that I may withdraw my'consent at any stage without affecting my

iöítt" "i ir," 
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I understand that any payment made to me is simply an expression of gratitude for assistance in

this research Project.

I declare that I am over the age of 18 years'
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DEPARTMENT OF SURGERY ..

BOWBL FUNCTION QUBSTIONNAIRB

DOB: I]RNLIMBER:
NAME:

DATE OF EXAMINATION

1 How often do your bowels move (on average) ?

please circle: More rhan once a day / once a day / Every second day I

Senekot, Metamucil?
Please circle: Never / Occasional / Often / Always

Do you have to strain hard to empty your bowel ?

Please circle: Never / occasiona||y l often / Always

Doyoueverhavetoinsertafingernear.thefrontpassageorbowelto
help the bowel empty ? Yes / No

Do you completely empty your bowels after going to the toilet?

Yes/No
How often do you experience the feeting of incomplete emptying?

Please circle: Occasionally / Often / Always

Do you experience pain in the al?a of the back-passage ?

ptease circle: Nevei / occasionally / often / Always

Do you experience itchiness a¡ound the back-passage ?

ptease circlã: Never / occasionally / Often / Always

' , abdominal (tummy) pain and bloating ?Do you experlence
please ci¡ctè: Never / occasionally / often / Always

Less often

2 Do you take laxatives or suppositories to help your bowels to move eg

-)

4

5

6

7

8



9 Do you have leakage from the bowel' trouble controlling the bowels or

faecal incontinence?
Please circle: Never / Occasional / Often / Always

If so, does this occur only witlì diarrhoea or at other tirnes also?

Please circle: Diarrhoea only / AIso other tirnes

10. Are you able to control wind or flatus? Yes / No

11 Whenyoufeeltheurgetopassabowelmotioncanyoulroldonordoyou
have to go straight a\MaY'

Please circle: Straight away / Able to hold on

Doyoueverhaveaccidentsontlrewaytothetoiletwithyoubowels?
Yes / No

13 . prior to being pregnant did you have any difficulty controlling your

bladder 2

Please circle: Never / Occasionally I Often / Always

Was this with coughing or straining ? Yes i No

Withtlrispfegnancyhaveyouhadanydifficultywithyourbladder?
Yes / No

Have you ever been diagnosed as having any of the following

T2

I4
conditions 2

Please circle

15. Please list all current medications

1) Diabetes
2i Neurological condition e'g' Multiple sclerosis

3) Thyroid condition
4) Bowel condition e.g. colitis irritable bowel.

5) Other condition Specify



16 Have you had a prolapse repair or operation to lmprove bladder control ?

Yes / No Specify

17. I{ave you had any surgery on your bowels ? Yes / No

SPecifY

18 Have you had any surgery on the back-passage ? ( eg for haemolrhoids'

fistula) 2

Yes / No Specify



POST DBLTVBRY

Babies weight

Number of babies

Presentation

Form of delivery Caesarian / Vaginal

of delivery.......""""'

circumference

Gestation_.-

date

IIead
1

2

J

4

5 If caesarian - Elective
EmergencY

Yes / No
Reason
Fetal head descent

Who detivered ( e.g. Consultant , Reg) 't'

+2;+7;0;-1 ;-2

6

1 Epidural Yes / No' Type (cocktail or dense to the pelvic floor)

Specify

8. If vaginal Spontaneous
Aug mentation/Ind u ctio n

Yes / No
Yes / No
Yes / NoForceps

Type

Ventouse
EpisiotomY

Siæ eg Latetal / Median

Yes / No
Yes i No

Degree 1 st ( vaginal mucosa
2nd ( mucosa, Perineal skin, or subcut¿neous

tiss ues)------
3rd ( involvement of anat sphincter and/or anal

mucosa

Tear
Degree lst 

-

Znd 

-

3rd _-

Yes / No

If episiotomy or tear how repaired 2-

L,ength 2nd stage time

Duration of active Pushing ?



9 Incontinence assessment post partum

a) Episodes of incontinence to:

b) Do ePisodes involve

Do you have ?

1. Solid stool
2. Liquid stool
3. Flatus onll'
4- No incontinence

1. Major loss of stool

2. Minor loss of stool

3. Soiling / Staining of underwear

4. Both

1. DailY
2. WeeklY
3. MonthlY
4. Occasional - less than monthlY

Ð How often ?

d) I-evel of interference with daily and social activities

0

Not at all

10
Severe

10

11.

Ð Are. things improving since the birth of your baby Yes / No

Do you have full control of your bladder ? Yes / No

Doyoufindthatyounorm^allyìavelessthan5minutestoreachatoilet
oo""'yoo feel an urge to go ? Yes / No



Dear

Thank you very much for being part of the research conducted here at the F'M'C'

we appreciate youi involvemänt. we wish you and your new family allthe best for

the future. Should you have any questions aóout the ðtudy or your results please do

not hesitate to contact us'

The results to your testing are as follows:

1) Anal pressure studies before delivery -

2) Anal pressure studies after delivery -

3) Anal ultrasound -

4) Nerve tests -

Overall these test show that -

Nick Rieger
C/O Flinders Medical Centre,

Dept. of Surgery

Date I I

Yours SincerelY



39

13

Patient RP1 RP2 RP3
66 83

2

3 86
4 91

91

88
33 48

75
98

'1 38

52
99 97

105

11 120 120
12 118 oâ

98 90

14 98 52
60
87

67

15 65 74
16 95

121 108

19

20
21

22
23

108
79
95 69
94
81

24 127
25
26 84
27 104 104
2A 67
29 106 oÃ

30 88
114
79

JJ

34
35

114
70

61

38
83

40 82

41

42 78

43 80

44 124
45 67
46 94

48
49
50
51

52

53

60
72
71

Table 1. Resting pressure results.

RP 1 = Resting Pressure before delivery.
RP 2 = Resting Pressure at 4 to 6 weeks after delivery
RP 3 = Resting Pressure at 6 months after delivery.



Table 2. Squeeze pressure results.

SP 1 = Squeeze Pressure before delivery.
SP 2 = Squeeze Pressure at 4 to 6 weeks after delivery.
SP 3 = Squeeze Pressure at 6 months after delivery.

304

240

173
282

250
228
256
255
235
177

SP1
140

Patient sP2 SP3
80 106

199 203
216 244
'| 05 108
184 155 150
302 241 21A
259 132 224
'l 52 70
170 189 183
331 283 274
253 234

220
166

286
171

85 122
150 171
144
152 222
192
282
137

192 148
22 256 139
23 154 166
24 314 328
25 134
26 215
27 232 203
28 293
29 225 214

24630 238
31 211
32
33 106
34 149 197
35 283 246
óo 133
37 'l 52 189
38 Refused

209 281

41

42

189
275

't 84 92
131

169
43 159

245 209 211
45
46

239 178 206
220 172 188

47 157

232
182

48 92 171
't 46 110

50 211 74
51 324 20ô
52 278 211
53 236 Refused



Pa Length 1 Length 2 Len gth 3

3 3

3 2.5

4.5 4.5

i No result

1 2.5

No result

2.5

3 3.5 4

5 3 1.5

3 3.5

3 ó 4

4

3.5

3.5

2.5

5

4

2

4

2.5

3.5

13 3.5

14 4.5
15 3.5

16 4.5 i

17

18 2

19 3.5

3.5 3

21

22
23
24
25
26
27

3 3.5

3.5 3.5

5 3

35 4 3.5
5 Refused

3.5

4.5 4.5 4.5

3.5

2.5 2.5

2

ô¿

33
34 3

35
36
37 3.5 3.5

38 3.5 Refused

39 3 3

40 35 3.5

4 3.5

42 3 3

43 2.5 2.5

3.5 3

2.5 2 5

3 3

3 3

3 3

49
50

3.5 4

2.5 3.5

4 4

3.5 3,5

Refused4

Table 3. Length of anal high pressure zone results.

Length 1 = Length of anal high pressure zone before delivery.
Length 2 = Length of anal high pressure zone at 4 to 6 weeks after delivery
Length 3 = Length of anal high pressure zone at 6 months after delivery.



Table 4. Results of PNTML and anal ultrasound.

Left 1; Right 1 = Left and right PNTML at 4 to 6 weeks after delivery.
Ave 1 = Average of left and right PNTML at 4 to 6 weeks after delivery
Left 2; Right 2 = Left and right PNTML at 6 months after delivery.
Ave 2 = Average of left and right PNTML at 6 months after delivery.

43
42
41

25
24

2.3
2.25

16

18

19

20
21

22
23

15

14

13

12

3.25
2.25
2,4
'!,9
2.2
2.1

2.45
1 .85

2
3.2 5

3

1

Pati e nl htl Left 2 U ltrasou n
2.25 Defect

2 2.1 Normal
2.45 Normal

I 3.2 Defect
3.6 5 3.8 3.5

1.77
Normal3.45

2.25 2.5 1.75 Normal
2 Defect

3.3 Normal
Defect2.3 2.7 2.6 2.9 2.75

10 2.6 5 2.83 2.05 2.7 2.38 Normal
11 2.45 2.23 Normal

3.2 5 2.38 Normal
3 3.17 '1.95 Normal

2.65 2.45 2.18
2.23

Normal
3.65 3.03 Normal
1.85 1.83 Normal
2.7 2.45 2.2 2.4 Defect

Normal2.2 2.15
1.93 Normal
2.38 Defect
2.3 Defect

Normal
Normal
Defect

2.2s
2.15

Refused Refused
26 No result Normal
27 2"

23 i

2.08
2.05

Normal
28 Normal
29 , ggs

1 2.55
2.83 2.5 5 1.74 2.15 Defect

30 2.5 Normal
1.88
2.3

Normal
2.25 2.35 Normal
3.55 2.15 2.83 Defect

4
7

2.45 2.5 2.55 Normal
Normal
Normal

2.7

37 2.6 8 Normal
38 Refused
39 1.92 2.21 2.07 Normal
40 2.76 Defect

1 .71 Defect
1.76 Defect

204 I

Normal
44 2.1 1.98 Normal

Normal45 No result i

46 1.97 Normal
NormalNo result No result I No result

2.55 2.29 1.94 2.12 Defect
2.22 Normal
2.06 Defect

51

52
53

2.3 Normal
2.33 i Normal

Refu sed Refused

2.45
2.54
1.6
2.3

2.02



Table 5. Details of delivery.

40
39

27
26
25

16

Patient Delivery : Welgtrt Ep!du¡al ¡ F_q¡ceps ¡ V,e_n19_gse

r...t..
Yes I

Vasin?l i
3520
3800
362 5
3350
31 10

Caesarean
Caesarean Yes

vaglnal
inal Yes

Yes
Yes

Vagjnal
Vaglnq!

Caesarean

2990
3430
31 85

, Vaginql
i Caesarean

361 0
i 3960

Caesarean r 2655
i 285012 Vaginal Yes

13 V 351 0 Yes
14 nal 351 0 5 Yes

Yes
Yes

15 Caesarean 2600
41 40
3895

2

Caesarean Yes
17 veginel

Caesarean
Yes

331 0 Yes
19

20
21

22
23

vesi¡e!
Vaqinal

3490 Yes
3640

VaglnaI 31 70 Yes
V 3570

Va inalitwin s 2470/2260
24 V nal 3 640

Refused Refused Refused Refused
agl 370 5

4230
2950
3460
3660

nal 34.5 ì

28 Vag!nal 33 Yes
Yes29 inal Yes

30 vasine!
ves!nal

Caesarean
377 5 Yes

Yes
Yes Yes

32
33
34
35
36
37
38

4825
Vaginal 362 5
vasinql

Caesarean
37 40 Yes Yes

Yes
356 5 Yes Yes

nal 3550
Refused Refused Refused

Yes
Refused Refused

361 0

41

2960
3110 Yes

42 veslne! i 9_41Þ
Caesarean ' 2790

35.5 Yes
43 34 Yes
44 301 0 35.5 Yes
45 2860 I 34.5
46 2670 32

41 80
48
49
50

51

52
53

Vag!naI
Caesarean

36 30
3720

i Vagjnal

i vesinel
i veginql
i Refused

3690
2990 Yes
3660

3365

Refused Refused Refused



Table 5. Details of delivery.

4

3

Patient lEpisiotom Tea r Grade 2¡d stage time
32

S m
Yes

2

Yes Yes 1s! degte-e
2nd degreg
1st deg¡eg

1çl 9esree

5 Yes
6

7

I
Yes Yes 1st ree 123 Yes

10

11

12

13

14

15

16

Yes
217

Yes Yes 9! dqs ree 112

Yes 37

19 Yes 55
20 Yes 2nd ree 41
21 58
22 Yes 2nd degree
23 115
24 Yes
25 Refused

Yes
Refused Refused

26
27
2A

Yes 1st ree
Yes
Yes Yes

Yes
Yes

72
Yes 123

Yes 2nd deo ree 101
Yes 49

Refused Refused Refused

!st Qe_g¡99
2nd deg¡ee

Refused
39 32
40
41

43
44 Yes
45 Yes 2nd d
46 Yes 1

47
48 Yes 2nd d
49
50 Yes
51 Yes
52 Yes
53 Refused Refused Refused Refused
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