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Summary

There is little information on the effects of therapeutic irradiation on gastrointestinal

function in humans. The aims of the six studies reported in this thesis were to

determine (Ð the acute and subacute effects of therapeutic inadiation on oesophageal,

gastric and intestinal function, (ii) the chronic effects of irradiation on gastric,

intestinal and anorectal function, and (iii) the effects of loperamide-N-oxide in

patients with diarrhoea due to chronic radiation enæritis.

The acute and subacute effects of mediastinal irradiation on oesophageal function

were studied in eight patients (Chapter 3). While most patients experienced

odynophagia and dysphagia during mediastinal irradiation, only three had endoscopic

abnormalities. Irradiation had no significant effect on oesophageal motility or transit

and "oesophageal" symptoms during irradiation may therefore potentially reflect

increased mucosal sensitvitY.

The effects of abdominal and pelvic irradiation on gastric and intestinal function were

evaluated in four studies. In each of these the following aspects of gastric and

intestinal function were evaluated : (a) gastrointestinal symptoms, (b) absorption of

bile acid, vitamin Bl2,Iactose and fat, (c) gastrointestinal transit: gastric emptying,

small intestinal and whole gut transit and (d) intestinal permeability and results were

compared to a control group of 18 normal volunteers. In 30 patients who had received

pelvic irradiation for carcinoma of the cervix between 1 and 6 years previously

(Chapter 4), increased stool frequency was associated with decreased bile acid,

vitamin 812 and lactose absorption and more rapid gastric emptying and small

intesúnal transit. Abnormal gastrointestinal function was demonstrable in29 of the 30

patients, suggesting that it is essentially an inevitable long term sequela of pelvic

inadiation.
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The acute, subacute and chronic effects of abdominal and pelvic irradiation on gastric

and intestinal function were evaluated prospectively in 27 patients (Chapter 5)'

Gastrointestinal function was evaluated before the commencement of' during' and 6 to

8 weeks, 12 to 16 weeks, and I to 2 years following completion of radiation therapy'

During radiation treatment, there was increased stool frequency, decreased bile acid

and vitamin B 12 absorption, increased faecal fat excretion, an increased prevalence of

lactose malabsorption and more rapid small intestinal and whole gut transit. Although

there was improvement in these changes with time, at 1 to 2 years after completion of

irradiation, the frequency of bowel actions was greater, bile acid absorption was less,

and small intestinal transit was more rapid when compared with measurements at

baseline and the control subjects. This study confirmed that abdominal and pelvic

irradiation was usually associated with widespread and persistent effects on

gastrointestinal function-

The chronic effects of abdominal irradiation were evaluated in 15 patients who had

been treated for seminoma of the testis between 2 and 10 years previously (Chapter

6). There was a higher prevalence of gastrointestinal Symptoms and faster gastric

emptying in the patients. while other measurements of gastrointestinal function did

not differ statistically between the two'' groups' at least one parameter of

gastrointestinal function was abnormal in 11 of the 15 patients. Abnormalities in

gastric and to a lesser extent intestinal function therefore occur frequently when

abdominal irradiation is used to treat seminoma of the testis.

The effects of loperamide-N-oxide, the precursor of the peripheral opioid agonist'

loperamide, on gastric and intestinal function was evaluated in 18 patients with

diarrhoea due to chronic radiation enteritis (chapter 7). Each patient was given, in

double-blind randomised order, loperamide-N-oxide and placebo for 14 days,

separated by a washout period of 14 days. On placebo, there was an increased

frequency of bowel actions, reduced bile acid absorption, a higher prevalence of
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lactose malabsorption, and faster small intestinal and whole gut transit in the patients

when compared to normal subjects. Treatment with loperamide-N-oxide was

associated with a reduction in the frequency of bowel actions, slower small intestinal

and total gut transit, more rapid gastric emptying, improved absorption of bile acid

and increased permeability to Cr-EDTA. These results indicate thac (i) diarrhoea

caused by chronic radiation enteritis is associated with more rapid intestinal transit

and a high prevalence of bile acid and lactose absorption' as suggested in both

retrospective (Chapter 4) and prospective (Chapter 5) studies, and (ii) loperamide-N-

oxide is effective in the treatment of diarrhoea associated with chronic radiation

ententN.

The increased frequency of bowel actions observed as a long term effect of abdominal

and pelvic irradiation (Chapters 4, 5 and 7) was not always accompanied by an

increase in stool weight suggesting radiation-induced anorectal injury. The chronic

effects of pelvic irradiation on anorectal function were evaluated in 15 patients with

uterine carcinoma who had received pelvic irradiation between 5 and 10 years

previously. Results were compared with those obtained in 9 normal female volunteers

(Chapter 8). At least one parameter of anorectal function was outside the control

range in 14 of the 15 patients and abnormalities included weakness of the external

anal sphincter, stiffness of the rectal wall and an increase in rectal sensitivity.

Abnormal anorectal function therefore occurs frequently in patients following pelvic

irradiation for gynaecological malignant disease.

The experiments reported in this thesis have yielded important insights into the

aetiology and natural history of common sequelae of mediastinal, abdominal and

pelvic irradiation such as dysphagia, nausea, diarrhoea and faecal incontinence which

have important implications for both diagnosis and therapy'
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CHAPTER 1

Effects of therapeutic mediastinal, abdominal and pelvic irradiation

on gastrointestinal function and approaches to prevention and

treatment of sequelae

Introduction

whilst it is well recognised that damage to the gastrointestinal tract is a major cause

of morbidity when radiation is used with curative intent to treat intra-thoracic and

intra-abdominal malignant diseases (Kwitko et al 1982; Beer et al 1985; Chowhan

1990), there is relatively little information on the effects of therapeutic mediastinal

and abdominal inadiation on gastrointestinal function. Furthermore, the outcome of

treatment of the sequelae of radiation is often unsatisfactory. In this chapter, current

understanding of the pathogenesis of radiation damage to the gastrointestinal tract and

the rationale for approaches to the treatment of common sequelae such as dysphagia'

nausea and diarrhoea is reviewed. Concepts relevant to all areas of gastrointestinal

radiation damage, including the prevention of radiation injury are discussed initially'

before focussing specifically on the diagnosis and treatnent of radiation injuries to the

oesophagus, stomach, intestine and anorectum. Although radiation damage to other

viscera such as liver, pancreas and bladder contributes to the morbidity of abdominal

irradiation, these complications will not be considered, partly because of their rarity,

but principally because the author's studies were not designed to provide novel

information related to these areas-

The mechanisms of radiation damage to the gastrointestinal tract are complex and

poorly understood. Energy dissipated from ionising radiation generates a series of

biochemical events inside the cell which may lead directly to cell damage and death

(Fox & Lajtha lg73). Free radicals, produced by a complex series of chemical

reactions between ionising radiation and intercellular water, also interact with
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deoxyribonucleic acid to prevent replication, transcription and protein synthesis (Sher

er al 1990). Rapidly proliferating cells, such as the mucosal lining of the

gastrointestinal tract, are most sensitive to ionising radiation and therefore manifest

injury earliest, while effects on the less sensitive vascular and connective tissues

evolve more slowlY.

In clinical practice, the effects of therapeutic irradiation on normal tissues are usually

divided into acute and chronic effects, based on the time interval since completion of

irradiation. The acute effects of therapeutic irradiation may be defined as those which

appear either during or within three months of the completion of the course of

irradiation. Chronic effects are those which are evident more than three months after

completion of irradiation (Duncan & Nias 1977). This convention, albeit arbitrary,

will be followed throughout this thesis.

Animal experiments have provided some insights into the pathophysiology of

radiation injury to the gastrointestinal tract. Almost all of these studies have involved

the use of single extremely large doses of radiation, either directed at the entire animal

(Chelmar 1969; Summers et al 1970) or abdomen (Bouckaert 1968), often with lethal

effects. Whilst such studies have provided objective histological data and dose-

response information, the relevance of such observations to the clinical situation

(where small incremental doses are given to limited areas of the body) is uncertain'

The results of animal studies are not infrequently conflicting, such as those relating to

the acute effects of irradiation on gastrointestinal transit (Conrad 1951; Summers et al

1970), which probably ret-l.ects both methodological differences and interspecies

variations in the response to radiation (Conrad 1956; Dorval et al 1985)'

Studies of the effects of radiation on the gastrointestinal tract in humans have hitherto

been dominated by retrospective surgical series, which have focussed on florid

structural sequelae of chronic radiation enteritis, such as strictures and fistulae
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(Phillips & Margoli s 1972; Wellwood & Jackson 1913; Paimer & Bush 19'76)'

Because of the paucity of precise, non-invasive techniques that could be used to

evaluate the effects of irradiation on the gastrointestinal tract comprehensively, mos[

studies have evaluated specific aspects of gastrointestinal function (stryker et al;

Ig77,Stryker et al; 1978, LaManna et al; 1985). It is implicit that the results of such

studies are likely to give only limited insights into the pathophysiology of radiation

injury to the gastrointestinal tract. In view of the substantial deficiencies in

knowledge, it is not surprising that the majority of treatment approaches are ba'sed on

anecdoral evidence (Rauch & wieland l9',72; Goldstein et al 1916; Chowhan 1990)'

During the course of mediastinal and pelvic irradiation virtually all patients

experience symptoms such as dysphagia and diarrhoea, usually during the third and

fourth week of treatment (Seaman & Ackerm an 1957; Stryker et al 1977)' When the

abdomen is irradiated, nausea is also common (Rubin & Casarret 1968a)' These

symptoms usually improve considerably within six weeks of completion of radiation

therapy, but in approximately 20Vo of patients their severity leads to an interruption

in the planned course of treatment (Seaman & Ackerman 1957; Joslin et al I972:

Salminen 1990). The resulting modification in the planned course of treatment has

been implicated as a factor that may compromise the chance of cure (Amdur et al

1990; Barton et al1992; Fowler & Lindstrom 1992; Fyles et aI' 1992)'

The prevalence of chronic radiation enteritis is uncertain, partly because of the

absence of a definition of "significant" damage. Estimates of major complications

ranging from 0- l5Vo have been derived from retrospective surgical series which

usualiy comprise a relatively small number of patients and do not include those

patients who died or were lost to follow-up in the interval between completion of

radiation treatment and the development of the complication (DeCosse et al 1969

phillips & Marjolis l9'l2;Palmer & Bush 1976; Morgenstern et al 1977; Perez et al

1984; Yeoh & Horowitz 1987). One retrospective study of women who had pelvic
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radiotherapy for gynaecological malignant disease suggested that up to ljVo of

patients have a chronic increase in bowel frequency (Newman et al 1973)' It is

therefore likely that data based on surgical series represent a considerable

underestimate of the prevalence of gastrointestinal sequelae-

1.1 SeqUeUr OF ACUTE GASTROINTESTINAL RADIATION DAMAGE

Gastrointestinal dysfunction during inadiation has been usually attributed to transient

injury ro rhe mucosal lining of the gastrointestinal tract (Kinsella & Bloomer 1980)'

Depletion of actively proliferating cells in the villous crypts as a consequence of

radiation damage results in shortening of villi and a reduction in total epithelial

surface (Trier & Browning 1966). It is possible that this mucosal damage, which is

associated with infiltration of the lamina propria by plasma cells and

polymorphonuclear leucocytes in the segment of gastrointestinal tract irradiated, may

be responsible for malabsorption of nutrients such as fat, lactose, bile acid and

vitamin B12 (Reeves et al 1959; Dalla Palma 1968; Stryker et al 1978; Yeoh et al

1984) and symptoms such as diarrhoea, nausea and dysphagia. However, histological

changes resulting from irradiation of the gastrointestinal tract correlate poorly with

symproms (Trier & Brownin g 1966; Nicolopoulos et al 1985; Sedgwick et al 1994)'

Furthermore, malabsorption of xylose and iron have been documented' even though

rhe proximal small intestine is out of the pelvic radiation field (Dalla Palma 1968b).

symptoms and disturbances in absorption may also persist long after histological

abnormalities in the mucosa have apparently recovered (stryker et al 1977; Yeoh et al

1984; Layer et al 1986)-

Alterations in gastrointestinal transit have been reported in patients undergoing

mediastinal, abdominal and pelvic irradiation (Pelu et aI 1964; Reeves et al 1965;

Frankendal & Junghagen 1974; Goldstein et al 1975). For example, during

mediastinal irradiation, it has been reported that there is a delay in propagation of

barium through the oesophagus, with intemrption of the primary peristaltic wave at a
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level corresponding to the proximal border of the radiation field (Goldstein et al

l9'75).In contrast, small bowel transit, as assessed by a barium meal has been

reported to be faster during pelvic inadiation (Frankendahl & Junghagen 1974)' It is

therefore possible that abnormalities in gastrointestinal motility and transit contribute

to symptoms and functionai changes during and immediately after mediastinal and

abdominal ir¡adiation

Radiation could theoretically cause gastrointestinal symptoms by modifying sensory

feedback from the gastrointestinal tract. For example, in patients with chronic,

unexplained upper abdominal symptoms (not induced by irradiation), there is an

increased sensitivity to gastric balloon distension (coffin et al 1994). It is therefore

possible that symptoms such as abdominal cramps and nausea, resulting from

irradiation could reflect disordered sensory feedback from the stomach and/or

intestine. This has not yet been evaluated'

L.2 SEQTIELAEOFCHROMC GASTROINTESTINAL RADIATIONDAMAGE

The florid structural lesions of chronic gastrointestinal injury have been attributed to

damage to the vasculo-connective tissue (Rubin & Casarret 1968b)' and are

characterised histologically by an obliterative endarteritis of the small vessels in the

intestinal wall, submucosal fibrosis and lymphatic dilatation (Wellwood & Jackson

Ig13).It has been postulated that injury sustained by endothelial and connective

tissue is subclinical for an interval varying from a few months to many years' and

leads to progressive ischaemia of the intestinal wall (Rubin & casarett 1968b)'

Mucosal ulceration, necrosis of the intestinal wall and, consequent to this' bleeding'

perforation, stricture and fistula formation may follow (Schofield et al 1986)' Small

intestinal strictures and fistulae are not infrequently associated with small intestinal

bacterial overgrowth which may contribute to malabsorption and more rapid intestinal

transir (Ludgate & Merrick 1985; Zentler-Munro & Bessell 1987)- Abnormalities in

gastrointestinal motility and transit in the absence of Strictures, have also been
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demonsrrated following mediastinal and pelvic irradiation (Miholic et ai 1989;

Seeman et al 1992), and are likely to contribute to chronic radiation sequelae' In

support of this concept, histological evidence of damage to the muscle cells in the

oesophagus (Seaman & Ackerman 1957), changes in neural Stfucture and increases in

the numbers of neuro-endocrine cells have been demonstrated in the bowel wall of

patients with chronic radiation enteritis (Pietroletti et al 1989; Hirschowitz & Rode

1991).

1.3 TREATMENTOF GASTROINTESTINAL SEQUELAE OF RADIATON

The medical and surgical treatment of radiation injury to the intestinal tract is

unsatisfactory.

Rational medical treatment is not possible in most cases because the pathophysiology

is poorly understood and most treatment approaches have accordingly been empirical

or inadequately evaluated. An exception is acetylsalicylate, which in a double-blind

placebo controlled trial, was demonstrated to reduce gastrointestinal symptoms during

pelvic irradiation (Mennie et al 1975). It was speculated that acetylsalicylate reduces

the synthesis of prostaglandins, which may be important in mediating the

inflammatory response in the bowel mucosa- However, the results of subsequent

studies in which other prostaglandin synthetase inhibitors such as ibuprofen were not

effective in reducing either gastrointestinal symptoms (Stryker et al 1979) or mucosal

damage (Nicolopoulos et al 1985) argue against this hypothesis'

Although diarrhoea in chronic radiation enteritis has been reported to respond to anti-

spasmodics, anti-cholinergics, broad spectrum antibiotics, cholestyramine, and drugs

used in the management of inflammatory bowel disease, such as corticotrophin gei

and sulphasalazine with or without oral predisone, (MacDonald & Hoyt 1956;

Goldstein et al I976; Heusinkveld et al 1978), experience with these measures have

been anecdotal.
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The diagnosis of chronic structural radiation damage to the gastrointestinal tract can

be difficult. patients may present many years after radiaúon therapy and the detection

of gastrointestinal damage is often delayed because of poor sensitivity and specificity

of available methods of investigation. For example, small bowel contrast radiological

studies are not only frequently normal, but also often underestimate the extent of the

disease process (Mason et al 1970; Ludgate & Merrick 1985). Clinical features may

be attributed to recurrent malignant disease (Schofield et al 1983). As a result patients

often present with a serious complication such as intestinal obstruction, perforation or

bleeding.

Surgical treatment of chronic gastrointestinal radiation injury is fraught with

difficulties since the patient is often malnourished, the radiation damage usually

widespread, and breakdown of intestinal anastomoses and wound healing are both

problematical (Lindahl1970; Dencker et al 1971; Schrock et aI 1973; Wellwood &

Jackson 1973; van Nagell et al I974; Morgenstern et al 1971; Kwitko et al 1982;

Galland & spencer 1985). Galland & Spencer (1985), in a study of 70 patients with

chronic entero-colitis reported that 11 of the 61 patients who underwent operations on

the affected intestine died of causes related to the operations, such as perforation of

bypassed bowel, fistula formation and anastomotic stenoses. In addition, 50Vo of the

patients who survived more than three months had persistent symptoms, the majority

of which were related to radiation treatment. After operation for chronic radiation

gasrrointestinal radiation injury, wound healing is frequently delayed and prolonged

parenteral feeding may be necessary. As a result of these difficulties, the patient's

general condition should be optimised prior to any planned surgical procedure - if

possible, to overcome the adverse effects of chronic malnutrition, sepsis and

electrolyte imbalance on post-operative recovery including wound healing' Any

operation should only be undertaken after careful consideration of the clinical

condition of the patient and the extent of radiation damage.
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I.4 PREVENTION OF GASTROINTESTINAL RADIATION SEQUELAE

In the last decade, there has been increased interest in the prevention of radiation

enteritis. Based on fluoroscopic assessment of the amount of barium filled small

intestine fixed in the pelvis and retrospective analyses of patients who have had

abdominal irradiation, patient characteristics associated with an increased risk of

radiation injury to the gastrointestinal tract have been identified (DeCosse et al 1969;

Maruyama et aI 1974; Loludice et al 1977; Kwitko et al L982; Green et al 1983)'

Hypertension and diabetes mellitus have been implicated in the development of

severe chronic radiation enteropathy (DeCosse et al 1969 Maruyama et al 1974) but

this is controversial (Loludice et al 197'7; Kwitko et al 1982)' Previous abdominal

surgery (Loludice et al 1917) and pelvic inflammatory disease (van Nagell et al 1977)

have also been reported to be predisposing factors for severe chronic radiation injury'

This increased risk may be due to adhesions, resulting in fixation of loops of small

intestine within the pelvis. In support this concept, Green et al (1983) showed that

fixation of the small intestine was evident in 30 of 46 (65Vo) patients with prior pelvic

surgery compared with only 7 of 39 (I8%) patients without prior pelvic surgery' A

similiar study has not been performed for pelvic inflammatory disease but van Nagell

et aI (1977) has proposed that localized reactive changes in serosal vessels associated

with pelvic inflammation may be an important aetiological factor in radiation

enteropathy. However, carr et al (1984) demonstrated by microradiological studies of

radiation bowel disease that intramural, rather than serosal microvascular compromise

was an important factor in its natural history. It is likely, therefore, that patients with

pelvic inflammatory disease are predisposed to severe chronic radiation enteropathy

as a result of fixation of intestinal loops in the pelvis by serosal adhesions rather than

through ischaemic changes in the bowel wall'

Two retrospective studies which have related the prevalence of chronic radiation

bowel injury with the severity of acute radiation enteritis, suffer from a number of

methodological inadequacies including inadequate follow-up and the inaccuracies
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inherent in characterising acute radiation sequelae retrospectively, rather than

according to a previously agreed protocol. For example, in the larger study involving

1390 patients treated for carcinoma of the cervix, onty 784 were evaluable for late

bowel complications (defined as intestinal strictures, fistulae' adhesions' perforation

and coliús), since the remainder were not able to be followed up for logistical reasons

(Bourne et al 1983). Only those patients who had severe acute radiation enteritis'

defined as intestinal obstruction, ileus, or Symptoms Severe enough to necessitate

intravenous fluid replacement, were analysed. Although the risk of developing a late

bowel complication was increased by a factor of 2.7 in those patients characterised as

likely to have severe acute radiation enteritis (8.27o bowel complication) compared

with those patients in whom severe acute radiation enteritis was absent (3'0E" bowel

complication), this is likely to be an underestimate. In support of this in the smaller

study of 410 patients who had received high dose radiotherapy for carcinoma of the

cervix, radiation bowel complications (defined as intestinal obstruction, fistulae and

chronic diarrhoea) developed in26 (42.67o) of. the 61 patients who suffered moderate

to severe acute radiation enteritis, compared with 38 (1l.2Vo) of the 340 patients

whose acute radiation enteritis was considered to have been mild or absent (Kline et al

Ig72). Although not reported, a chi-squared comparison between the complication

rates in the two groups show that the differences afe significant (p < 0'01)'

The prevalence of chronic radiation enteritis has also been related to the extent of the

radiation field and, presumably the amount of the intestine which has been irradiated

(Piver et aI 1977;Wharton et al 1977; Withers et at, 1977)' For example' Wharton et

al (1977) related bowel complications such as small and large bowel obstruction'

intestinal perforation and fistulae in patients inadiated for carcinoma of the cervix to

the extent of the radiation field. The larter was determined by biopsy evidence of

involvement of the pelvic and para-aortic nodes. 56 patients with negative biopsies

received pelvic irradiation only, whilst 40 patients with involved pelvic nodes had
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their radiation field extended to include the fourth lumbar vertebrae and the 24

patients with common iliac and /or aortic nodal metastases had their pelvic radiation

field extended to include the twelve thoracic vertebrae. The corresponding radiation

bowel complication rate was I lVo,I5Vo and33Vo (Although not reported, p < 0'05 for

a 3 x 2chi - squared comparison). withers et al (1977), who treated 45 patients with

carcinoma of the rectum post-operatively found only one bowel complication

(necrosis of the posterior rectal wall) in 33 patients who had pelvic irradiation but four

of the 12 patients who had abdominal and pelvic irradiation developed intestinal

obstruction. A chi - squared comparison of the complication rates in the two Sroups,

although not reported, indicate that the differences were statistically significant (p <

0.01). Maj.gr limitations of both studies are that both were non-randomised and

involve relatively small patient numbers. In addition, since the extent of bowel

exposure was not quantified in either study, the increased complication rate cannot be

attributed with certainty to an increased amount of small bowel within the radiation

field. Moreover, since multi-variate analysis of the results was not carried out, other

factors such as the extent of surgery, could have contributed to the increased

complication rate. Strockbine et al (1970) performed radiation dosimetry on all their

patients, and demonstrated that the bowel complication rate(defined as fistulae,

sigmoiditis and rectal ulcer) increased with total radiation dose beyond 30.00 Gy'

Daily incremental dose, however was found not to be a risk factor for bowel

complications (Bourne et al 1983), but this result may be attributable to the narrow

range of incremental doses (2.00-2.30 Gy) used and the relatively small number of

complications.

Although the importance of all the above risk factors have not been verified by

prospective studies, in most centres patients considered at increased risk of smail

intestinal injury have had their radiation treatment modified. When the risk of small

intestinal radiation injury is unacceptably high, avoidance of irradiation is sometimes

advised, especially if there is a viable alternative treatment modality, such as in
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operable carcinoma of the cervix. Attempts have been made to displace mobile loops

of bowel out of the pelvic radiation field, either by exploiting the effect of bladder

distension (Green et al 1983; Gunderson et al 1985; Gallagher et al 1986), (Fig 1'1),

or using an omental or absorbable mesh sling in the pelvis to hold small intestine out

of the radiation field (Deluca & Ragins 1985; Rodier et al 1991). In relatively fixed

parts of the gastrointestinal tract, such as the oesophagus and rectum, where the latter

approach is not possible, the use of computerised assisted radiation planning, with

multiple cross-firing radiation fields has made radiation treatment more precise and

enabled the radiation dose to parts of the gastrointestinal tract to be minimised.

Although some studies utilising these approaches have reported a decrease in

gasrrointestinal symptoms during abdominal irradiation (Green, 1983; Gallagher et al

1986), in all cases the study design was suboptimal and, in particular, none 'ù/as

randomised. Furthermore, it is well documented that the absence of gastrointestinal

symptoms during abdominal irradiation does not preclude later "serious"

gastrointestinal complications (Kline et al1972; Bourne et al 1983).

1.5 EFFECTS OFT}IERAPEUTIC IRRADIATIONONOESOPHAGEALFLINCTION

1.5.1 Acute effects

Prevalence

Mediastinal irradiation is commonly employed in the treatment of intra-thoracic

malignant diseases, such as bronchogenic carcinoma and Hodgkin's lymphoma'

During the course of mediastinal irradiation, symptoms such as substernal burning

and dysphagia are almost inevitable (Roswit et al I972)'

Animal studies

In animals, the histological changes in the oesophagus resulting from therapeutic

irradiation have been evaluated using single large doses of radiation (Jennings &

Arden 1960; Northway et al, 1980). Jennings & Arden (1960) evaluated the effects of

a single massive dose of 30.00Gy (3000rads) to the oesophagus of the rat- At 4 days
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Figure 1.1 Barium small bowel meal showing the amount of small intestine in

the pelvis without (above) and with (below) bladder distension.

Less small intestine is exposed to the effects of therapeutic pelvic

irradiation with bladder distension during treatment. (Yeoh).
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there was submucosal oedema associated with a leucocyte infiltrate. At 6 days

mucosal necrosis with loss of the superficial epithelium was evident, which

progressed to sloughing of the necrotic epithelium that was maximal at 10 days'

Regeneration of the epithelium began at 14 days and complete reepithelialization had

occurred by the 25th day. At this time, moderate submucosal fibrosis was apparent

which persisted. At 6-12 weeks, small oesophageal diverticulae, which were

considered to result from defects in the muscle wall secondary to muscle necrosis,

were prominent.

The severity of radiation induced oesophagitis (in laboratory animals) can be reduced

by prophylactic adminstration of cyclooxygenase inhibitors such as indomethacin and

sodium meclofenamate (Northway et al 1980; Ambrus et at 1984; Tochner et al

1990), possibly by reducing the inflammatory response mediated by prostaglandins on

the oesophageal mucosa. This notion is supported by Northway et al (1980), who

found that oesophagitis as assessed by endoscopy, histology and barium oesophagram

was most severe in opossums which received irradiation and prostaglandin E-2 (PGE-

Z) by subcutaneous injection, compared with control animals, whilst indomethacin-

treated (also adminstered by subcutaneous injection) opossums showed either no or

only mild signs of oesoPhagitis.

Northway et aI (1979) also studied the effects of a range of single large doses of

irradiation (15 - 22.5 Gy) to the oesophagus in 4 opossums with 2 animals serving as

controls. Preirradiation, hbreoptic endoscopy, mucosal biopsy, double contrast barium

oesophagraphy, and manometry were performed. Postirradiation, fibreoptic

endoscopy was evaluatÇd once only, a week following completion of irradiation, but

barium oesophagraphy and intraluminal manometry were repeated biweekly and

monthly respectively until the animals were sacrificed at 8 months following

completion of irradiation. Alt 4 opossums had endoscopic signs of oesophagitis,

characterised by erythema, exudate, and areas of mucosal ulceration, associated with
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histological evidence of inflammation in mucosal biopsies, a week following

completion of irradiation. Double contrast barium oesophagrams also showed

evidence of mucosal ulceration. The severity of macroscopic mucosai damage was

related to the dose of radiation. Motility changes on barium oesophagram were also

apparently related to the radiation dose, being evident only in the animal receiving the

highest radiation dose, and were demonstrable 4 weeks following irradiation. These

changes consisted of incomplete peristalsis associated with impaired propulsion of the

column of barium through the oesophagus and non-peristaltic tertiary contractions

distal to disruption of the primary wave. Manometric abnormalities were also

documented only in this animal. Although the lower oesophageal sphincter (LOS)

appeared to show progressive failure of relaxation in response to induced swallowing'

beginning I month post-irradiation, the apparatus used for recording LOS pressures

did not incorporate a sleeve sensor (Dent I976) tolerant of longitudinal axial

movement during swallowing. It is possible therefore, that descent of the recording

assembly into the sromach with swallowing may have led to falsely high LoS

pressures. This finding may have been misinterpreted as failure of the LOS to relax'

on the other hand, the abnormal motor activity of the oesophageal body in response

to balloon distension of the upper oesophagus evident at eight weeks post-inadiation,

is likely to have been a true effect of mediastinal irradiation. These results suggest that

the oesophageal mucosa in opossums is more sensitive to the effects of single doses of

mediastinal irradiation than the muscular and or neural tissues but the effects on the

latter are more persistent (v.i-).

Human studies

There is surprisingly little information relating to the effects of fractionated

mediastinal irradiation on oesophageal structure and function' In 20 patients

undergoing mediastinal inadiation for carcinoma of the lung, Seaman & Ackerman

(Ig57) reported that while oesophageal symptoms occurred in all patients who had

received fractionared doses of irradiation (of the order of 20.00Gy-25.00Gy (2000-
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2500rads) in 2 weeks to 40.00Gy-45.00Gy (4000-a500rads) in 4 weeks), barium

swallows, were normal except for the occasional demonstration of fine serrations of

the margin of the barium column. The absence of radiotogical abnormalities in this

study may be attributable to the relative insensitivity of single barium contrast studies

in demonstrating mucosal abnormalities (Laufer,1979). However, in a more recent

study of 14 patients irradiated for carcinoma of the lung, the majority showed either

no histological evidence of oesophageal damage or focal mucosal change's three

weeks after commencing mediastinal irradiation (Nicolopoulos et al 1985)- The less

severe mucosal damage observed in human when compared with animal studies is

likely to be attributable to recovery which has been shown to occur between doses of

radiation when it is fractionated (Belli et aI 1961).

In contrast to the low prevalence of mucosal abnormalities, prolonged oesophageal

transit of a radioisotopically labelled water bolus has been reported in the majority of

patients undergoing mediastinal irradiation (LaManna et al 1985)' Although the

degree of dysphagia during mediastinal irradiation did not correlate with radionuclide

transit, the findings of this study suggest that disordered motility occurs frequently

during mediastinal irradiation. It is not known whether the delayed transit represents a

disturbance of primary or secondary oesophageal peristalsis (Kendall et al 1987).

Treatment

The treatment of symptoms, such as dysphagia, during mediastinal irradiation has not

been adequately evaluated. Dietary modification is often necessary to maintain

nutrition, as patients may only be able to tolerate a soft diet. Avoidance of alcohol and

tobacco is still advocated, along with the prescription of metoclopramide (Chowhan

1990). The rationale of these measures is based on the assumption that the underlying

major mechanism of radiation oesophagitis is the same as that previously attributed to

reflux oesophagitis, viz., defective basal lower oesophageal sphincter (LOS) tone

(Fisher et al7977). However, as it is now known that the predominant mechanism of
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symptomatic gastrooesophageal reflux is transient LOS relaxation (Dent et al 1988),

this assumption is no longer tenable. Topically acting anaesthetics, such as viscous

lignocaine or oxethazine, are commonly prescribed, and apparently effective in

relieving odynophagia (Vanagunas et al 1990). Although the mechanism of action of

topically acting anaesthetics on radiation induced oesophagitis has not been

elucidated, it is possible that they increase the sensory threshold to luminal stimuli.

More severe pain induced by swallowing has been attributed to oesophageal spasm

and an uncontrolled study has suggested that the calcium channel blocker, nifedipine

may be beneficial (Finkelstein 1986). For persistent severe symptoms, shielding the

oesophagus at the level of the cricopharyngeus muscle from the effects of irradiation

whilst continuing mediastinal irradiation has been advocated (Rubin & Casarett

1968a), but this approach is of unproven benefit and may potentially compromise cure

by shielding tumour. A double-blind placebo controlled trial of indomethacin

administered to patients undergoing mediastinal irradiation for bronchogenic

carcinoma failed to document histological improvement to the damaged oesophagus

although clinically significant improvement occurred in the indomethacin treated

group of patients who had milder gross endoscopic findings and symptoms

(Nicolopoulos et al 1985). The most likely explanation for the discrepant findings in

the human and animal subjects is that the radiation dose given in the animal studies

(Northway et al 1980; Ambrus et al 1984; Tochner et al 1990) was several orders of

biological magnitude greater than that absorbed by human subjects and that the

mucosal damage in the latter may not have been severe enough for any improvement

resulting from indomethacin to be apparent. The dose of indomethacin used in the

human experiments was relatively less, and this may also have contributed to the lack

of effect.

Conclusions

The pathogenesis of symptoms such as dysphagia during mediastinal irradiation is

poorly understood. Data from animal studies which show early florid mucosal lesions
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and motility changes after recovery of the mucosal damage, contrast with limited data

from human studies demonstrating minor mucosal changes associated with apparent

prolongation of oesophageal transit. Mucosal damage and delayed oesophageal transit

do not however, correlate with symptoms in human studies. Since there have been no

manometric studies performed to evaluate the effects of mediastinal irradiation, the

underlying motor correlates of possible changes in oesophageal transit have not been

documented. As a result, current approaches to the treatment of oesophageal

symptoms during mediastinal inadiation is largely based on anecdotal observations.

1.5.2 Chronic effects

Prevalence

The prevalence of chronic radiation damage to the oesophagus is uncertain'

Retrospective studies, based on small numbers of patients, suggest that the risk of

strictures due to chronic radiation damage to the oesophagus is dose dependent, with a

prevalence of between 5 and 507o (Phillips & Margolis 1972). These f,rgures represent

crude approximations because of the small patient numbers and the exclusion of

patients who died since completing mediastinal irradiation (e.g. the majority of

patients with bronchogenic carcinoma die within 2 yeats of completing radiation

therapy). In a study of 30 patients with persistent dysphagia 3 - 18 months following

mediastinal irradiation, only 5 patients had oesophageal strictures on barium

oesophagram, but all had disordered oesophageal motility (Goldstein et al 1975,

discussed in Section 1.1). It is likely therefore that disordered oesophageal motility

occurs frequently as a long tenn complication of radiation therapy' However, there

have been no longitudinal studies of oesophageal function following mediastinal

irradiation to establish the prevalence of radiation sequelae in unselected patients.

Animal studies

Northway et al (1979) reported changes in oesophageal motility evaluated by barium

oesophagraphy and manometry, up to eight months following a range of single large
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radiation doses to the oesophagus of 4 opossums (experimental protocol as detailed in

Section 1.5.1 Acute effects, Animal studies). At eight months morphological changes,

consisting of luminal narrowing and thickening of the wall of the oesophagus

associated histologically with focal necrosis of the muscularis mucosa and deep

muscles of the oesophagus, were evident only in the animal receiving the highest

radiation dose. In contrast, barium oesophagraphic evidence of impaired motility was

noted in all animals except the one receiving the lowest radiation dose. Although

these abnormalities improved in two of the 3 opossums between three and four

months after irradiation, the motility changes persisted in all 3 animals up to eight

months and was most marked in the animal receiving the highest radiation dose.

Reported manometric abnormalities of peristalsis in response to balloon distention of

the upper oesophagus and decreased LOS relaxation were related to radiation dose.

Abnormal motor responses to balloon distension occurred only in the two animals

receiving the higher radiation doses. The time of appearance and disappearance of

these changes varied with the radiation dose in these two animals, appearing earlier

(eight weeks versus fourteen weeks post-irradiation) and persisting longer (fourteen

weeks versus eight months) in the opossum receiving the highest radiation dose. The

animal receiving the highest radiation exposure to the oesophagus was also observed

to show progressive decrease in relaxation of the LOS during induced swallowing

from 1-5 months after irradiation beyond which time LOS pressure values could not

be determined. However, as discussed in Section 1-5.1 (Acute effects, Animal

studies), this observation is likely to have been an artefact inherent in the

methodology.

Human studies

Seaman & Ackerman (1957) were the first to document the marked histological

changes in the muscle and submucosa of the oesophagus occurring in patients

irradiated for bronchogenic carcinoma, consisting of submucosal thickening and

degenerative changes in the muscle, with minimal changes in the blood vessels.
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Although rhe most frequent radiological abnormality in patients with persistent

oesophageal symptoms following mediastinal irradiation was abnormal motility

(Goldstein et al 1975), the manometric correlates of these motility changes have only

recently been reported (Seeman et al 1992).In the recent study, three patients with

dysphagia 3-30+ years after mediastinal inadiation and with no radiological evidence

of oesophageal strictures underwent oesophageal manometry (Seeman et al 1992)'

The manometric assembly consisted of pneumohydraulically infused catheters

attached to pressure transducers and a recording system. The catheters had three distal

radially orientated sideholes for measurement of LOS pressure and leads with

sideholes 5 and 10 cm proximally for assessment of motility in the oesophageal body.

Low amplitude contractions in the oesophageal body in response to swallowing were

found in two out three patients, and there was absence of peristalsis in one of these.

Based on histological changes in muscle reported previously (Seaman & Ackerman

lgsl),it was postulated that the motor abnormalities resulted, at least in part' from

direct radiation injury to muscle. The possibility that mediastinal irradiation could

damage neural mechanisms, such as the local neural reflex mediating secondary

peristalsis, has not been evaluated.

Treatment

Rational treatment of chronic dysphagia in the absence of oesophageal strictures

following mediastinal irradiation is not possible since its pathogenesis is uncertain-

Strictures of the oesophagus resulting from mediastinal irradiation require frequent

dilatations. In one series, an average of 2.5 dilatations were required in 5 months to

provide relief of dysphagia (o'Rourke et al 1988). In the radiation damaged

oesophagus, there is a high risk of perforation and careful endoscopic placement of

guide-wires with radiological assistance is mandatory. Treatment of bleeding,

perforation and fistula formation is usually conservative with blood transfusions,

broad spectrum antibiotics and hyperalimentation. Resections of the damaged
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oesophagus using colon transplants have been done, but are rarely advocated because

surgery of the irradiated mediastinum is extremely hazardous.

Conclusions

Animal and human studies suggest that disordered oesophageal motility occurs

frequently as a chronic sequela of mediastinal irradiation and may be responsible for

symptoms such as dysphagia occurring in the absence of strictures. Although damage

to the muscle in the wall of the oesophagus has been implicated, the possibility that

neural damage may also contribute to motility changes has not been investigated. The

possibility that oesophageal symptoms could result from abnormal sensory feedback

has also not been examined. It is therefore not surprising that treatment of chronic

oesophageal symptoms following mediastinal irradiation is at present unsatisfactory.

1.6 EFFECTS OFTIIERAPEUTIC IRRADIATIONONGASTRICFUNCTION.

1.6.L Acute effects

Prevalence

Abdominal with or without pelvic irradiation is often used either solely or as an

adjunct to surgery in the curative treatment of lymphomas, testicular cancer (mainly

seminoma), ovarian carcinoma and, occasionally, endometrial carcinoma. During the

course of fractionated radiation therapy to the abdomen, nausea and vomiting occur in

approximatsly 50Vo of patients @riestman et aI 1987; Yeoh et al 1993).

Animal studies

Engelstadt (1g3g) reported the histopathological changes in the stomach of rabbits in

response to both single and up to four fractionated doses of radiation. The radiation

dose effects were observed over a range of between L.2L2 and 43.60 Gy* for single

doses in contrast to the naffower range of 29.10 to 43.60 Gy* spread over intervals

varying between 3 days and 1 month for the fractionated doses. Whilst mucosal

hyperaemia was observed with single doses as low as I.2I2 and2.425 Gy+, gastric
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ulcers localised to the lesser curvature could only be predictably induced by 14'55

Gy* and above. The macroscopic and microscopic features of these radiation-induced

gastric ulcers were similiar to peptic ulcers and became evident between two and four

weeks of irradiation in the majority of the animals. However, free perforation into the

peritoneal cavity and haemorrhage from these ulcers occurred frequently, accounting

for a 50Vo mortality rate in the animals receiving 14.55 Gy* and greater than 907o

fatality rate among the animals in which absorbed dose of radiation was 29.10 Gy*.

Although gastric ulcers were as reliably caused by fractionated irradiation as single

doses of radiation of 14.55 Gy* and above, the associated histological changes wero

less marked and mortality rates were also lower, particularly in the animals in which

the intervals between doses of radiation were prolonged. Although the results of this

study give some information about the morphological response of the stomach to

fractionated doses of radiation, the data from this study is of limited value since the

individual dose fractions are several orders of magnitude larger, and the time intervals

between them quite different from those which are used clinically-

In contrast, much of the current understanding of the aetiology of radiation-induced

vomiting in clinical practice is largely derived from animal experiments. It is evident

from recent experiments that peripheral "gastric" mechanisms are important in the

aetiology of vomiting due to radiation, even though vomiting is controlled centraliy.

The control of vomiting involves two regions of the hind brain, the chemoreceptor

trigger zone (CTZ) in the area postrema in the floor of the fourth ventricle and the

vomiting centre located in the brainstem (Westbrook et al 1987). Whilst the concept

of a vomiting "centre" is useful for the purposes of discussion, it is clear that the

anatomical substrate involves a number of functional areas within the brainstem,

including the reticular formation, the nucleus tractus solitarius, the dorsal motor vagal

nucleus and somatic nuclei, rather than a discrete entity (Andrews et al 1988). These

anatomical areas within the brainstem coordinate the complex sequence of somatic
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and autonomic events involved in emesis, such as licking, opening the mouth,

contraction of the intercostal muscles and diaphragm, salivation, tachycardia, pallor,

relaxation of the proximal stomach and retropropulsion of the gastric contents- The

vomiting centre is the hnal common pathway for emetic stimuli. Stimuli from higher

centres, emotion, smell and taste, raised intracranial pressure and the vestibular

apparatus act directly through the vomiting centre, whilst emetic drugs, including

chemotherapeutic agents and metabolic disturbances, such as irradiation, probably

cause vomiting by stimulating dopaminergic, alpha-adrenergic, histamine H1 and H2,

peptide and opiate receptors (Atweh & Kuhar 1977) within the area postrema of the

fourth ventricle i.e., the CTZ. This concept is supported by observations that vomiúng

after whole body inadiation is abolished by surgical resection of the CTZ in dogs and

by rhermal coagulation of the CTZin monkeys (Chinn & Wang L954;Bnzzee 1956).

Shielding of the CTZ from the effects of whole body inadiation does not, however,

prevent vomiting (Chinn & Wang L954).It has also been demonstrated in dogs and

monkeys that vomiting induced by whole body irradiation is accompanied by

suppression of gastric emptying(Dubois et al 1984; Dorval et al 1985)- In rats, (a

species which does vomit), irradiation of the upper half of the abdomen suppresses

gastric emptying (Hulse 1966). Dubois et al (1984) have proposed that whole body

and abdominal irradiation cause vomiting by stimulating the CTZ indiectly through

peripheral afferent nerve activation, or the release of emetogenic substances such as

metenkephalin (Cooper & Mattsson 1979), histamine (Barc & Alexander 1961) and

dopamine(Westbrook et al 1987) from the upper small bowel. The suppression of

gastric emptying accompanying abdominal and whole body irradiation in animals, is

thought to be mediated through vagal nuclei, as a result of stimulation by impulses

originating in the CTZ pubois et al 1984). The anti-dopaminergic drug, domperidone

has been found to suppress vomiting, but not the retardation of gastric emptying due

to irradiation in dogs (Dubois et al 1984), suggesting that the two effects of radiation

are independent of each other, or that the dopamine receptors involved in the two

effects have different sensitivity thresholds. The observation that whole body
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irradiation induces vomiting after complete excision of the stomach, small intestine

and colon in dogs (Conrad 1956) favours the former possibility. In contrast to dogs

Dorval et al (1985) found that domperidone had no effect on either vomiting or gastric

emptying in monkeys, which may be attributable to species differences in the emetic

response.

Evidence that peripheral afferent nerve stimulation is important in the pathogenesis of

radiation-induced emesis comes from experiments in ferrets in which the emetic

response to a variety of oral and systemic agents, including whole body irradiation'

was evaluated before and after dorsal and ventral truncal vagotomy (Andrews et al

1988). Vomiting, and to a lesser extent retching, were inhibited by vagotomy

implicating the abdominal vagus in the triggering of vomiting. Experiments involving

selective electrical stimulation of abdominal vagal afferent fibres from the

gastrointestinal tract have established that afferents from the upper gastrointestinal

tract are mosr sensitive to emetic stimuli (Andrews et al 1990). This probably

accounts for the clinical observation that upper half body irradiation is associated with

a greater frequency and severity of nausea and vomiting than lower half body

irradiation (Fitzpatrick & Rider I976; Danjoux et al 1979). It has been postulated that

mucosal receptors respond to emetic stimuli by releasing 5 hydroxytrpytamine (5 HT)

which causes discharge from afferent fibres (Newson et al 1982). This is a plausible

explanation for the observation that in the ferret, vomiting induced by whole body

irradiation can be reduced or abolished by both abdominal vagotomy and 5 HT-3

receptor antagonisrs (Andrews & Hawthorn 1987; Andrews et al 1988; Andrews &

Davidson 1990).

There have been few animal studies employing radiation dose regimes similiar to

those used clinically. Following the demonstration that gastric emptying was slowed

in animals exposed to single dose irradiation (Conrad 1956;Bouckaert 1968; Chelmar

et al 1969; Summers et al 1970), it was assumed that abdominal inadiation when used
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in humans clinically produced the same effect. Scintigraphic measurements of gastric

emptying of a isoropically labelled liquid meal in mice exposed to two different

fractionated doses of abdominal irradiation (2.50 and 5.00 Gy up to total doses of

40.00 Gy each), showed that gastric emptying did not slow in response to the lower

fractionated dose regime, even up to a total radiation dose of 40.00 Gy (Frankendal

lg1.3). As the lower radiation dose regime is comparable to that used in clinical

abdominal irradiation, the results of this study caution against extrapolating data from

animal experiments utilising single radiation doses to the clinical situation.

Human studies

Low total doses of fractionated abdominal radiation therapy of the order of 14-55-

15.52 Gy* delivered over I0-2I days have been reported to reduce gastric acid and

pepsin secretion (Doig et al 1951; Goldgraber et al 1954). Serial biopsies of the

gastric mucosa after irradiation of the stomach showed a poor correlation between

morphological changes and suppression of hydrochloric acid and pepsin secretions.

For example, a fall in gastric secretion, particularly of hydrochloric acid, preceded any

histological evidence of mucosal damage. Although the continued suppression in acid

secretion was associated with a reduction in the number of parietal cells and

increasing degenerative change in them, the reduction in secretions persisted even

after the mucosal changes had recovered.

In contrast, the effects of higher doses of fractionated irradiation in the order of 40 -

45 Gy over 4-5 weeks, such as that used clinically for the treatment of abdominal

malignant disease, is poorly documented. Clinical studies have focussed on factors

which may influence the prevalence and severity of radiation induced emesis

(Fitzpatrick & Rider L976; Westbrook et al 1987; Roberts & Priestman 1993) and it

has been established that the size of the radiation field, the radiation dose per fraction,

site of irradiation, age and possibly anxiety are all important. For example, total body

irradiation (used in conditioning patients with malignant disease for bone marrow
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transplantation) presents the greatest emetic challenge flMestbrook et al 1987; Roberts

& Priestman 1993), and patients receiving single doses of 6 Gy or beyond are more

likely to vomit than those receiving doses of 2 Gy or less per fraction (Danjoux et al

1979; Priestman et al 1987; Roberts & Priestman 1993). Children less than 10 years

of age tolerate whole body irradiation better than older children and adults, which

may reflect lower levels of anxiety (Westbrook et al 1987).

The effects of abdominal irradiation on gastric motor function have not been

adequately documented. In particular, gastric motor function has usually been

evaluated with barium contrast fluoroscopy which is both inaccurate and non-

physiological (Embring & Mattson 1966). For example, reports of accelerated gastric

emptying (Korneeva 1963) and antral dysmotility (Rubin & Casarett 1968a), have

both involved barium contrast radiology of the stomach. As yet there have been no

studies of gastric motility using more optimal techniques, such as scintigraphy.

The possibilty that nausea and vomiting associated with abdominal irradiation arises

from abnormal sensory feedback from the stomach or small intestine has also not

been evaluated. This would require the use of more invasive techniques (Coffin et al

1994).

Treatment

Since nausea and vomiting frequently occur within two hours of abdominal

irradiation, patients are often advised to fast several hours before treatment (Salazar et

al 1978; Westbrook et al 1987) but the efficacy of this approach has not been

evaluated. The medical treatment of nausea and vomiting during abdominal

irradiation has previously relied on conventional anti-emetic drugs, such as

metoclopramide and prochloperazine, but control of symptoms can be expected in

only about 50% of patients receiving fractionated radiation therapy (Priestman et al

1987). Recent randomised studies suggest that the 5 HT-3 antagonist, ondansetron is
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more effective than metoclopramide in controlling vomiting following single high

radiation dose exposure to the upper abdomen in patients (Priestman et al 1990) and

more effective than prochloperazine in control of emesis induced by fractionated

radiotherapy (priestman et al 1993). One of the criticisms of these studies was that the

doses of the conventional anti-emetic drugs, metoclopramide and prochlorperazine,

prescribed were sub-optimal compared with the doses used in chemotherapy-induced

emesis (Marty et al 1990) and that control of symptoms with higher doses of

metoclopramide may be more comparable. However, at high doses metoclopramide

also acts as a 5 HT-3 recepror antagonist (Fozard & Mobarok Ali 1978) and its use in

high dosage is limited by an increased prevalence of extra-pyramidal side-effects such

as dystonia.

Conclusioru

Evidence largely from animal experiments supports the concept that indirect

stimulation of the cTZ through peripheral afferent vagal nerve stimulation occurring

as a result of release of 5-HT from the gastric mucosa is important in the aetiology of

nausea and vomiting during abdominal irradiation. Although disordered gastric

motility has been reported as a result of abdominal irradiation in humans, its

prevalence is uncertain and the relationship between gastric dysmotility and

symptoms has not been evaluated-

1.6.2 Chronic effects

Prevalence

Retrospective studies have reported a 6-9 Vo prevalence of peptic ulceration and a

lesser, but unspecified, prevalence of a variety of gastrointestinal complications

including "dyspepsia" as long term effects of therapeutic abdominal irradiation

(Goldstein et aI 1975; Hamilton et al 1986; Coia & Hanks 1988; Fossa et al 1989)'

Friedman (Ig52), reported a higher prevalence of radiation injury to the stomach in a

total of 200 patients with testicular cancer who had received para-aortic and pelvic
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nodal irradiation at least 5 years previously. The analysis was based on data obtained

at autopsy (65 patients) and detailed clinical examination including barium contrast

fluoroscopy of the stomach and gastroscopy (135 patients). Radiation dyspepsia,

defined as epigastric symptoms with no demonstrable gastric morphological

abnormalities, occurre d in l87o of patients whilst the 7 4% of patients characterised as

having radiation gastritis had symptoms associated with radiological and/or

gastroscopic abnormalities such as permanent strictures of the antrum, loss of gastric

rugal folds and in some cases mucosal atrophy. Gastric ulcers occurred ín 657o of.

patients and in 297o of. cases these were associated with perforation or obstruction.

The much higher prevalence of radiation-induced gastric lesions, particularly ulcers,

in this study is probably a function of the higher radiation doses delivered which

rangedfrom24.25to62.08Gy*comparedwith25.00-45.00Gyinamorerecent

study (Coia & Hanks 1988). In support of this, the prevalence of all radiation gastric

lesions including ulcers in Friedman's study (1952) was directly related to radiation

dose. For example, whilst the prevalence of all radiation gastric lesions increased

from 20Vo in patients who received,24.25-32.98 Gy to 63Vo of those in whom the

absorbed dose of radiation was 53.35 Gy or more, the corresponding prevalence of

gastric ulcers increased fromTTo to347o-

Animal studies

In contrast to the innumerable experiments on the acute effects of radiation on the

stomach, there have been no animal models of chronic radiation injury'

Human studies

Gastroparesis, characterised by gastric stasis, atony, and dilatation with postprândial

nausea and vomiting in the absence of mechanical obstruction of the pylorus or

duodenum has been reported following abdominal irradiation for testicular seminoma

(Layer et al 1986). In this case report, gastroduodenoscopy showed a dilated stomach

with abnormal retention of gastric contents, but normal gastric mucosa and no
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evidence of gastric outlet obstruction. Barium meal fluoroscoPy confirmed marked

gastric dilatation associated with absent peristalsis in the antrum and prepyloric region

even though vigorous peristaltic contractions were observed in the fundus and corpus.

Gastric manometry showed absence of antral pressure activity for 8 hr in the fasted

state with no response to intravenous metoclopramide. In contrast, intramuscular

adminstration of the cholinomimetic drug, carbachol stimulated antral motility and

gastric emptying. The suggestion that antral hypomotility was caused by abdominal

irradiation is plausible since the gastric antrum, but not the fundus or corpus, is within

the radiation field for testicular seminoma (Friedman 1952). The prevalence of

disordered gastric motility after abdominal irradiation is however, unknown-

Treatment

Treatment of chronic sequelae of abdominal irradiation, such as dyspepsia in the

absence of peptic ulceration, is based on anecdotal experience. For example, although

the reported success of the cholinomimetic drug, carbachol in improving gastric

emptying in gastroparesis due to abdominal irradiation has been attributed to a local

transient deficiency of acetylcholine release in the antral neuromuscular synapses

(Layer et al 1986), no neuropharmacological studies have been performed to support

this concept.

Conservative treatment of radiation-induced gastric ulcers with dietary modification,

antacids and anti-cholinergic drugs such as propantheline has been advocated in the

past (Hamilton 1947, Rubin & Casarett 1968a). However, the rationale for the use of

these measures is questionable, since there is no evidence that they contribute to

healing of gastric ulcers generally and drugs with anticholinergic properties could

exacerbate any associated gastroparesis. The lack of evidence that drugs which

suppress gastric acid secretion, such as ranitidine and omeprazole, are useful in the

treatment of radiation-induced gastric ulcers is not surprising since achlorhydria is a

well documented effect of gastric irradiation (Doig et al 1951; Goldgraber et al 1954).
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Although the majority of radiation-induced gastric ulcers have been reported to heal

with conservative treatment (Hamilton L947), marked antral stenosis due to

submucosal fibrosis persists (Friedman 1952; Goldstein et al 1975). For this reason

partial gastrectomy is usually performed with re-anastomosis of the stomach remnant

with small intestine beyond the duodenum, since the duodenum is likely to show the

effects of inadiation and faulty healing of the anastomosis is likely to ensue if the

stomach remnant is re-anastomosed to the duodenum (Rubin & Casarett 1968a).

Complications of radiation gastric ulcers, such as bleeding and perforation, require

emergency surgery after blood transfusion and/or intravenous fluids.

Conclusions

The pathogenesis of chronic sequelae of abdominal irradiation is poorly understood.

Mucosal changes are often minimal or absent. Although gastroparesis and symptoms

such as dyspepsia have been reported following abdominal irradiation, the prevalence

of disorders of gastric motility and their relationship to symptoms such as dyspepsia

have not been evaluated.

*Absorbed dose in tissue expressed in Gy is derived by multiplying exposed dose in

air expressed in Roentgen in the original experiments by a factor of 0-0097-

T.7 EFFECTS OF THERAPEUTIC IRRADIATON ON INTESTINAL FI]NCTION.

1.7.1 Acute effects

Prevalence

Acute radiation enteritis cha¡acterized by diarrhoea with or without abdominal cramps

is almost inevitable during the course of curative pelvic irradiation for common

gynaecological and urological malignant diseases, such as carcinoma of the cervix,

endometrium and urinary bladder (Yeoh & Horowitz,I9S'7)-
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Human studies

The rectum, sigmoid colon and a varying amount of small intestine are included in a

standard pelvic radiation field for curative treatment of malignant disease (Kinsella &

Bloomer 1980). Diarrhoea during abdominal and pelvic irradiation has been attributed

to a transient protocolitis (Carr et al 1984), but damage to the distal small intestine,

particularly the terminal ileum, also contributes to the pathogenesis of diarrhoea

(Kinsella & Bloomer, 1980). As the small intestine is more sensitive to irradiation

than the rectum, the major component of dia¡rhoea during pelvic irradiation is likely

to be of small intestinal origin.

Small intestinal dysfunction may lead to diarrhoea by a number of mechanisms- There

may be the loss of absorptive surface due to mucosal villus atrophy. Fat

malabsorption is associated with the passage of abnormally large amounts of long

chain fatty acids and bile acids into the colon where bacteria convert them into highly

laxative compounds, which increase colonic secretion and propulsion. Small intestinal

mucosal injury may also result in active sscretion of ions into the intestinal lumen-

This leads to a net movement of fluid into the small bowel lumen even during fasting,

resulting in watery diarrhoea. Malabsorption of protein and carbohydrates, such as

lactose, causes diarrhoea by the osmotic effects of these nutrients within the small

bowel lumen resulting in the retention of water . When the volume and rate of ileal

effluent reaching the colon exceeds its capacity to salvage nutrients through bacterial

fermentation into fatty acids and gas, diarrhoea results. Faster intestinal transit (both

small intestinal and colonic) by reducing the time available for absorption of nutrients

and electrolytes may also contribute to diarrhoea (Dalla Palma 1968; Yeoh et al

1984).

Studies which have attempted to characterise the effects of irradiation on small

intestinal function have generally involved techniques which are inaccurate and/or

non-physiological. For example, bile acid absorption has been evaluated by the C-14
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cholylglycine breath resr (Stryker et al 1977) and by radioimmunoassay of the glycine

conjugates cholic and chenodeoxycholic acid (Stryker & Demers 1919). The C-14

cholylglycine breath test has been used without concomitant measurement of faecal

C-14 activity (Newman et al l9't3). The latter is required because an abnormal breath

test may reflect either small intestinal bacterial overgro'\¡/th or accelerated small

intestinal transit (Heaton lgl'1). Radioimmunoassay of glycine conjugated bile acid

also does not accurately reflect ileal absorption, since passive diffusion may occur in

the jejunum and colon (Hislop et al 1967). A more recent study (Yeoh et at 1984)

employed the synrhetic bile acid, Se-75 labelled homotaurocholic acid (SeHcat),

which has been shown to behave like the naturally occurring bile acid, cholic acid

and, as a taurine conjugate, is not absorbed by passive diffusion. SeHcat is therefore

closer to an ideal marker of ileal function (Ferraris et aI 1986).

Evaluation of gastrointestinal transit by quantification of the movement of barium

sulphate suspension through the gut is non-physiological and inaccurate (Embring &

Mattison 1966). More recent techniques to measure gastrointestinal transit using

radio-isotopicalty labelled test meals are more physiological. More rapid gastro-caecal

transit of a technetium-99m labelled liquid lactulose-containing meal has been

reported in patients during the fourth week of conventional pelvic irradiation

(LaManna et al 1985), but only the arrival of the meal at the caecum was assessed.

Without concomitant breath hydrogen measurements, it is not possible to verify meal

arrival at the caecum by scintigraphic techniques since overlap of terminal ileum and

the caecum may occur (Read et al 1986). By incorporating radio-opaque markers, it is

now possible to measure whole gut and small intestinal transit as well as gastric

emptying accurately (Read et al 1980). Using scintigraphic techniques, mean rates of

small intestinal rransit can be derived (Read et al 1986). Although scintigraphic and

breath hydrogen analysis of a radio-isotopically labelled non-absorbable carbohydrate

meal can now be combined (Read et al 1986), no studies have evaluated
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gastrointestinal transit during abdominal and pelvic irradiation using these newly

developed techniques.

The possible contribution of secretory changes to diarrhoea during and after radiation

therapy has not been assessed. This is not surprising because there is no satisfactory

test to evaluate intestinal secretion at present (Morris & Turnberg 1919).In particular,

24-hour stool collections are cumbersome and inaccurate in the presence of diarrhoea,

whilst prolonged fasting only provides a qualitative assessment of secretory diarrhoea.

Animal studies

There have been few animal studies employing radiation dose regimes similiar to

those used clinically. Furthermore, the results of studies which have evaluated small

intestinal motility after single large doses of radiation to the whole abdomen or whole

body are conflicting (Summers et al 1970). In a more recent experiment in 5 dogs

(Summers et al 1992| the whole abdomen was irradiated with doses of 9.38Gy on

four separate occasions two weeks apart to determine the effect of repeated doses of

radiation on jejunal myoelectric activity and morphology and also to ascertain if any

changes persist. Recordings of jejunal myoelectrical activity by means of bipoiar

electrodes sutured to the serosa of the jejunum at laparotomy twere made before, three

to four days and ten to eleven days after, each radiation exposure. Histological

changes in the mucosa, submucosa, muscularis propria and myenteric plexus were

evaluated at post-mortem performed 4 weeks after the last radiation exposure. At ten

to eleven days after the first radiation exposure, the animals had recovered completely

from the acute radiation syndrome characterised by anorexia, occasionai vomiting and

diarrhoea, and the myoelectrical abnormalities recorded three to four days after the

first radiation exposure had disappeared. These transient alterations in myoelectrical

activity consisted of slow waves of highly variable configuration and irregular

rhythm, with frequent uncoupling and reduction in spike burst activity, duration, and

length of migration, in association with disruption of the migrating myoelectric
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complex. After subsequent radiation sxposures, persistent diarrhoea and profound

weight loss occurred, and the abnormalities in jejunal myoelectric activity recorded

after the first exposure persisted, even though histological abnomalities were mild- It

was suggested that disordered myoelectrical activity was likely to be associated with

disordered propulsion and contribute to impaired nutrition. However, neither

intestinal transit nor absorption were evaluated. Furthermore, although the radiation

doses were fractionated the individual dose increments used were approximately five

times larger than those employed clinically .

The effects of two (2.50 and 5.00 Gy) different fractionated doses of abdominal

irradiation (to total doses of up to 40.00 Gy) on small intestinal propulsion of a

radioisoropically labelled liquid meal in mice has been reported (Frankendahl 1973)-

The lower of these two fractionated dose regimes is more comparable to normal

clinical radiotherapeutic practice and was associated with faster small intestinal transit

in those animals who had absorbed a total radiation dose of 30-40 Gy. The

underlying motor abnormalities responsible for more rapid small intestinal transit due

to irradiation has only recently been evaluated (Otterson et al 1988; Otterson et al

Igg2).In dogs fractionated abdominal irradiation led to a dramatically increased

incidence of giant migrating and retrograde giant contractions in the fasted state

(Otterson et al 1988), (Figsl.2a). In contrast, postprandial small intestinal contractile

activiry decreased being most marked in the ileum (Otterson 1992), (Fig1.2b).

Atthough it was proposed that radiation accelerates the overall transit of intestinal

contents because giant migrating contractions are probably highly propulsive

(Otterson I9g2), this remains uncertain since the flow of intestinal contents was not

evaluated.
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Three giant migrating contractions (GMCS) originating in the

duodenum on the day of the seventh fractionated dose of

radiation. The nurnbers on the left-hand side indicate the distance

(in centimetres) of strain gauge transducers (SG, used for

recording circular muscle contractions) from the pylorus. The first

two GMCS migrated to the ileocolonic junction but the third

stopped at 130 cm from the PYlorus.

(Reprorluced with permission from Otterson et al 1988)'
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Postprandial contractile activity 130 min after a 650-kcal solid

meal: (A) prior to receiving irradiation; (B) following 22.50 Gy

radiation administered in 9 fractions over three weeks. The

numbers on the left-hand side indicate the distance (in

centimetres) of the strain gauge transducers from the pylorus on

the small intestine (SI). SI-15 is on the duodenum, SI-120 and -

210 are placed on the jejunum and SI-3(Ð and -350 are on the

ileum. Note the marked decrease in frequency, amplitude, and

area of contractions, particularly in the ileum.

(Reproduced with permissionfrom Otterson et al 1992).
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Treatment

Acute radiation enteritis is often treated with anticholinergic drugs, opiates, or both.

Although reported to be effective (Chapaux et al 1974; Geginat et al 1978), there have

been no randomised placebo-controlled studies to evaluate efficacy. Patients with

symptoms refractory to anti-diarrhoeal medication may respond to the bile salt

Sequestrating agent, cholestyramine, although such reports are also anecdoctal

(Condon et al 1978). However, in a recent double blind placebo controlled trial oral

sucralfate reduced the frequency of defaecation and improved stool consistency in

patients undergoing pelvic irradiation for urological malignant disease (Henriksson et

al i,992). The efficacy of the sucralfate was attributed to its ability to bind to either

intestinal mucosa and/or bile acids thereby protecting the gut from the irritant effects

of luminal enzymes and bile acids. However, there is no evidence that irradiation of

the small intestine in the clinical setting results in ulceration of the mucosa- It is

unlikely that sucralfate will bind to the same extent to intestinal mucosa as gastric

ulcers (Nagashima, 1981). Furthermore, although sucralfate has been shown to bind

bile acids in vitro, in vivo binding is pH dependent and occurs predominantly in an

acidic environment (Tanghoj et al 1985). It is therefore also improbable that sufficient

binding of bile acid occurs in the alkaline intestinal contents to account for the

efficacy of sucralfate in the treatrnent of diarrhoea induced by radiation'

Although randomised prospective studies have evaluated the efficacy of elemental

diets in reducing the prevalence and severity of radiation-induced diarrhoea (Bounous

et al 1975; Douglass et al 1978; Brown et al 1980), they suffer from the criticism that

the magnitude of the placebo effect cannot be determined since in all cases their

design was nor double blind. In the first study (Bounous et aI I97 5), 18 patients who

underwent radiotherapy for malignant disease of the abdomen and pelvis were

randomised to receive either a semi-hydrolysed elemental diet, or an isocaloric normal

diet. Only one of the 9 patients in the elemental group developed diarrhoea, in

contrast to six of the 9 patients in the group receiving a normal diet. The diarrhoea
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which occurred in the one patient in the elemental diet group was mild and readily

controlled by medication, whilst the course of radiation treatment was interrupted in

three patients in the normal diet group due to severe diarrhoea. Interestingly, when

these three patients began the elemental diet, ten days after discontinuation of

radiation treatment, two were able to tolerate further treatment. In addition,

improvement in radiation-induced diarrhoea in the elemental diet group was

associated with abolition of a dec¡ease in body weight and serum protein levels. In

contrast, other studies (Douglas et al I978 Brown et al 1980) have found no effect of

elemental diets on the tolerance to radiation therapy. These discrepant results may

partly reflect the different composition and palatability of the diets used. For example,

over half the patients randomised to the elemental diet in one of the studies which

failed to show a beneficial effect, did not take the diet for the whole course (Brown et

al 1980). Although it is not possible to exclude a placebo effect in the first study, it is

unlikely that this factor alone could have contributed to such a marked difference in

effect favouring the elemental diet. The effect of total parenteral nutrition (TPN) in

improving tolerance to radiation therapy of the abdomen, pelvis or both, has been

assessed in three studies (Solassol et al1979; Kinsella et al 1981; Donaldson et al

1982).In both the studies on adult patients (Solassol et aI 1979; Kinsella et al 1981),

interruptions to the planned course of radiation treatment because of gastrointestinal

side effects occurred in less (sometimes none) patients randomised to receive TPN,

when compared to patients who received a normal diet. For example, Solassol et ai

(1979) found that only 8 out of 42 (19Vo) patients in the TPN arm had their radiation

treatment schedule interrupted compared with 20 out of 39 (5IVo) patients in the

"controls". In the third study in children, 7 of l1 (6480) patients receiving TPN

maintained or improved their nutritional status, compared with only 2 of 11 (L87o)

patients receiving a normal diet. This difference was statistically significant (p <

0.05). In contrast, there rù/as no difference in tolerance of radiation therapy, whether

evaluated by actual radiation dose received or of unplanned alterations in the

scheduling of radiation therapy, bet'ù/een the two groups (Donaldson et al 1982). The
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most likely explanation for the differences in findings in this experiment, compared

with the results of the studies in adults, is the lower radiation doses employed in the

paediatric study. In support of this, radiation therapy was not interrupted because of

gastrointestinal side effects in either group in the latter study.

Conclusions

Whilst diarrhoea during therapeutic abdominal and pelvic irradiation is mainly

associated with small intestinal dysfunction, the relative importance of various

pathogenetic mechanisms such as malabsorption of nutrients and bile acids, faster

intestinal transit and secretory changes has not been established.

1.7.2 Chronic effects

Prevalence

As discussed in Chapter l, Introduction, the prevalence of chronic radiation injury

after pelvic irradiation is uncertain.

Human studie.s

There are many potential mechanisms for diarrhoea in chronic radiation enteritis

including malabsorption of bile acids and fat (due to damage to the terminal ileum,

surgery, or small bowel bacterial colonisation), malabsorption of lactose, alterations

in small intestinal and colonic transit and proctocolitis. Clearly, these factors are not

mutually exclusive. Clinical studies have provided limited insights, either because the

investigations have either not been comprehensive enough to evaluate the various

pathogenetic mechanisms, or the tests used have been suboptimal. Newman et al

(1973) reported that 16 of 17 unselected patients who had pelvic radiotherapy 7-26

years previously had malabsorption of bile salts, including all 12 patients with

diarrhoea- However, as absorption of bile acid was assessed by the C-14 cholylglycine

breath test without faecal measurements of C-14, it is possible that rapid small

intestinal transit or small bowel colonisation contributed to these results. In this study,
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8 our of 11 small bowel x-rays were abnormal, with thickened ileal mucosal folds (5

patients), dilated small intestinal loops (2 patients), and failure of the ileum to retain

barium (1 patient). Evaluation of small intestinal morphology v/as not performed in a

study of vitamin 812 and bile acid absorption in26 patíents presenting with persistent

diarrhoea following pelvic irradiation (Ludgate & Merrick 1985). Vitamin 812 and

bile acid absorption were measured simultaneously by evaluating whole body

retention of orally administered doses of Co-58 labelled vitamin B 12 and Se-75

labelled homoraurocholic acid (SeHcat). Thirteen patients had bile acid malabsorption

but normalBl2 absorption, two patients had vitamin B12 malabsorption but normal

bile acid absorption, whilst three patients had malabsorption of both and eight patients

had normal absorption of both bile acid and vitaminBl2 (Fig 1.3). Breath hydrogen

measurements after an oral glucose dose were performed in the two patients with

isolated vitamin Bl2 malabsorption, and these were elevated, indicative of small

intestinal bacterial overgrowth. As breath hydrogen testing was not done in all

subjects, the overall prevalence of small intestinal bacterial overgtowth could not be

determined. Small intestinal bacterial overgrowth may arise as a result of stagnation

of luminal contents, such as in small intestinal strictures, or because of bacterial

contamination of the lumen of the small intestine by colonic bacteria as in entero-

colic fistulae. Although SeHcat has been shown to be more resistant to bacterial

deconjugatioir in humans when compared to the naturally occurring taurocholic acid

(Ferraris et al 1986) faster small intestinal transit, by reducing the time available for

absorption, may have contributed to reduced retention of SeHcat (Schiller et al 1987;

Sciarretta et al 1987). Small intestinal transit was, however, not measured in this study

of Ludgate & Merrick (1985).

More rapid small intestinal and colonic transit has been implicated as a factor

conrributing to diarrhoea and bile acid malabsorption in a study of small bowel

function after surgery for chronic radiation enteritis (Miholic et al 1989). Bile acid,

vitamins B12 and D absorption, orocaecal transit and small intestinal bacterial
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overgrowth were evaluated in ten patients after ileal resection for radiation injury, six

patients suffering chronic post-irradiation diarrhoea and six patients who had

undergone ileal resection for other reasons. Although most patients suffered diarrhoea

after ileal resection, there was no correlation between the severity of diarrhoea and the

extent of ileal resection. In particular, the six patients with the most extensive ileal

resections performed for other indications had the least severe diarrhoea whilst

diarrhoea was most severe in the ten patients who had ileal resections for radiation

injury. Those patients who had undergone ileal resection for radiation injury also had

faster orocaecal transit when compared to patients with post radiation diarrhoea and

those who had undergone resection for other indications. The lack of correlation

between diarrhoea and macroscopic bowel injury in the patients with radiation injury

supports the concept that other factors, such as accelerated small bowel transit,

contribute to diarrhoea. The inclusion of patients who had surgical resection of

radiation injured intestine in this study only confounds assessment of the aetiology of

diarrhoea, especially as a small bowel radiological series was not performed following

surgery. For example, it is possible that fistulous communication between remaining

small intestine and colon could have supervened subsequent to surgery (Morgenstern

etaIl9l7; Galland & Spencer 1985) which could explain both diarrhoea and faster

orocaecal transit. Furthermore, ileal resection itself results in faster small bowel transit

and reduced nutrient absorption (Neal et al 1984). This may be due to disruption of

the potent feedback mechanism in normal subjects whereby the presence of

unabsorbed food in the ileum prolongs gastric emptying and small bowel transit of the

remainder of the meal, and thereby enhances absorption (Read et al 1984; Kinsman &

Read 1984). While the physiological basis of this so called "ileal brake" is uncertain,

peptide Y-Y (PYY) may be important (Adrian et al, 1986, Papas et al, 1986).

Although functional impairment of the terminal ileum associated with diarrhoea

and/or steattorhoea is common after pelvic radiotherapy, the function of the ileal

brake has not been studied in chronic radiation enteritis.
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Malabsorption of lactose may also contribute to diarrhoea following abdominal

irradiation. For example Beer et al (1985) found evidence of lactose intolerance in six

out of eight patients with chronic diarrhoea following curative doses of irradiation for

pelvic malignancies. This high prevalence probably reflects the severity of radiation

damage since seven out of eight patients were malnourished, including the five

patients who had required previous surgical resection to the distal ileum. Another

possible explanation of the high prevalence of lactose malabsorption may have been

the possible racial characteristics of the study group which are not stated. If the

composition of patients had been predominanly of Afro-Asian origin, this factor alone

could be responsible for the reported high prevalence of lactose malabsorption

(Ferguson 1981). Assuming that the study group was predominantly Caucasian, the

most likely explanation for the high prevalence of lactose malabsorption is mucosal

damage. Even though histological changes in jejunal biopsies in the patients were

either normal or only mildly abnormal, levels of mucosal lactase were decreased in all

but two patients. It is also possible that faster small intestinal transit could have

contributed to lactose malabsorption, but this possibility was not evaluated.

The possible contribution of secretory changes to the genesis of dianhoea has also not

been studied in chronic radiation enteritis.

As previously discussed in Section 1.3, the diagnosis of diarrhoea and other clinical

manifestations of chronic radiation enteritis such as intestinal obstruction can be

difficult and often delayed, partly because of poor sensitivity and specificity of current

methods of investigations. The results of recent studies suggest that measurement of

intestinal permeability promises to have widespread application in the investigation of

intestinal diseases such as coeliac disease and inflammatory bowel disease (Editorial,

Lancet 1985). Inrestinal permeability can be assessed by the Cr-51 EDTA absorption

test and, the double sugar (lactulose/rhamnose) absorption test (discussed in Chapter

2, Section 2.5). Increased permeabilty to Cr-EDTA has been reported in patients
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following abdominal irradiation (Ruppin et al 1985), but a number of factors affect

the results of the Cr-EDTA absorption test, including gastrointesúnal transit, and

hence, the interpretation of the documented abnormalities is uncertain. In the double

sugar (lactulose/rhamnose) absorption test, the urinary excretion of the two sugar

probes is expressed as a ratio, and the result is thus indepedent of variables such as

small intestinal transit (Menzies et aI 1979), but there have been no studies of

intestinal permeability using this technique during abdominal irradiation.

Animal studie.s

In contrast to the large number of experiments of the acute effects of radiation on the

intestine, there is a paucity of animal studies relating to chronic radiation effects.

Histological changes in the wall of the rat small intestine following radiation were

evaluated by Hauer Jensen et al (1983). In this study, isolated intestinal loops were

irradiated with single doses of radiation ranging from 17 to 23 Gy. Parameters of

radiation injury such as vascular sclerosis, fibrosis, lymphatic dilatation and ileitis

cystica profunda were scored at post-mortem in groups of rats 2, 4 and 8 weeks, and

thereafter every 6 weeks until 50 weeks after single radiation doses of. LJ, 19 and

2lGy. Animals who received the highest radiation dose were examined only at 8,26

and 38 weeks after irradiation because of the high mortality in this group. Injury

scores increased two weeks after irradiation and stabilized about 8 weeks following

irradiation, beyond which there was no further progression. Based on the stabilization

of histological abnormalities at this time in the rat model of chronic radiation enteritis,

Summers et al (1992) argued that the persistent abnormalities of jejunal myoelectrical

activity (discussed in Section 1.7.1, Acute effects, Animal studies) which he

demonstrated in dogs exposed to repeated doses of abdominal irradiation up to 70

days post-irradiation were likely to reflect chronic radiation injury. Given the well

documented species differences in radiation response (Conrad 1956; Dorval et al

1985), the validity of this assumption is questionable. For example, despite the
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accumulation of radiation dose levels comparable, or greater than the single dose

experiments in rats, the associated mucosal changes in the dogs were mild.

There have been no animal studies which have evaluated the chronic effects of

irradiation on the small intestine using fractionated radiation doses comparable to

those used in clinical practice.

Treatment

As discussed in Section 1.3, the treatment of chronic diarrhoea is often unsuccessful

(Yeoh & Horowitz 1987, Zentler-Munro & Bessell 1987).

The role of dietary measures in the management of chronic radiation enteritis has not

been adequately evaluated. For example, Bosaeus et al (1979) treated nine patients

with chronic diarrhoea and bile acid malabsorption (defined as >I9Vo faecal excretion

of an intravenous dose of C-14 labelled cholic acid) after pelvic irradiation for

gynaecological malignant disease with a low fat diet (40g faÜday). Although

improvment in diarrhoea in association with decreased excretion of faecal bile acids

was reported, the mechanism of the response is uncertain. It was speculated that the

decreased faecal loss of bile salts on the low fat diet implied that the colon was less

exposed to their cholerrheic effect. In support their hypothesis, data from another

study of thirteen patients with terminal ileal disease or resection (predominantly

Crohn's disease, but including one patient with radiation ileal damage), (Andersson et

al L974) was used to account for the efficacy of the low fat diet in alleviating

diarrhoea in the first study. Andersson et aI (1974) showed that when the dietary fat

content was reduced from 100 g to 40 glday, the improvement in diarrhoea which

occurred in ten of the 13 patients was associated with decreased faecal fat excretion,

no change in fractional absorption of fat and a marked decrease in faecal water and

sodium. Although it is not possible to exclude a placebo effect, since neither study

was randomised nor double blind, it is likely that selected patients with diarrhoea
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associated with chronic radiation enteritis may benefit from a low fat diet. Such

eff.ícacy may be attributable to the reduced amounts of fat entering the colon and/or

decreased secretion of bile acids with less colonic bacterial conversion of both fat and

bile acids into laxative compounds. Donaldson et al (1975) evaluated the effects of a

low residue, low fat, gluten and lactose free diet in five children with small bowel

obstruction, presenting about 2 months after the completion of abdominal irradiation.

In this study, small bowel roentgenograms and peroral jejunal biopsies for histological

assessment were performed before institution of the diet and following clinical

improvement. Clinical improvement was associated with resolution of radiological

and histological changes, but this cannot be ascribed to the diet with certainty as the

study was uncontrolled. Resolution of symptoms of recurrent sub-acute obstruction

has also been reported following long term treatment with an elemental diet (Haddad

et al 1974).

In a randomised study of 24 patients with severe radiation injury of the small bowel

(defined as obstruction, protracted dianhoea, fistulisation, and malabsorption), four

treatments were compared ví2, methylprednisolone 80 mg intravenously plus an

elemental diet (Vivonex-HN, 2Llday), methylprednisolone 80 mg intravenously plus

total parenteral nutrition, 2.5 Llday, total parenteral nutrition,2.5Llday alone, and an

elemental diet (Vivonex-HN, 2 Llday) alone (Loiudice &.Lang 1983). Patients were

aware of the treatment they had been assigned to and the magnitude of any placebo

effect cannot therefore be determined. Significant improvement in nutritional status

parameters (midarm muscle circumference, triceps skinfold thickness and delayed

hypersensitivity skin tests), nitrogen balance, radiological (small bowel radiological

series) and clinical (Schilling's test, faecal fat estimation and D-xylose absorption test)

measurements were found in patients assigned to the parenteral nutrition groups, but

not in the groups randomised to the elemental diet. Total parenteral nutrition has also

been used successfully, usually as an adjunct to operation and has been reported to

induce weight gain, correct hypoalbuminaemia and to reduce the size and output of
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intestinal fistulae due to radiation treatment (Ford et al l9l2; Miller et aI 1979).

Although the design of these studies was neither randomised nor double blind,

improvement clinically has ben associated with objective evidence of improvement in

nutritional status, thus reducing the likelihood of a placebo effect alone. These results

therefore support the role of parenteral nutrition in optimising the condition of

malnourished patients with chronic radiation enteritis prior to surgery (v.i.).

As discussed previously in Section 1.3, the surgical treatment of chronic radiation

enterocolitis is difficult. Obstruction of the small intestine, which may be partial or

complete, is the most frequent serious manifestation of chronic radiation enterocolitis.

Episodes of partial obstruction of the small intestine frequently respond to

conservative measures (Smith & DeCosse 1986). When complete small intestinal

obstruction occurs, resecúon and primary anastomosis may be appropriate for patients

with single discrete areas of involvement, but the majority have more generalized

radiation damage and should be treated by complete gasÍointestinal bypass of the

area (Wobbes et al 1984; Smith & DeCosse 1986). Patients who present with acute

perforation secondary to radiation damage to the small intestine require prompt but

conservative surgical treatment with the avoidance of primary anastomosis (Smith &

DeCosse 1986). Exteriorization of the involved segments appears to be the optimal

procedure in this situation (Hatcher et al 1985), although a further operation is

required to reconstitute the alimentary tract. Enteric fistulae should be managed

conservatively initially, but rarely close spontaneously (Smith & DeCosse 1986).

Complete gastrointestinal bypass without extensive resection of the residual small

intestine is the best surgical approach, since mortality is lessened and the chance of

recurrent fistulae is reduced (Smith et al 1984).

Conclusions

There have been no comprehensive studies of the long-term effects of therapeutic

pelvic irradiation on gastrointestinal function and in most cases treatment of sequelae
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is often unsatisfactory and has not been evaluated adequately. The surgical treatment

of intestinal obstruction, bleeding and fistula formation is fraught with difficulties and

even after apparently successful surgery, persistent symptoms are common.

1.8 EFFECTS OF THERAPEUTIC IRRADIATION ON ANORECTAL FUNCTION.

f .8.1 Acute effects

Prevalence

Acute proctitis manifested clinically as diarrhoea, tenesmus and bleeding per rectum

is an invariable consequence of pelvic irradiation (Rubin & Casarett 1968b). In a

recent prospective study of the effects of pelvic radiotherapy on anorectal symptoms

and rectal morphology, urgency of defaecation and to a lesser extent faecal

incontinence, were also found to be common, occurring in 90Vo and 307o of patients

respectively (Sedgwick et al L994).

Animal studies

There have been no studies of the effects of irradiation on anorectal function in

animals.

Human studies

It is well recognized that pelvic irradiation affects both anorectal and intestinal

function (Kinsella & Bloomer 1980). Although it has been postulated that the local

irritant effect of radiation on the rectal mucosa contributes to symptoms by

stimulating motility (Moss & Brand 1979), there have bsen no clinical studies which

have adequately evaluated the acute effects of pelvic irradiation on anorectal motility.

The lack of human studies is not surprising partly because of the methodological

difficulties of anorectal manometry in patients likely to have frequent, voluminous

bowel actions and also because of the need to study small intestinal function

simultaneously in order to not to confound the effects of pelvic irradiation on the

anorectum with those on the small intestine. Possibly because of these difficulties, the
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the only study of the acute effects of pelvic irradiation on anorectal function

(Birnbaum et al 1992) included anorectal manometry and transrectal ultrasound,

before and 4 weeks following irradiation only, but not during pelvic inadiation The

subjects in this study were 20 patients with rectal carcinoma, all of whom received

45.00 Gy external beam radiation therapy in 1.80 Gy increments to the pelvis, but the

anal sphincter was in the field of radiation in only half of them. In view of this, and

also because the measurements were performed at a time when anorectal symptoms

would have been resolving (Sedgwick et aI1994), it is perhaps not surprising that

there were no significant changes in maximal squeeze and resting anal pressures, or

sphincter length at 4 weeks after pelvic irradiation when compared to baseline. The

only parameter of anorectal function to change significantly was the minimal sensory

threshold to rectal distention which was higher four weeks following irradiation. This

observation was attributed to oedema and inflammation in the rectal mucosa.

In contrast, the effects of pelvic irradiation on the rectal mucosa are well documented

in two prospective studies (Gelfand et al 1968, Sedgwick et al 1994). In the more

recent study by Sedgwick et aI (1994), assessments of anorectal symptoms

(questionnaire), sigmoidoscopy (macroscopic appearances) and histology (anterior

and posterior rectal watl biopsies) were performed in nine patients before, during and

up to twelve weeks after pelvic irradiation for urological malignant disease (five

parients had bladder carcinoma and four had prostatic carcinoma). Stool frequency

increased in atl patients from a mean of l.Tlday to 5.0/day at four weeks during

radiation treatment, associated with tenesmus, urgency of defaecation and faecal

incontinence. Macroscopically, the rectal mucosa in all patients was noted to be

hyperaemic and oedematous with persistent ulcers at the sites of previous biopsies,

two and four weeks during radiation therapy. Histologicai assessment of rectal

biopsies showed mucosal changes characterised by crypt cell damage, inflammatory

cell infiltrate and loss of crypts. There was no relationship between the severity of

symptoms, and sigmoidoscopic or histological measurements. Although virtually all
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symptoms had resolved by twelve weeks after pelvic irradiation, in two of 7 patients,

sigmoidoscopic and histological abnormalities were still evident. These persistent

abnormalities apparently contrast with the early return to "normality" in small

inresrinal biopsies after abdominal irradiation (Trier & Browning 1966). This

discrepancy may reflect the higher radiation doses used by Sedgwick et al (1994),

compared with Trier & Browning (1966), or a reduced regenerative capacity of rectal

compared with small intestinal mucosa after irradiation. It is likely that mucosal

clamage and oedema in the rectal wall contribute to symptoms during pelvic

irradiation.

Treatment

Although a low residue diet and anti-diarrhoeal agents, such as lomotil and

loperamide, have been shown to be effective in alleviating diarrhoea during pelvic

irradiation (Bounous et al 1975; Chapaux et al 1978; Geginat et al 1978), it is unclear

tiom these studies whether the improvment resulted from the intestinal or rectal

component of diarrhoea, or both, since only symptoms were evaluated. Loperamide is

an effective treatment in patients with diarrhoea and incontinence of various

aetiologies (Read et al7982). As it also delays small intestinal transit (Kachel et al

1986), it is rational treatment for diarrhoea of both rectal and small intestinal origin.

There is a theoretical risk that the resulting smaller volume, but harder consistency

stools will increase the likelihood of mucosal bleeding. For this reason in clinical

practice, a stool softener such as docusate sodium is sometimes prescibed with

antidianhoeal medication.

Conclttsions

Damage to the rectal mucosa occurs frequently during pelvic irradiation, but the

severity of mucosal changes does not correlate with anorectal symptoms. Although it

is recognized that disturbances of anorectal function contribute to the
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symptomatology of pelvic irradiation, the acute effects of pelvic irradiation on

anorectal function have not been adequately evaluated.

1.8.2 Chronic effects

Prevalence

The results of two retrospective surgical series of the effects of radiation on the

gastrointestinal tract indicate that the rectum is involved in 65-807o of cases, either

alone or in conjunction with other pelvic organs (DeCosse et aI 1969; Wellwood &

Jackson 7913). The increased susceptibility of the rectum to radiation injury has been

attributed to its fixed anatomical position in the pelvis, compared with more mobile

pelvic organs such as the small bowel (Varma et al 1985). The prevalence of anorectal

dysfunction following pelvic irradiation is unknown, although faecal urgency with or

without incontinence is recognised to occur "frequently"'(Hatcher et al 1985).

Human studies

Although three studies have evaluated anorectal function following pelvic irradiation,

only two have reported abnormalities. In the first of the two studies with reported

changes, ten men with anorectal symptoms between two and five years after pelvic

irradiation for carcinoma of the prostate had evaluations of the following parameters

of anorectal function: symptoms (questionnaire), morphology (sigmoidoscopy and

double contrast barium enema), and rectal volumes and pressures at threshold,

constant and maximal tolerable rectal sensations, and rectal compliance (anorectal

manometry), (Varma et al 1985). Anorectal manometry was performed using

continuous high compliance balloon inflation by means of a peristaltic pump at a

constant rate, thus enabling accurate calculation of rectal volumes, whilst monitoring

rectal pressures by incorporating a microtransducer within the balloon and connecting

the assembly to a chart recorder. There was a marked reduction in rectal volumes and

compliance in the patients when compared to the age matched controls despite the

absence of obvious structural changes such as strictures on double contrast barium



50

enemas. Because some parameters of anorectal function, such as maximum tolerable

volume and rectal compliance, correlated with symptomatic and sigmoidoscopic

scores, it was suggested that there was a causal relationship between manometric

abnormalities and symptoms. The study did not assess anal sphincteric function, i.e.,

the potentially pivotal role of disordered internal and/or external sphincter function in

the genesis of anorectal symptoms, such as faecal incontinence was not evaluated. For

example, in a study of "idiopathic" faecal incontinence, weakness of the external anal

sphincter (EAS) occurred in 907o of patients and internal anal sphincter(IAS)

weakness was found in more than 30Vo (Sun et aI I992a). Furthermore, impaired

rectal sensation, which occurs in about 50Vo of patients with idiopathic incontinence,

is associated with abnormal IAS relaxation. Although in a subsequent study Varma et

al (1986) assessed anal sphincteric function in the same 10 patients, and reported

dysfunction of the IAS (as evidenced by reduced anal canal pressure and shortened

physiological sphincter length), but not the EAS, the methodology employed was

suboptimal. For example, the recording system consisted of a precalibrated water-

filled microballoon connected to an external transducer introduced into the rectum 6

cm from the anal verge and rectal pressures were recorded by the station withdrawl

technique. It is now recognized that anorectal manometry performed without multiple

closely spaced recording sites and simultaneous measurement of the electrical

activities of the EAS and IAS, does not allow the reciprocal relationship in activity of

the EAS and IAS to be evaluated and makes interpretation of the manometric profiles

difficult (Read & Sun 1989). Although in the study of Varma et al (1986) the

"squeeze" pressure of the EAS was not reduced in the patients compared with the

control subjects, the critical issue of whether it can compensate for IAS relaxation in

response to rectal distension, rectal contraction or increases in intra-abdominal

pressure, has not been addressed. Rectal biopsies was not included in the experimental

protocol in either of the studies by Varma et al (1985; 1986), histological material was

obtained from eight other patients who had undergone resection of the rectum for

radiation injury and who had received doses of radiation similiar to the ten patients
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who underwent anorectal manometry. In these patients there was marked damage to

the myenteric plexus, associated with smooth muscle hypertrophy. It was suggested

these changes were responsible for the manometric abnormalities observed in the

other patients. Since patients who require surgery have more severe radiation damage,

the extrapolation of histological findings based on resected bowel to other situations is

inappropriate. However, this study provides evidence that radiation can damage the

myenteric plexus.

The last of the three studies which have evaluated the effects of irradiation on anal

sphincteric function has major flaws in its design (Birnbaum et al 1994). Ten of the

twenty patients who had received pelvic external beam radiotherapy to a dose of

45.00Gy or more for rectal carcinoma and who had anal manometry performed before

and four weeks following pelvic irradiation (see Section 1.8.1 Acute effects, Human

Studies, for details), underwent a further evaluation at 14 - 42 months after

completion of radiotherapy. The anal sphincter was within the maximally irradiated

area in only three patients, and four of the ten patients had undergone resection of the

rectosigmoid colon with double-stapled "low colorectal anastomosis". Since the

maximum radiation dose to the anal sphincter in the patients was at least 20Vo lower

compared with that in the patients in the previous studies (Varma et al 1985; Varma et

al, 1986), it was not surprising that no significant changes in maximum squeeze or

resting anal pressures, sphincter length and minimal sensory threshold were

demonstrated.

Animal studies

There have been no animal studies relating to the chronic effects of irradiation on

anorectal function.
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Treatment

The limited insights into the pathophysiology of chronic radiation rectal injury

resulting from the studies of Varma et al (1985; 1986) in human subjects have

implications for the treatment of symptoms, such as frequency and urgency of

defaecation and faecal incontinence. For example, the rationale for reducing bulk in

the diet is based on the finding of reduced rectal compliance. Urgency of defaecation

may also respond to the calcium channel blocker, nicardipine given orally, which has

been shown to reduce the rectal sensory threshold for desire to defaecate in patients

with irritable bowel syndrome (Sun et al 1990a). A study of patients with chronic

diarrhoea of diverse aetiologies associated with faecal incontinence (unrelated to

irradiation) showed that loperamide not only.reduces stool frequency, stool weight

and improves stool consistency, but also lessens episodes of urgency of defaecation

and faecal incontinence (Read et al 1982). The significant improvment in continence

with loperamide was accompanied by increases in maximum basal sphincter pressure

and the rectal volume required to inhibit internal anal sphincter tone, suggesting that

loperamide has direct effects on the anal sphincter.

There is a lack of studies assessing medical treatment of chronic proctitis. Since

mucosal changes similiar to ulcerative colitis, varying in severity from hyperaemia

and telangiectasia to frank ulceration and necrosis, have been reported following

pelvic irradiation (Gilinsky et al 1983), steroid enemas (Cunningham 1980; Gilinsky

et al 1983) and sulphasalazine are often recommended. Reports of the efficacy of

these measures have been anecdotal, however (Goldstein et aI 1976). A randomised

double blind study compared two treatments, oral sulphasalazine with rectal steroids

versus rectal sucralfate plus placebo (Kochhar et al 1991). Patients were assessed by

symptom score and endoscopy before and four weeks after entry into the trial by two

assessors. Improvement clinically and endoscopically was noted with both treatments

compared with baseline observations. 'When clinical and endoscopic criteria were

compared between the two treatments, there was a significantly better symptomatic
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response to rectal sucralfate and oral placebo compared with oral sulphasalazine and

rectal steroids, although there was no difference in endoscopic appearances between

the two groups. Potential sources of bias in this study include the lack of a genuine

' control arm and an analysis which was based on patients who completed the trial,

rather than intention to treat. Further randomised studies are therefore required to

verify these observations.

Radiation proctitis can lead to intractable or massive haemorrhage, requiring repeated

hospital admissions and blood transfusions (Gilinsky et al 1983). The recent report of

the use of dilute endoluminal formalin, applied directly to areas of haemorrhagic

proctitis (Seow-Choen et al L993), appears promising but has not yet been evaluated

in a trial setting.

Surgery may be necessary if conservative treatment of rectal stricture or bleeding

fails. The choice of surgical procedure is controversial. Defunctioning colostomy and

resection with colo-anal anastomosis have both been advocated (Anseline et al 1981;

Hatcher et al 1985).

Conclusions

Although anorectal manometric studies have provided some insights into the chronic

effects of pelvic irradiation on anorectal function, the prevalence of disordered

anorectal function has not been determined. Previous reports of reduced rectal

volumes, decreased rectal compliance and anal sphincteric dysfunction require

confirmation with multiport anorectal manometry and concurrent electromyography

of the EAS and IAS. The relationships between manometric abnormalities and

symptoms remains to be established and as a ¡esult of this, rational treatment of

sequelae is at present not possible.
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Summ"ary

Although alterations in a number of aspects of gastrointestinal function have been

documented as a result of mediastinal and abdominal irradiation, the natural history of

these changes and the aetiology of common sequelae such as dysphagia, nausea and

diarrhoea remain poorly defined. As a result of these deficiencies, treatment of these

sequelae is often unsuccessful. Most previous studies have focussed on evaluation of

specific aspects of gastrointestinal function and many suffer from major

methodological inadequacies. Transient mucosal abnormalities are still widely

believed to be responsible for gastrointestinal symptoms during irradiation although,

in general, their severity correlates poorly with both symptoms and functional

changes. The potential contribution of disordered motility to the pathophysiology of

radiation damage of the gastrointestinal tract has been inadequately addressed. If

abnormal motitity contributes to tho sequelae of radiation therapy, there is the

potential for more specific pharmacological treatment. Although ¡andomised studies

have validated the efficacy of some of treatment strategies, in general these have

provided limited insights into pathophysiology because in most cases only effects on

symptoms have been assessed.

In the oesophagus, the motor abnormalities underlying the delayed transit reported

during mediastinal irradiation have not been evaluated. The use of precise techniques

of oesophageal manometry is essential to document the effects of mediastinal

inadiation on oesophageal function.

Disordered gastric motility may contribute to symptoms such as nausea and vomiting,

but there have been no studies of gastric motility or gastric emptying using accurate

and physiologicat tests either during or after abdominal irradiation.

Malabsorption of bile acids, fat, lactose, secretory changes and proctocolitis may all

contribute to diarrhoea after irradiation, but these various mechanisms have not been
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studied comprehensively in patients irradiated for curable abdominal malignant

diseases. There is suggestive evidence that diarrhoea and malabsorption may result

from more rapid small intestinal and colonic transit, because of disordered motility.

The development of accurate and specific diagnostic tests, such as the estimation of

whole body retention of orally ingested isotopically labelled bile acid and vitamin

812, has allowed small intestinal absorptive function to be studied more effectively.

The recent use of radioisotopically labelled standard test meals containing non-

absorbable carbohydrate and radioopaque markers allows simultaneous measurement

of gastric emptying, small intestinal and total gut transit. Since faster small intestinal

transit may contribute to diarrhoea as well as malabsorption of nutrients and bile acid,

studies of absorption are optimally combined with those of intestinal transit.

There is a need for more sensitive tests to detect gastrointestinal damage due to

irradiation, particularly to the small intestine, earlier. The results of recent studies

suggest that measurement of intestinal permeability may be useful in relation to this.

The treatment of most complications of chronic radiation enteritis, particularly

diarrhoea, is often unsatisfactory probably because the pathogenesis is poorly

understood. If more rapid intestinal transit is a major aetiological factor in diarrhoea

and malabsorption, pharmacological therapies to slow it may be beneficial.
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CHAPTER 2

Assessment of the effects of radiation on gastrointestinal
function

The interpretation and validity of limited data relating to the effects of radiation on the

gastrointestinal tract is difficult because the methodology used in previous studies has

often been suboptimal and restricted to specific aspects of gastrointestinal function. In

this chapter, the advantages and limitations of the various methods available for

studying those aspects of gastrointestinal function known to be affected by mediastinal,

abdominal and pelvic irradiation are first discussed. The techniques used in the

experiments undertaken by the author are then listed at the end of each section. Finally,

the presentation of the individual studies in succeeding chapters is summarised.

2.I IM/ESTIGATONOFOESOPHAGEALMOTORFUNCTION

The oesophagus transports food from the pharynx to the stomach. The entry of food

into the pharynx elicits a swallow reflex. This is a coordinated pattern of relaxation and

contraction of the pharyngeal muscles, upper oesophageal sphincter, oesophageal body

and lower oesophageal sphincter (Diamant & El-Sharkawy 1977). Contraction of the

pharyngeal muscles occurs at the same time as the upper oesophageal sphincter relaxes.

Relaxation of the upper oesophageal sphincter is transient, preventing regurgitation of

food into the pharynx. The food bolus is then propelled down the oesophagus by a

primary peristaltic contraction which is mediated centrally and originates in the pharynx

(Christensen I976). Before the peristaltic contraction reaches the distal oesophagus, the

lower oesophageal sphincter relaxes for a few seconds and then contracts once the

peristaltic wave has passed. Residual material is cleared from the lower half of the

oesophagus by secondary peristaltic contractions, which are local neural reflex

responses to distension.
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Disordered oesophageal transit reflects either mechanical obstruction to the passage of

the food bolus or disruption of the coordinated sequence of contractile activity of the

oesophagus - so-called motility disorders. Clinically, the investigation of oesophageal

swallowing disorders begins with a carefuily taken history and is followed by a barium

swallow and/or upper gastrointestinal endoscopy to exclude mechanical obstruction.

Investigation of oesophageal motility, which may include radionuclide scinúgraphy and

oesophageal manometry, is undertaken last.

2.1.1 Clinical assessment

Swallowing disorders originating in the oesophagus are cha¡acterised by food or fluids

"sticking" after the initiation of swallowing and may be associated with pain on

swallowing (odynophagia). Three features crucial to the assessment of the aetiology of

oesophageal dysphagia are: 1) the type of food causing oesophageal symptoms, 2)

whether the dysphagia is intermittent or progressive and 3) whether there is associated

heartburn and regurgitation (Castell & Donner 1987). For example, mechanical causes

of obstruction in patients, such as strictures, are associated with dysphagia for solid

food initially, whilst neuromuscular disorders are associated with dysphagia for either

solids or liquids. Progressive mechanical obstruction is indicative of oesophageal

stricture and, if preceded by a history of chronic heartburn and/or regurgitation,

suggests peptic stricture associated with reflux oesophagitis.

2.1.2 Barium swallow

An air-barium contrast study is the investigation of first choice in the evaluation of

swallowing disorders to identify structural abnormalities such as strictures (Castell

1989). Oesophageal motility changes can also be studied using barium swallows and

fluoroscopy (Seaman & Ackerman 1957, Goldstein et aI l9'75). The radiological

changes documented are however, qualitative and sequential studies are usually

precluded because of the exposure to ionising radiation associated with fluoroscopy.

Modern radiological studies of the oesophagus include videorecording of the images,
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which not only allows independent assessment by another observer, but makes

sequential studies possible since the radiation dose with videorecording systems is less

than that with rapid sequence filming. Intermittent disorders of oesophageal motility

may still be missed with this technique since prolonged oesophageal studies are at

present notfeasible.

2.1.3 Upper gastrointestinal endoscopy

Although used as the first line investigation in some centres (Castell 1989), upper

gastrointestinal endoscopy is usually performed after an air contrast barium swallow.

This enables radiologically deæcted structural lesions, such as strictures, to be directly

visualised and biopsies to be taken if appropriate. Injury to the oesophageal mucosa

either as a result of gastro-oesophageal reflux or mediastinal irradiation can also be

documented bottr visually and by histological assessment of biopsies.

2.1.4 Oesophageal scintigraphy

Oesophageal scintigraphy allows the transit of radionuclide labelled boluses to be

quantified under physiological conditions (Blackwell 1989). Since the whole body

radiation burden to the subject is less than a single plain abdominal X-ray, these

methods are suitable for sequential studies. The technique depends on following the

transit of a radio-labelled liquid and/or solid bolus by means of a gamma camera linked

to a computer. The subject is usually examined in the supine position for liquid

swallows and while sitting for solid boluses. Although it has not been shown that solid

swallows provide more clinical information than liquid boluses, additional information

is provided by studying both types of boluses since clinical disorders of swallowing,

with the possible exception of achalasia, may affect swallowing of solids and liquids

differently. By estimating the radioactivity in the oesophagus as a whole, total transit

time can be calculated. The oesophagus may also be subdivided into multiple areas and

time-activity curves for different regions can be generated. Delayed oesophageal transit

resulting from an absence of oesophageal peristalsis or incoordinate activity can be
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distinguished from the time-activity curves (Blackwell et al 1983; DeCaestecker 1986),

(Figs 2.1a,b). Like barium radiology, oesophageal scintigraphy, may miss intermittent

disorders of oesophageal propulsion, because of the relatively short duration of each

study. Other disadvantages of the technique relate to technical and clinical aspects which

lead to difficulties in interpretation and may limit its accuracy and value. While

incomplete or rapid double swallowing can confound interpretation of the data this

problem can be minimised by practice swallows with unlabelled water. The oblique

entry of the oesophagus into t¡e stomach has to be allowed for when the distal region of

the oesophagus is drawn, otherwise a portion of "scatter" from the gastric fundal pool

is included. Hiatus hernia even after fundoplication often delays distal oesophageal

clearance (Blackwell 1989). This difficulty can be overcome by prior knowledge of the

clinical history, as well as radiological and endoscopic findings. It is still possible to

measure oesophageal transit in those cases of hiatus hernia who have not had

fundoplication, by excluding the hernia from the distal region of interest. Gastro-

oesophageal reflux may result in apparent prolongation of total transit time, but can be

differentiated from disorganized oesophageal contractions by scrutiny of the time-

activity curves and qualitative review of the sequential images (Blackwell 1989). Reflux

will be accompanied by a reduction in activity over the gastric tindus, and an increase

in the oesophagus.

2.1.5 Oesophageal manometry

This is the most direct method of assessing oesophageal motor function in humans

(Dent 1989). Recordings are associated with negligible risk, and do not involve

radiation exposure, their duration being limited by the tolerance of the patient and the

investigator. Oesophageal manometry has its disadvantages. Recording equipment

although less expensive than scintigraphic or radiological equipment, still represents a

substantial financial investment. The technique is invasive and performance of

technically adequate manometric recordings and interpretation of findings requires

considerable knowledge and training. Currently derivation of parameters for sphincter
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Symptoms (questionnaire), mucosal changes (endoscopy score) and oesophageal

motility (combined manometry and scintigraphy) were evaluated in the study conducted

by the author relating to the effects of mediastinal irradiation on oesophageal function

(Chapter 3).

2.2 INVESTIGATION OF GASTzuC MOTILITY

Disordered gastric motility may be associated with symptoms such as nausea, vomiting,

abdominal discomfort, early satiety, "dumping" and diarrhoea (Horowitz & Dent

1991). Such symptoms are non specific, and mucosal lesions as well as gastric or

proximal small intestinal obstruction must be excluded by barium swallow and/or

endoscopy.

Gastric motor function can be assessed by 1) measurement of gastric emptying, 2)

manometry, 3) electrogasrography (EGG).

2.2.1 Measurement of gastric emptying

Gastric emptying can be evaluated by either (a) non-radionuclide methods or (b)

radionuclide methods such as scintigraphy and radioisotopic breath testing (Table 2.1)

Table 2.1 Methods of Gastric Emptying Measurement (Adapted from Horowitz et

al 1985a with permission)

Non-radionuclide
Radiology

Ultrasound

Intubation and aspiration of gastric contents

Absorption kinetics of orally adminsæred solutes

Applied potential tomo graphy/epi gastric impe dance

Magnetic Resonance Imaging

Radionuclide

Scintigraphy

Radioisotopic breath test
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(a) Non-radionuclide methods

Radiology

Contrast studies with liquid barium sulphate are only able to detect gross abnormalities

of gastric emptying since the volume of barium in the stomach cannot be determined

and the use of barium sulphaæ is in any case non physiological. In addition, the higher

radiation exposure compared with scintigraphy makes it an unsuitable technique for

serial studies.

Although an abdominal X-ray 6 hrs after ingestion of radio-opaque markers (such as

pieces of radio-opaque tubing) has been reported to be a sensitive technique for

assessing gastric emptying of non-digestible solids (Feldman & Smith 1987), the

passage of markers out of the stomach is almost certainly related to the occurrence of

phase 3 of the interdigestive migrating motor complex in the antrum and is therefore not

a reflection of gastric empfying per se.

Ultrasound

Ultrasound examination has the advantages of being non-invasive, and since it does not

involve radiation exposure can be repeated on separate occasions. However, even with

modern high resolution real-time ultrasound equipment, ultrasound is not sufficiently

accurate for it to be recommended as an alternative to scintigraphy (Horowitz & Dent

1991).

Intubation and asoiration of sastric contents

The disadvantages of this technique are the technical complexity, limitations on the

nature of the meal that can be studied and the invasiveness of the procedure. The

presence of an intestinal tube may aiso affect gastric motility (Fone et al 1991).
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Absorption kinetics of orally administered drugs

These depend on the minimal gastric absorption of many orally adminstered drugs such

as acetoaminophen (paracetamol) and alcohol (Heading et al 19731' Horowitz et al

1989). The rate of absorption of the drug is therefore a measure of the rate of gastric

emptying (Nimmo I97 6). Determination of the rate of gastric empfying by measurement

of blood concentrations of intestinal absorbed solutes is however unsatisfactory when

precise measurement of gastric emptying is required.

Aonlied ootential tomosraohv/imoedance eoisastrograohv

These techniques depend on changes in electrical resistivity or impedance to determine

the volume of simple liquid meals remaining in the stomach (Avitl et al 1987; Baxter et

al 1988). The advantages are that they are non-invasive, do not involve the use of

ionising radiation and that the equipment used is portable and inexpensive. The

disadvantages are that gastric emptying of solid meals cannot be reliably evaluated and

gastric acid secretion must be inhibited pharmacologically during measurements, since

resistivity changes when acid is secreted (Baxær et al 1988).

Magnetic resonance imaging

By incorporating a gadolinium complex in a liquid meal magnetic resonance imaging

can be used to measure both gastric emptying and gastric secretion (Schwizer et al

1992). A three dimensional image of the stomach and its contents is obtained by

performing multiple transaxial T1-weghted images. Magnetic resonance imaging is very

expensive and requires equipment with limited availability.

(b) Radionuclide methods

Scintisranhv

Radionuclide measurement of gastric emptying is non-invasive, accurate and, since the

radiation exposure is less than that associated with an abdominal x-ray, the technique is

acceptable in most cases for both single and sequential studies. Radionuclide markers,
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most often Tc-99m because of low cost and wide availability, are incorporated into

liquid, solid or mixed liquid and solid meals. All tests âssume that the gastric emptying

of the nuclide adequately represents the behaviour of the test meal , and since the liquid

and solid phases of a mixed solid and liquid meal empty at different rates, the precise

identification of each phase is necessary for the accurate definition of the emptying of

either phase, or of the total meal (Heading et aI I976; Meyer et aL7976). Emptying of

solid food is biphasic: an initial lag phase before food enters the duodenum is followed

by an emptying phase which approximates a linear pattern. The overall emptying pattern

of liquids is non-linear with a slope that decreases with time and often approximates a

monoexponential pattern. Liquid emptying is characteristically faster for the first few

minutes than the subsequent rate (Heading et al I916). Gastric emptying of liquids and

solid meals may be measured in two separate tests, but this is relatively inefficient

approach, particularly as many gamma camera systems can detect two nuclides of

different energies (Tc-99m sulphur colloid as a solid marker and In-113m-DPTA

(diethylenetriaminepenla-acettc acid) as a liquid marker in the same meal) (Christian et al

1983). There is little information about the appropriate test meal for the optimum

detection of differences between health and disease, but it is generally accepted that it

should be palatable and representative of an ordinary meal (usually 250-500 ml in

volume) (Christian et al 1980; Moore et al 1988). The¡e is a strong temptation to use

small volume, bland meals because these are less likely to lead to vomiting during the

test and in normal subjects the majority of the meal empties from the stomach in a

relatively short time period, but non-nutrient liquids, such as 'üater, which do not

stimulate mechanisms which retard gastric emptying, should not be used. If it is only

possible for a single isotope to be used a marker for the solid components of a meal is

probably preferable since volume and gravity are major determinants of gastric

emptying of isotonic, or low nutrient liquids. Adequate gamma-emitting markers are

now available for the major components of an ordinary meal, i.e. digestible solid, non-

digestible solid, oil and liquid components (Horowitz et al1985a; Cunningham et al

1991). The abdominal distribution of radioactivity is usually measured by a gamma
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camera linked to a computer. By drawing a region-of-interest around the stomach,

recognisable by its characteristic shape, changes in counts within the region reflecting

the amount of food retained in the stomach can be monitored at regular intervals (Fig.

2.3). Time-activity curves characterising gastric emptying can be constructed and

parameters of gastric emptying described (Fig.2.Ð.

It is now possible not only to quantify gastric emptying of solid and liquid meals

simultaneously (Horowitz et al 1985a), but also to measure gastric emptying

concurrently with oesophageal, small intestinal and colonic transit (Read 1989). The

disadvantages of scintigraphy are the relative expense, limited availability of equipment

and the relatively long time (3-4 hrs) it takes to acquire and process each study. There

are also several methodological difficulties which may limit the sensitivity and

specificity of radionuclide gastric emptying tests (Horowitzet al 1985a). In particular,

movement of radionuclide within the stomach leads to variation in the counts detected

because of the different thicknesses of tissue between the stomach and the camera for

which corrections must be made (Collins et al 1983). External gamma counting also

cannot measure the volume of gastric secretion within or emptied from the stomach.

This unknown quantity of gastric secretion dilutes both solid and liquid markers

progressively.

Radioisotonic breath testins

The indirect measurement of solid and liquid gastric emptying by detection of

radiolabelled carbon dioxide has recently been reported (Ghoos et al 1993; Maes et al

1994). This technique is relatively simple amd yields gastric emptying times which

correlate well with those obtained by scintigraphy. For example, C-14 octanoic acid

bound to egg is hydrolysed in the duodenum, rapidly absorbed and oxidised in the liver

to yield C-14 carbon dioxide. The radiation dose is only about lVo of conventional

scintigraphic techniques. Breath testing is therefore likely to be used in the future as a

screening test for delayed gastric emptying.
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Figure 2.3 Scintiphotograph showing irregular region of interest enclosing
stomach, which contains t ,chnetium Tc 99m-labelled chicken liver.
This method permits selective quantification of gamma emissions
for this area. (Reproduced with permission Horowitz et al 1985a).
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2.2.2 Manometry

Gastropyloroduodenal manometry, using either minature intraluminal transducers or

external transducers linked to multiple lumen manometric catheters to measure

pressures, have yielded considerable insights into the physiology of normal gastric

emptying and the pathophysiology of disordered gastric emptying (Horowitz & Dent

1991). Its use has so far been as a research tool and its clinical role remains to be

defined. The disadvantages of the technique are that it can be uncomfortable for the

patient, especially if the catheter is to remain in position for a long time and considerable

knowledge is required to perform and interpret studies. Its limitations are that some

types of gastric contractions do not produce any change in intragastric pressure and so

will not be detecæd by this method (Fone et al, 1990).

2.2.3 Electrogastrography (EGG)

EGG measures the electrical control activity (ECA) which originates from the

pacemaker on the upper greater curve of the stomach and determines the frequency of

contractions of the stomach musculature distal to it by means of surface electrodes

attached to the skin. While EGG gives an indication of function of the gastric

pacemaker (Smout et al 1980; Dubois 1989), the occurrence of contractions, which

depends on rapid electrical depolarizations or spikes of the muscle, so-called electrical

response activity cannot be monitored (Sun et al 1995). Apart from being technically

demanding, EGG has the limitation the occurrence of gastric contractions can only be

inferred from the recorded ECA.

In the author's studies (Chapters 4, 5, 6 and 7), gastric emptying following ingestion of

a nutrient liquid meal containing the non-absorbable carbohydrate, lactulose was

evaluated scintigraphically.
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2.3 I}ryESTGATION OF SMALL INTESTINAL ABSORPTION

2.3,1 Bile acid absorption

The two primary bile acids, cholic and chenodeoxycholic acid are synthesized in the

liver and excreted conjugated to either glycine or taurine in the bile. The glycine and

taurine conjugates of cholic and chenodeoxycholic acid are stored and concentrated in

the gall bladder between meals. Food intake causes the gall bladder to contract and

empty its contents into the duodenum through the common bile duct.'When present at a

critical concentration, bile salt molecules form micelles which are responsible for the

detergent action of bile necessary for the absorption of fat and fat soluble vitamins in the

intestine. In the terminal ileum bile salts are actively reabsorbed and returned to the liver

via the portal venous system. This cycle, repeated several times a day, has been called

the enrerohepatic circulation (EHC) of bile salts. About95Vo of the conjugated bile salts

secreted by the liver are absorbed, chiefly by active transport through the mucosa of the

terminal ileum. Bile salts are deconjugated during their passage through the small

intestine. This process, which is dependent on enzymatic bacterial action, is completed

in the colon with the formation of the secondary bile acids, lithocholic and deoxycholic

acid. Deoxycholic and, to a lesser extent, lithocholic acid are reabsorbed in the colon,

conjugated and recycled by the primary bile acids, so that no more than2Vo of the bile

acid pool is normally lost in the faeces with each EHC.

Bile acid absorption can be studied by (a) C-14 cholylglycine breath test, (b) faecal

excretion of C-14 taurocholate, (c) radioimmunoassay of glycine conjugates of cholic

and chenodeoxycholic acid, (d) Whole bodyiwhole abdominal retention of the Se-75

labelled conjugated bile acid, Seleno-75 Homocholic acid-taurine (Se-75 Hcat).

(a) C-14 cholylglycine breath test

A tracer dose of C-14 cholylglycine is given in a test meal which mixes with the

endogenous cholylglycine pool and under normal conditions is almost completely

reabsorbed by the terminal ileum and returned to the liver. In terminal ileal disease and
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short bowel syndrome, the labelled bile salt is less well absorbed, allowing increased

amounts to pass into the colon where bacterial deconjugation and hydrolysis releases C-

14 labelled carbon dioxide. The latter is absorbed by the colonic mucosa and excreted in

the lungs where increased amounts can be detected in the breath. Without simultaneous

measurement of faecal C-14 activity, the C-14 cholylglycine breath test is associated

with a high incidence of false positive and negative results for bile acid malabsorption

(Heaton 1977). However, even when combined with measurements of faecal C-14

activity, the C-14 cholylglycine breath test does not accurately reflect bile acid

absorption because some of the label is passively absorbed since it is in the glycine

moiety.

(b) Faecal excretion of C-14 taurocholate

Measurement of faecal C-14 activity following oral adminstration of C-14 taurocholate

provides direct evidence of bile acid malabsorption. However, as it may require

collection of stools over several days and analysis of an aliquot of each day's collection

(Roda et al1977), it has never been widely employed as a routine clinical test of bile

acid absorption.

(c)

Efficient hepatic clearance of bile acids from the portal venous system between meals

normally ensures that fasting serum bile acid concentrations are low. After meals,

however, serum bile acid concentrations increase slightly in normal subjects and

markedly in patients with liver disease (Roovers et al 1968). In subjects with normal

liver function, the post-prandial rise in conjugates of the primary bile acid, cholic acid

can be used as a quantitative estimate of bile acid absorption, assuming constant hepatic

fractional clearance of bile acids (La Russo et al I97 4). Fractional hepatic clearance has

been shown to be constant over a wide range of bile acid loads in animals (Erlinger et al

1977) and the value of serum bile acids in diagnosing bile acid malabsorption

established (Aldini 1982). However, as glycine conjugated bile acid can be absorbed by
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passive diffusion in the jejunum and colon (Hislop et al 1967) and following

deconjugation in the colon, absorbed by passive non-ionic diffusion,

radioimmunoassay of glycine conjugated bile acid does not accurately reflect ileal

absorption.

(d) Whole body/whole abdominal retention of SeHcat

Selena-75 Homocholic acid taurine (SeHcat) has been shown to be absorbed from the

gut and secreted into the bile at the same rate as the naturally occurring bile acid, cholic

acid (Boyd et al 1981;Merrick et al 1982). Since it is a taurine conjugate and has a

much lower pKa than glycine conjugates, it cannot be absorbed by passive non-ionic

diffusion. Very little bacterial deconjugation of this synthetic bile acid occurs in humans

(Fenaris et at 1986). Therefore, SeHcat is closer to fulfilling the criteria for the ideal

test substance for ileal function (Fromm & Hofmann I97I; Fromm et aI 1973) than the

C-14 cholylglycine breath test and measurement of serum levels of glycine conjugates

of cholic acid. SeHcat also contains the gamma emitting nuclide Se-75 thus making

external counting possible, either in a whole body counter (Yeoh et al 1984) or

abdominally by removing the lead collimator from a conventional gamma camera

(Thaysen et al 1982). This obviates the need for faecal collection which is an important

drawback in measuring faecal C-14 activity following a tracer dose of C-14

taurocholate. Furthermore, since external counting in the whole body monitor is

performed 7 days after oral adminstration of the tracer dose, enterohepatic circulation

amplifies the effects of quite small changes in absorption efficiency. For example, since

each bile acid molecule completes on average about five circuits of enterohepatic

circulation per day and has a greater than95Vo chance of being absorbed on each circuit,

atier 7 days, I7 .5Vo of the original activity will still be retained if absorption efficiency

is 95Vo, but only 8.5Vo is retained if absorption efficiency is 93Vo(Merrick et al 1985).

Although measurements of the 7 day retention of SeHcat by whole body counting and a

gamma camera have been shown to correlate with a linear correlation coefficient of 0.96

(Hames et al 1984), the sensitivity of the SeHcat test is reduced if the time interval
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between the administration of the dose and counting is less. For example, the sensitivity

of the 5 day SeHcat retention by gamma camera measurement is probably inadequate

for detecting borderline bile acid malabsorption (Thaysen et al 1982).

An advantage of whole body counting over the whole abdominal counting method is

that SeHcat and Co-58 vitamin BI2 can be given together to evaluate bile acid and

vitamin 812 absorption simultaneously (Yeoh et at 1984; Ludgate & Merrick 1985).

2.3.2 Vitamin 812 absorPtion

Vitamin 812 is derived from meat and dairy products in the diet. The minimum daily

requirement is 2 micrograms, but since the total body stores are 4 milligrams (half of

which are in the liver), if intake or absorption were to cease abruptly, it takes between

3-6 years for a normal individual to become deficient in vitamin 812. Vitamin 812 is

absorbed by active transport in the terminal ileum only after it has formed a complex

with intrinsic factor, a mucoprotein secreted by parietal cells in the gastric mucosa. The

active transport mechanism in the terminal ileum is easily saturated and the percentage

absorption falls as the total adminstered dose rises, from 7 57o of an oral dose of 0.5

microgram to about 507o of. a 1 microgram dose (Chanarin 1969). Pharmacological

doses of vitamin BI2 are absorbed across the intestinal mucosa by diffusion, but this

mechanism does not play an important role under normal physiological conditions.

Malabsorption of vitamin Bl2 may result from failure of production of intrinsic factor

(as in pernicious anaemia) removal or disease of the terminal ileum, bacterial destruction

of the vitamin before it is absorbed (as in blind loop syndrome) or competition for

absorption (as by the fish tapeworm, Diphyllobothrium latum).

Vitamin B12 is a complex organo-metallic compound containing cobalt which can be

labelled with radioisotopes. In clinical practice absorption tests of vitamin B 12 depend

on labelling of the vitamin with cobalt (Co)-57 and./or (Co)-58. After an oral tracer dose
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(a) faecal excretion, (b) urinary excretion (Schilling's test), (c) hepatic uptake, (d)

assessment of plasma radioactivity and (e) whole body counting.

(a) Faecal excretion method

The amount of vitamin 812 absorbed is calculated by subtracting the radioactivity

recovered from the faeces from that in the ingested oral dose. This method is not

commonly used because of difficulties in obtaining complete collectons of stools and

potential radiation hazards to personnel.

(b) Urinary excretion method (schilling's test)

A large intramuscular dose of vitamin B 12 is given L-2h after an oral tracer dose of Co-

57 vitamin 812 designed to saturate plasma and tissue binding sites, and the absorbed

vitamin 812 is excreted in the urine. The amount of administered radioactivity

recovered from the urine is dependent on the amount of the oral dose absorbed, since

the free vitamin is filtered by the glomerulus and there is no tubular absorption or

secretion. A low recovery may be due to malabsorption, renal failure, incomplete

urinary collection, administration of a large parenteral dose of vitamin 812 within 3

days of the test or ingestion of a meal high in vitamin 812 content shortly before or

after the tracer dose. An accurate timed collection of urine is less critical in the dual

isotope technique which by employing simultaneous adminsrration of Co-58 vitamin

812 and Co-57 vitamin 812-intrinsic factor, allows separate counting of the isotopes

and enables a ratio of their activities to be derived as well as total activity of each

isotope, both of which are important for diagnosis (Allen I}SZ).It also enables

malabsorption due to lack of intrinsic factor in pernicious anaema to be identified since

this results in reduced recovery of Co-58, but normal recovery of Co-57 and a high Co-

57iCo-58 ratio, whilst in other causes of malabsorption the ratio of Co-57lCo-58 is

normal even though the percentage recovery of both isotopes in the urine is low.
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(c) Heoatic uotake method

An estimate of the amount of labelled vitamin B12 absorbed and deposited in the liver is

made by surface counting (Chanarin 1969). However, inaccuracies arise because the

subject has to be in exactly the same position for subsequent counts and the estimate is

unreliable in the presence of liver disease.

(d) Assessment of plasma radioactivity

8-12 hrs after an oral dose, radioactivity is measured in a blood sample. The

disadvantage of this technique is that it is semi-quantatative (Chanarin 1969).

(e) Whole body counting method

Radioactivity retained in the body is measured 7 days after an oral tracer dose of Co-58

Vitamin 812. This is potentially the most accurate method, but requires specialised

equipment. Its accuracy and reproducibility has been demonstrated (Finlayson et al

1969).

2.3.3 Lactose absorption

Lactose, a disaccharide present in milk and dairy products is normally hydrolysed into

its constituent monosaccharides glucose and galactose by the enzyme lactase which is

present in the brush border of the intestinal mucosa where the highest concentrations are

found in the jejunum. Glucose and galactose are then actively transported into the

mucosal cell to be absorbed. The rate of hydrolysis of lactose is relatively slow and

limits its absorption, in contrast to sucrose where absorption is limited by the rate of

glucose transport across the cell.

A deficiency of the enzyme lactase can arise either primarily, after weaning, (most

commonly in populations of African and Asian origin), or secondarily to intestinal

disease (commonly acute infections). This results in failure of lactose absorption.

Unabsorbed lactose acts as an osmotic load in the colon and may result in diarrhoea,
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abdominal colic and distension. A history of dietary intolerance is, however, seldom

obtained since subjects avoid milk and milk products (Horowitz et al, 1987). Bacterial

fermentation of the unabsorbed lactose results in excess hydrogen production which can

be detected in the breath (Newcomer et al, I975).

The definiúve diagnosis of lactase dehciency requires a biopsy specimen from the small

intestine and enzyme assay. Since there is a gradient of activity along the small bowel in

normal and lactase deficient subjects, the site of biopsy needs to be standardized

(Newcomer & McGill 1966). Owing to these difficulties, indirect methods of detecting

lactase deficiency are preferred. These methods depend on changes in the blood

concentration of digestive products of lactose (glucose and galactose), or the breath

concentration of either hydrogen or C-14 labelled carbon dioxide (derived from tissue

oxidation of absorbed C-14 labelled lactose). The following indirect methods of

determining lactose absorption are available: (a) C-14lactose breath test, (b) the lactose

hydrogen breath test.

(a) C-l4lactose breath test

C-14labelled lactose is given by mouth together with 50g lactose. The C-14lactose is

hydrolysed to C-14 glucose which is then oxidised to C-l4labelled carbon dioxide by

tissue enzymes and excreted in the breath. Breath samples are collected in ethanolic

hyamine and the radioactivity of trapped C-14 labelled carbon dioxide determined by

liquid scintillation spectroscopy. The C-l4lactose breath test thus measures hydrolysis

of lactose and absorption of glucose. It suffers from the disadvantage that unabsorbed

lactose reaching the colon is degraded to C-14 labelled carbon dioxide by bacteria and

this bacterial derived C-14 labelled ca¡bon dioxide is also excreted in the breath. It is not

as sensitive as the lactose hydrogen breath test and also suffers from the drawback of

requiring the adminstration of a radionuclide with a long physical half life, even though

dose calculations indicate that the radiation hazard is negligible. Furthermore, metabolic

diseases such as diabetes may be associated with a decreased rate of conversion of
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absorbed C-14 glucose to C-14 labelled carbon dioxide (Newcomer et al, I97 5).

(b) Lactose h]¡drogen breath test

This method of detecting lactase deficiency depends on bacterial digestion of

unabsorbed lactose in the colon releasing hydrogen which is detected in the breath. In

one prospective study comparing various indirect methods of detecting lactase

deficiency, the lactose hydrogen breath test coÍectly identified all25 patients who were

lactase deficient and there were no false positive results (Newcomer et al L975).In

population studies, however, it may miss a small proportion of subjects (>5%) who

have no hydrogen in their breath after ingesting non-absorbable carbohydrate

(Shearman & Finlayson 1989).

Close attention to detail relating to the collection and analysis of the breath samples is

necessary in order to ensure the quality of the results. Adverse factors affecting quality

of the breath samples include extraintestinal factors such as cigarette smoking,

hyperventilation and hydrogen production by oropharyngeal bacteria (Thompson et al

1985). The transient rise in exhaled breath hydrogen soon after ingestion of the

carbohydrate test meal attributed to oropharyngeal bacteria can be largely eliminaæd by

a bacterial mouthwash and avoidance of carbohydrate consumption after test meal

ingestion (Thompson et al 1986). An early rise in breath hydrogen may also occur from

the passage into the caecum, soon after meal ingestion, of carbohydrate retained in the

ileum from previous meals (Read et al 1985). By avoiding non- absorbable

carbohydrate on the evening preceding the test, a low basal hydrogen can be ensured

(Perman et al 1984). Most antibiotics, by reducing bacterial flora in the colon, and

laxatives/enemas decrease hydrogen production and are preferably avoided for at least

48h before the test meal. Variations in the breath sample quality resulting from the

collection of end expiratory breath samples affect the sensitivity of the test, but can be

corrected by normalization of hydrogen values using simultaneous measurement of

oxygen, carbon dioxide or nitrogen (Newcomer 1984). Although Newcomer et al
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(1978) adopted an upper normal limit for breath hydrogen of 20 ppm at 2 hours, rhis

criterion reduces the sensitivity of the test. V/ith 30 minute sampling of breath any

sustained rise in breath hydrogen above baseline of > 10 ppm is considered an

abnormal result, indicative of lactose malabsorption (Horowitz et aI,1987).

2.3,4 Fat absorption

Dietary fat, which constitutes approximately 40Vo of the calorie intake, is made up

predominantly of triglycerides, but also contains phospholipid, cholesterol and other

sterols. Triglycerides form over 98Vo of dietary lipids and consist of glycerol which is

esterified to three long chain fatty acids with 16-18 carbon atoms. A small but variable

proportion of so called medium chain triglycerides have fatty acids with only 6-10

carbon atoms and are absorbed differently. Since fat absorption studies only

satisfactorily quantify long chain triglycerides, the absorption of medium chain

triglycerides, phospholipid, cholesterol and other sterols will not be considered further.

Insoluble long chain triglycerides are converted by a complex sequence of steps into a

form that can be taken up into mucosal cells. This involves (i) emulsification in the

gastric antrum and duodenum to produce stable lipid particles with a large surface area,

(ii) hydrotysis of triglycerides within the duodenum primarily by pancreatic lipase to

monoglycerides and fatty acids, (iii) solubilization with conjugated bile acid

polymolecular aggregates to form mixed micelles which increase the surface area of

lipid particles thereby facilitating absorption. (iv) Uptake by the mucosal cells so rhat

the fatty acids themselves become the substrate for the re-constitution of triglyceride and

(v) incorporation into chylomicrons, which are particles of triglyceride enclosed by

phospholipid, protein and free cholesterol to (vi) transport away from the mucosa in the

lymphatic channels of the lamina propria. A physiological abnormality at any of these

steps may result in impairment of absorption of dietary triglyceride, over 95Vo of which

is normally absorbed.
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The following tests of fat absorption are available (a) I-131 labelled trioleate in the

blood or faeces, (b) Chemical estimation of fat in the faeces.

(a) I-131 labelled trioleate in the blood or faeces

Estimation of blood radioactivity (Reeves et al 1965) afær a facer dose of I-131 labelled

trioleate avoids the need for faecal collection as a means of determining fat absorption.

Unfortunately, blood radioactivity correlates poorly with fat abso¡ption (Shearman &

Finlayson 1989). Estimation of faecal radioactivity (Dalla Palma 1968) after oral

ingestion of I-131 labelled trioleate is unreliable compared to fat estimation by the

chemical method (Shearman & Finlayson 1989).

(b) Chemical estimation of fat in the faeces

This enables fat absorption to be quantified indirectly by measuring fat excretion in the

stool (van de Kamer et al 1949). It depends on an accurate timed (72 h) collection of

faeces and measurement of the fatty acid liberated from triglyceride derived from the

diet and intestinal contents (desquamated mucosa, secretions and bacteria). Fatty acids

of chain lengths of less than 10 carbon atoms are not measured satisfactorily.

Therefore, for patients receiving medium chain triglycerides (MCÐ, unabsorbed MCT

in the stool are not measured. Other limitations of this method include the need to ingest

a diet containing 70-100 gfatlday, which may not be practical. Low readings may

reflect infrequent bowel actions in some patients and incomplete stool collections in

others.

In the author's studies (Chapters 4,5,6 andT), absorption of: (i) bile acid and vitamin

B12 was assessed by whole body retention of SeHcat and Co-58 vitamin B12, (ii)

lactose by the hydrogen breath æst and (üÐ fat by chemical estimation of faecal fat.
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2.4 INVESTIGATION oF SMALL INTESTINAL, coLoMC/ToTAL GUT TRANSIT.

The passage of food through the stomach, small intestine and colon is normally

regulated to optimise digestion and absorption. For example, acceleration of gastric

emptying results in poor mixing of food with pancreatico-biliary secretions and may

impair digestion. Acceleration of small bowel transit by reducing the contact time

between food and the intestinal absorptive epithelium may result in malabsorption

(Johansson I975; Holgate & Read 1983), whilst delayed small bowel transit may also

impair absorption by causing bacterial overgrowth. In the colon, rapid transit of

inæstinal luminal contents may limit the capacity to salvage water and electrolytes.

2.4.1 Small intestinal transit

Small intestinal transit can be studied by the following techniques: (a) small bowel

barium meal, (b) breath hydrogen analysis/plasma sulphapyridine measurement, (c)

radionuclide gastrointestinal transit and (d) combined breath hydrogen anaiysis and

radionuclide transit.

(a) Small bowel ba¡ium meal

Measuring the transit of barium through the small intestine is not physiological

(Embring & Mattson, 1966) and probably not representative of the passage of food.

Mixing the food with barium gives a more accurate index of the rate of entry of food

residues into the colon (Mattson et al 1960). However, this involves fluoroscopy and/or

multiple abdominal films resulting in unacceptably high levels of radiation exposure,

particularly in sequential studies. The relatively large amounts of barium required may

also interfere with the normal rate of passage of food (Read et al 1986). The other

drawback of radiological techniques is that it gives only a semi-quantitative estimate of

intestinal transit.
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(b) Breath hydrogen analysis/plasma sulphapyridinemeasurement

Determining the breath hydrogen response to the non-absorbable carbohydrate,

lactulose has been shown to provide an accurate measure of the mouth to caecum transit

time (Bond & Levitt 1975; Read et al 1980). On its own, the reproducibilty is relatively

poor, but this can be improved by adding lactulose to a liquid nutrient meal (LaBrooy et

al 1983). However, the breath hydrogen test only adequately assesses the arrival of the

head of the meal in the caecum and cannot quantify the transit time of the entire meal

(Malagelada et al 1984) and, unless the lactulose is given intraduodenally cannot

determine the individual effects of gastric emptying and small inæstinal transit (Caride et

al 1984).

Orocaecal transit can also be quantified by measurement of plasma sulphapyridine using

spectrophotometry after the oral administration of salicylazosulphapyridine. After

ingestion the majority of salicylazosulphapyridine reaches the colon intact, where its azo

bond is split by bacterial enzymes yielding sulphapyridine and 5-aminosalicylic acid

(Kellow et al, 1986).

(c) Radionuclidegastrointestinaltransit

Scintigraphic techniques for determining small intestinal transit, in contrast to

radiological methods, entail minimal radiation exposure. Tracer doses of radionuclide

are used to label solid and/or liquid meals (Malagelada et al 1984; Read et al 1986) and

this enables gastrointestinal transit to be quantified accurately and more physiologically

than with radiological techniques (Caride et al 1984). Gastric emptying, small intestinal

transit and colonic filling can now be evaluated simultaneously following ingestion of a

radioisotopically labeiled test meal by quantifying its progress through the

gastrointestinal tract by means of a gamma camera linked to a computer (Malagelada et

al 1984; Read et al 1986). Regions-of-interest can be drawn round the stomach and the

colon and time activity curyes of gastric emptying, colonic filling and, by inference,

small intestinal residence derived (Caride et al 1984; Read et al 1986). Parameters of
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intestinal transit, independent of gastric emptying can be calculated including mean

intestinal ûansit and small intestinal residence (Read et al 1986).

(d)

The rationale of combining breath hydrogen and scintigraphy in the assessment of

orocaecal transit is based on two observations. Firstly, a small proportion of subjects

(<SVo) have no hydrogen in their breath after ingesting non-absorbable carbohydrate

(Shearman & Finlayson 1989), and secondly the assessment of first arrival of the meal

in the caecum scintigraphically can be problematic since the location of the caecum is

uncertain in up to 36Vo of subjects (Caride et al 1984).

2.4.2 Colonic/total gut transit

ColonicÆotal gut transit can be assessed by either (a) radio-opaque marker techniques

and./or (b) radioisotopic methods.

(a) Radio-opaquemarkertechniques

These depend on the ingestion of inert, non-absorbable radio-opaque markers which

have a specific gravity similiar to gut contents and subsequent evaluation of the

distribution of the markers in the colon by plain abdominal radiology (Mantelli et al

1978) or quantification of their excretion in the faeces (Hinton et al 1969). Faecal

quantification is simple and can be performed by an untrained technician but suffers

from a number of disadvantages, including the inconvenience and potential inaccuracies

of stool collections lasting up to 5 days. Although whole gut transit can be evaluated by

analysis of a single stool, the method requires ingestion of several different radio-

opaque markers over 3 consecutive days (Cummins & Wiggins 1976) and its accuracy

is restricted to a range of one to four days. Both the one radio-opaque marker/multiple

stool measurements and the different radio-opaque markers/single stool measurements

assesses mouth to anus transit and give no indication of segmental transit times within

the large intestine, which is necessary to characterise localised disorders of colonic
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motility (Mantelli et al 1,978; Watier et al, 1983). However, by including plain

abdominal radiology following ingestion of the radio-opaque markers, segmental

colonic transit can be calculated either using daily abdominal f,rlms (Arhan et al 1981),

or a single abdominal film taken on the fourth day after ingestion of three different

markers (Metcalf et al 1987). Even though the radiation dose of a single film technique

has been reduced to about 25Vo of that of a conventional abdominal x-ray, the accuracy

of the technique is limited. For example, rapid colonic transit could cause all the

markers to be lost in the faeces before the time of abdominal radiography and,

conversely, in subjects with slow transit, all markers could still be present on the single

abdominal hlm at four days.

ft) Radioisotooic methods

The progress of radioisotopes through the colon can be measured using a gamma

camera linked to a computerised recording and processing system. In contrast to X-ray

methods, continuous observation of the radionuclide in the large bowel for long periods

is possible, without unacceptable radiation exposure. Not only can various intestinal

regions be studied simultaneously but also the transit of both solids and liquids

evaluated by using different radionuclide labels (Proano et al 1991). In addition, by

appropriate. choice of a suitable liquid radioisotopic marker, such as

diethylenetriaminepenta-acetic acid (DPTA), satisfactory images can be obtained with a

volume of marker that is small enough not to influence colonic transit when instilled

into the caecum (Krevsky et al 1986). Scintigraphy is thus a safer, more physiological

and accurate method of evaluating colonic transit compared with radio-opaque marker

techniques. However, it is expensive, requiring access to a nuclear medicine department

and trained technicians. In addition, there are methodological problems associated with

the delivery of the radionuclide markers to the large bowel which limit its applicabilty.

The isotope is usually injected into the colon via a tube that has either been swallowed

(Krevsky et al 1986) or inserted by means of a colonoscope (Lambert et al 1988),

although it is now possible to deliver the radionuclide to the colon by ingesting a coated
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capsule incorporating the isotope marker which then disperses at the pH of the ileum

(Proano et al 1990). The latter approach, by making it possible to image the unprepared

colon without the use of intubation or bowel preparation of any kind is more

physiological. Whole gut transit can be evaluated either by following the progress of a

swallowed I-131 capsule by a scintillation counter (Kirwan & Smith L974) or by

gamma camera scintigraphy using resin particles labelle.d with Tc-99m and In-111, to

quantify gastric emptying and small bowel transit, and colonic transit respectively

(Stivland et al 1991). Gamma camera scintigraphy is more accurate, particularly in

subjects with diarrhoea, since scintillation counters cannot scan as wide an area as

gamma cameras. Not surprisingly, whole gut transit determined by a scintillation

counter following ingestion of the I- 13 1 capsule correlates poorly with total gut transit

asssessed by recovery of ingested radio-opaque markers in the faeces in patients with

diarrhoea (Kirwan & Smith 1974).

In the experiments performed by the author relating to the effects of abdominal and

pelvic irradiation on gastrointestinal function (Chapters 4 ,5, 6 and 7), gastric emptying

and small intestinal transit were evaluated by combined breath hydrogen analysis and

scintigraphy of a radio-isotopically labelled liquid nutrient meal containing the non-

absorbable carbohydrate, lactulose and radio-opaque markers. The latter were used to

determine whole gut transit by radiological quantification in a three day collection of

faeces (Read et at 1980).

2.5 INVESTGATION oF SMALL INTESTINAL PERMEABILITY

The permeabilty of the intestine is defined as that property of the intestinal wall which

modifies the permeation of solute across or into the intestine. Low molecular weight

solutes such as mannitol and monosaccharides including rhamnose diffuse across the

cell membrane through polar regions or "aqueous pores" incorporated into the

membrane structure (Solomon et al 1984). Larger hydrophilic molecules such as

ethylenediamine-tetra-acetic acid (EDTA) and lactulose do not permeate across cell
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membranes and presumably diffuse across the mucosa by an intercellular route (Axon

& Creamer 1975).

Methods of assessing intestinal permeabilty determine either the larger pathway such as

the Cr-EDTA absorption test or both pathways such as the double sugar

(lactulose/rhamnose) absorption test. In addition, both Cr-51 EDTA and

lactulose/rhamnose absorption tests can be combined.

(a) Cr-51 EDTA absorption test

This æst is based on the urinary recovery of an orally adminstered dose of Cr-51 EDTA

and therefore only tests the intercellular pathway. The reproducibility of the test has

been shown to depend on the duration of urine collection, being best for a full 24 hour

colllection (Bjarnson et al 1983). The disadvantages of this method of determining

intestinal permeability are that its accuracy is dependent on a number of factors such as

a timed complete collection of urine, normal renal function and normal gastrointestinal

transit (Brunetto et al 1990). Ingestion of alcohol, aspirin and other non-steroidal anti-

inflammatory drugs influences the results (Aarbakken 1989).

(b) Doublesugar(lactulose/rhamnose)absorptiontest

The differential sugar absorption test assesses both pathways for non-mediated

absorption of water soluble molecules (Pounder et al 1983). In the presence of mucosal

disease, the urinary recovery of the disaccharide, lactulose is increased whilst that of the

monosaccharide, rhamnose is decreased. Since the urinary recovery of an oral dose is

expressed as a ratio of the two sugars, the effect of variations in factors such as renal

function and gastrointestinal transit is minimised. A deficiency of this test is that if

absorption of both sugars is increased, or decreased to the same extent, the ratio

remains the same.
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(c) Combined Cr-51 EDTA and lactulose/rhamnose absorption test

Although the value of combining the two techniques of assessing intestinal permeability

has not been investigated, it may help interpret equivocal results with either technique

alone. For example, mucosal disease associated with rapid intestinal transit may result

in normal or reduced Cr-51 EDTA absorption test but may be detected by a rise in the

ratio in the nvo sugars, lactulose/rhamnose in the double sugar absorption test.

In the author's studies (Chapters 4,5,6 andT), intestinal permeability was determined

by both Cr-51 EDTA and lactulose/rhamnose absorption tests.

2.6 I}N¿ESTIGATION OF ANORECTAL FUNCTION

The anorectum is involved in two major functions: control of defaecation and the

preservation of continence. These functions depend on the coordinated activity of the

rectum and anal sphincters, and are influenced by rectal sensation, colonic motility and

the consistency of the stool.

Defaecation is a stereotyped sequence of actions usually initiated by a conscious

mechanism and involving a number of pelvic reflexes that are controlled and

coordinarcd by a centre in the brain stem (Read & Sun 1989). Faeces are propelled into

the rectum by propagated colonic contractions. If the stool is large enough, the resulting

rectal distension induces a desire to defaecate. This sensation is usually associated with

a rectal contracdon and a relaxation of the internal anal sphincter (IAS) which serves to

push the stool down into the proximal anal canal, increasing the defaecatory urge. If

conditions are appropriate, the subject sits or squats, contracts the diaphragm, the

abdominal muscles and the levator ani, whilst relaxing the external anal sphincter (EAS)

and possibly the puborectalis. The latter actions open up the anorectal angle and faeces

is extruded. Once defaecation has started, it can continue with no conscious effort

presumably as a result of propagated colonic contractions.
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Continence to faeces is usually mantained by the resistance of the anal sphincters.

Under resting conditions and during slow rectal distension, this is effected largely by

tonic contraction of the IAS with some tonic contribution of the EAS (Haynes & Read

1982; Sun et al 1990b). However, the IAS may be unable to maintain continence during

rapid rectal distension, rectal contraction and increases in intra-abdominal pressure,

because rapid rectal distension and contraction induce reflex relaxation of the IAS

(Duthie, 1975), and increases in intraabdominal pressure may be sufficient to

overwhelm resting IAS pressure. Under these conditions, continence is preserved by

contraction of the EAS. Contraction of the puborectalis occurs simultaneously with that

of the EAS and assists in maintaining continence by making the anorectal angle more

acute. Rectal and anal sensation, via intrinsic and extrinsic reflexes, are important in

modulating motor activity and mediating motor reflexes that underly both faecal

continence and defaecation.

Anorectal motor function can be assessed by: (a) defaecography, (b) anorectal

manometry and (c) neurophysiological æsts.

2.6.1 Defaecography

This is a radiological technique which records on videotape the changes which takes

place in the anorectum and the movements of the pelvic floor at rest, and during

defaecation. Although structural abnormalities in the anorectum such as, rectocoele,

rectal intussusception and rectal mucosal prolapse, have been identified at

defaecography, their relationship to disorders of defaecation is uncertain since these

abnormalities are also found in normal people without symptoms (Stevenson 1988).

Although no preparation of the patient is needed for the examination, defaecography

suffers from a number of disadvantages including the time required for the investigation

and the necessity for sophisicated radiological equipment. In addition, since it involves

exposure to ionising radiation, the technique is not suitable for sequential studies.
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2.6.2 Anorectal manometry

The identification of abnormalities of internal and external anal sphincter function by

manometric techniques is only possible if pressures are recorded at multiple closely

spaced sites within the anal canal (Fig. 2.5). This is because the two muscles often

exhibit reciprocal activity; hence the EAS contraction that occurs, for example, during

rectal distension, can mask IAS relaxation in the distal anal channels, but not in the

proximal channels. Interpretation of the manometric profiles is greatly facilitated by

simulataneous recording of the EAS and IAS, allowing changes in pressure caused by

activity of these muscles to be identifred (Read & Sun 1989).

2.6.3 Neurophysiological tests

Damage to the innervation of the EAS can be localised to the pudendal nerve by

demonstrating prolongation of pudendal nerve terminal motor latency. Prolongation of

pudendal nerve terminal motor latency does not provide any indication of the strength

and hence the functional capacity of the external sphincter, particularly in response to

rectal distension and increases in intra-abdominal pressure. Moreover, pudendal

neuropathy is a normal accompaniment of ageing, particularly in females, and its

demonstration does not exclude a greater role of other factors, such as loss of rectal

sensation or impaired internal sphincter function (Lauberg & Swash 1989).

More centrally located neurogenic lesions of the EAS can be diagnosed by measuring

the external sphincter responses to cerebral and spinal stimulation or by recording

cerebral potentials evoked by perineal or rectal stimulation. Such lesions are however,

rare and may be suspected on the basis of the combined manometric,

electrophysiological and sensory testing in any case (Read & Sun 1989).
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Figure 2.5 A diagram of the probes used to measure anorectal pressures and

the electrical activity of the IAS and EAS. Attached to the rectal

end of the anorectal manometer is an inflatable balloon which

enables rectal sensation and changes in anorectal pressures to

varying degrees of rectal distension to be measured. An index of
rectal compliance (^V/^P) can then be derived.

(Reproduced with permission Read & Sun 1989).
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In the study relating to the effects of pelvic irradiation on anorectal function performed

by the author, symptoms (questionnaire) and anorectal function (multiport manometry

with sensory testing and concurrent electromyography) and endorectal ultrasound of the

IAS, were evaluated (Chapter 8).

The following studies of the effects of radiation on gastrointestinal function were

performed:

I. A prospective study of the acute and subacute effects of mediastinal i¡radiation

on oesophageal function (Chapær 3).

il. A retrospective study of the chronic effects of pelvic irradiation for carcinoma of

the cervix on gastrointestinal function (Chapter 4).

ru. A prospective study of the acute, subacute and chronic effects of pelvic and

abdominal irradiation on gastrointestinal function (Chapter 5).

IV. A retrospective study of the chronic effects of abdominal irradiation for

seminoma of the testis on gastrointestinal function (Chapær 6).

V. A double blind placebo controlled study of the effects of loperamide-N-oxide on

gastrointestinal function in chronic radiation enteritis (Chapter 7).

VL A retrospective study of the effects of pelvic irradiation on anorectal function

(Chapter 8).

In the chapters which follow, the details of the methodology used for each study will be

described briefly following presentation of the subject selection criteria and the

experimental protocol. Finally the results and their significance are discussed. Since

identical methodology was used to assess various aspects of gastrointestinal function in

studies II, III, IV and V, details of the techniques used will only be presented in the

description of study tr (Chapter 4).
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CHAPTER 3

The effects of mediastinal irradiation on oesophageal function
(Gut 1995; in press)

3. 1 INTRODUCTON

Dysphagia and substernal burning are almost inevitable during the cou¡se of therapeutic

mediastinal irradiation for intrathoracic malignant diseases and may be severe enough to

interrupt treatment (Roswit et al L972). The resulting prolongation in the course of

treatment may compromise the chance of cure (Roswit etal l9lZ;Perez et al 1980). The

pathogenesis of these sequelae however, is poorly understood; in particular, it is

uncertain whether symptoms arise as a result of oesophageal mucosal damage or

disordered oesophageal motility. Mucosal damage has been documented in two

prospective studies (Nicolopoulos et aI 1985; Soffer et al1994), but its severity does

not correlate with symptoms. Delayed oesophageal transit reported in patients

undergoing mediastinal irradiation also correlates poorly with oesophageal symptoms

(LaManna et al 1985). However, there have been no manometric studies to correlate

possible changes in oesophageal transit with motilty. The aim of this study, therefore

was to investigate prospectively the relationships among oesophageal symptoms,

mucosal damage and motility changes in patients undergoing therapeutic mediastinal

irradiation for non-oesophageal malignancy

3.2 METHODS

8 patients (5 t'emale, 3 male) - median age 68 yrs (53-85 yrs), median body weight 75.9

kg (62-120.9 Lg) and median body mass index (BMI) 26.2 (21.7-42.8) undergoing

mediastinal irradiation for potentially curable carcinoma of the lung (4 patients),

Hodgkin's lymphoma (1 patient) and breast carcinoma (3 patients) were studied.

Characteristics of the patients and radiation dosimetry are summarised in Table 3.1.



Table 3.1: Characteristics of the Patients

Patient
Number

1

,)

J

4

5

7

8

Body
Weight (kg)

70.0

63.5

120.9

92.2

71.8

80.0

85.5

62.0

Radiation
Field Size
(cm x cm)

Symptom
Score

During
(Before)

Radiation

4(l)

Age
(v)

Body
Mass
Index

Diagnosis Radiation Dose
GyAlo of

fractions/d

82

85

58

69

67

53

65

75

6

22.8

)))

42.8

31.7

29.r

23.4

33.4

21.7

Carcinoma
(L) Lung

Carcinoma
(R) Lung
Carcinoma
(L) Breast
Hodgkin's
Lymphoma

Carcinoma
(R) Breast
Carcinoma
(L) Lung

Carcinoma
(L) Breast
Carcinoma
(R) Luns

30 GylI5Fl20d
20 Crylt}Fll3d
10 Gy/5F/6d
30 GyllsFl2sd
30 Gy/l5F/28d
s0 Cyl2sFl34d

35 Gyl2oFl29d
9.r Gyl6FlTd
7.5 CrylsFll}d
50 Cryl25Fl32d

30 Cry/lsFl23d
l0 Cry/lsF17d
20 Crylr0FlI3d
50 Gyl25Fl34d

44 Cryl2zFl3ld
16 Gv/8F/l ld

15.5 x 16.0

12.5 x 10.0

10.0 x 9.0
15.0 x 16.5

12.0 x 11.0

22 0 x3.4

25.0 x29.0
14.0 x 15.5

12.0 x 9.0
22.0 x32.0

15.5 x 16.0

10.5 x 11.0

10.5 x 8.0

12.5 x28.0

14.5 x 13.0
10.0 x 11.0

3(0)

2(0)

4(0)

0(0)

3(0)

5(3)

3(0)

92
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Patients with a history of oesophageal surgery or disordered oesophageal motility and

those patients with oesophageal involvement by the malignant process as demonstrated

by endoscopy and/or barium swallow were excluded. No patients received concurrent

chemotherapy. The study was approved by the Resea¡ch Ethics Committee of the Royal

Aclelaide Hospital and informed consent was obtained from each patient.

Each patient was assessed by symptom questionniare, barium swallow, endoscopy and

combined radionuclide scintigraphy and oesophageal manometry before irradiation,

during the last week of irradiation (4-6 weeks after commencement of treament) and 6-8

weeks following the completion of irradiation. The various assessments were

performed within i week of each other.

Svmotom oueslionnaire

The following symptoms were assessed at the staft of each series of measurements:

dysphagia, odynophagia, heartburn and regurgitation. Heartburn and regurgitation was

also included in the questionnaire as pre-existing reflux oesophagitis was not an

exclusion criteria and could contribute to the morbidity of mediastinal irradiation.

Dysphagia, odynophagia and regurgitation were scored as: 0 = symptom absent; 1 =

mild, requiring minor modification of diet;2 = moderate, requiring modification to

liquid diet only; 3 = severe, preventing intake of either solids or liquids(LaManna et al

1985; Nicolopoulos et al 1985). Heartburn was also graded on a similiar basis: 0 =

symptom absent; I = mild, not requiring medication; 2 = moderate, requiring

medication; 3 = severe, not responsive to medication. The total score for all symptoms

(maximum 12) was calculated. The body weight was also recorded at the start of each

series of tests. Height was recorded only on entry into the study.

Upper gastrointestinal endoscopy

Upper gastrointestinal endoscopy was performed using fibreoptic or video endoscopes.

Assessment was by a single observer (Dr R Holloway) using previously defined visual
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criteria: 0 = no changes, I = mild erythema,2 = obvious inflammatory changes

including marked erythema and submucosal swelling, 3 = friabilty, 4 = ulceration

(Nicolopoulos et al 1985). Biopsies for histological assessment were performed only if

visual abnormalities were present. The single observer was not informed of the phase

of the study of each patient at the time of endoscopy.

Combined oesophageal manometry and scintigraphy

Oesophageal manometry was performed using a multi-lumen manometric assembly. A

sleeve sensor (Dent 1916) recorded lower oesophageal sphincter (LOS) pressure. A

side hole 1 cm beyond the distal end of the sleeve recorded intragastric pressure.

Additional side holes at the proximal margin of the sleeve and at 4, 8 and 12 cm

proximally recorded pressure in the oesophageal body. A side hole in the hypopharynx

monitored swallowing. The position of each side hole as well as the mid-point of the

sleeve was marked by a radioactive cobalt marker. The sleeve, gastric and oesophageal

lumens were perfused with degassed distilled watsr at 0.5 ml/min by a

pneumohydraulic capillary infusion pump (Arndorfer et al 1977). The pharyngeal side

hole was perfused at 0.13 ml/min. Each lumen was connected to an external pressure

transducer (Transpac, Abbon Laboratories/Hospital Products Division, North Chicago,

Illinois 60064), whose output was recorded on a multichannel chart recorder at a paper

speed of 5 mm/sec.

The assembly was passed via an anaesthetised nostril and positioned so that the sleeve

straddled the LOS. The patients were then positioned supine and allowed to adapt over

a period of 15 min. Each patient then undertook a series of 10 dry and 10 water

swallows (5 ml bolus) with an interval of at least 20 sec bet'ween successive swallows.

After the unlabelled swallows, the patients then sat up with their backs to a gamma

camera. The manometric assembly was repositioned so that the side hole of the

proximal margin of the sleeve was sited 2 cm above the proximal margin of the LOS.

The position of the cricoid cartilage was marked by a labelled cobalt marker and a 5 min
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recording of the catheter and cobalt marker made to establish the positions of the

markers for subsequent analysis. Each patient then swallowed, in triplicate, 10 g

boluses of cooked hamburger meat labelled with 6 MBq Tc-99m. The patient was asked

to chew the bolus, swallow it with one swallow and then to perform dry swallows at 30

sec intervals until the bolus was seen to enter the stomach or a total of 5 minutes had

elapsed. Images of the entire oesophagus from the pharynx to the gastric fundus were

acquired starting in I sec frames for the first 150 sec and 3 sec frames for the remaining

time.

After assessment of solid transit, the patients then lay down supine. Transit of liquids

was asssssed using 5 ml water boluses labelled with 9 MBq Tc-99m. Labelled

swallows were taken in triplicate. Each bolus was swallowed in a single swallow and

subsequent dry swallows taken at 30 sec intervals until the bolus had cleared the

oesophagus or 2 min had elapsed. Scintigraphic images were acquired in 0.5 sec frames

starting 10 sec before the labelled bolus was swallowed.

Data a¡ral)¡sis

Oesophageal mnnometry

The manometric tracings of the unlabelled liquid and labelled solid and liquid swallows

were analysed for oesophageal contraction amplitude, peristaltic success and the level of

peristaltic failure for the index swallow (Figs 3.1a,3.1b). Peristaltic failurs was

deemed to occur when a contraction wave less than 10mm Hg was seen at one or more

oesophageal recording sites, or synchronous contractions at two or more recording sites

(Schoeman & Holloway 1994). For the unlabelled liquid swallows, the mean of the 10

swallows in each paúent was first calculated. The mean values of the individual patients

pre, during and after irradiation were derived by pooling the available swallows,

because technical probelms, such as fragmentation of the bolus in the mouth rendered

the swallow sequence unanalysable in some instances.
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Scintigraphy

Solid and liquid swallows were replayed as a composite image and displayed on a

screen. Using the cricoid rnarker, the marker at the mid-point of the sleeve sensor and

the isotope in the gastric fundus to define the proximal and distal limits of the

oesophagus, the oesophagus was divided into four regions of interest of equal length

each with a side-hole manometric recording site at its mid-point. Pharyngeal and gastric

regions of interest were also constructed. Time-activity curves for each region were

then generated (Blackwell et al 1983), (Figs. 3.1a,3.1b). Total transit time, was

def,rned as the time period between clearance of the bolus from the pharyngeai segment

to clearance from the distal oesophageal segment. Clearance from each segment was

deemed to have occurred when the activity of the labelled bolus had dropped to I)Vo of.

its peak value. Bolus transit was classihed as hold-up if transit time was more than15

seconds for liquids and greater than 20 seconds for solids (Holloway et al 1989) (Fig.

3.1b). For total transit, the mean values for both solid and liquid swallows pre, during

and post irradiation were derived by pooling all available triplicate swallow data for

individual patients. The percentage of hold-ups of both labelled solid and liquid boluses

was also calculated from the pooled available individual swallow measurements.

Statistical analysis

Symptom and endoscopy scores before, during and post irradiation were analysed

using the non-parametric rank sum test (Koch 1969) and linear regression analysis. The

manometric and scintigraphic data obtained from various phases of the experiment were

compared, using analysis of variance for multiple comparisions (ANOVA). As the

distributions of both symptom and endoscopy scores were skewed, these parameters

are shown as median values and interquartile ranges. Manometric and scintigraphic data

are shown as mean values + SEM. A p value of < 0.05 was considered significant in all

analyses.
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3.3 RESULTS

Svmotoms

Betbre irradiation, all but 2 patients (patients 1 and 7) both of whom had heartburn

with/without regurgitation), were free of symptoms. In contrast, all but I patient

(patient 5) experienced odynophagia and/or dysphagia during mediastinal irradiation

(Table 3.1). The two patients (patients I e.7) who hadpre-existing reflux reported a

worsening of their symptoms. There was no significant weight loss in the group as a

whole. One patient (patient 2), with locally advanced lung cancer, however lost 6 kg

weight during irradiation. Except for the patients with pre-existing reflux symptoms, all

oesophageal symptoms had resolved 6-8 weeks following completion of inadiation.

Endoscopy

Before irradiation, endoscopy was normal in all but one patient (patient 7) who had two

streaks of erythema approximately 1 cm in length just proxiaml to the oesophago-gastric

junction, consistenl with pre-existing reflux oesophagitis.

During radiation therapy, endoscopic abnormalities were found in three patients

(patients 1,3 &. 8). In patients 1 & 8, neither of whom had mucosal lesions pre-

irradiation, the changes consisted of patchy mucosal ulceration in the proximal

oesophagus. Histological examination of biopsies of these mucosal lesions showed

changes consistent with radiation effect. Paúent 3 was noted to have candidiasis in the

distal oesophagus. Interestingly, the mucosal changes noted before irradiation at the

oesophago-gastric junction of Patient 7 werc no longer visible.

The endoscopic abnormalities noted in all three patients during mediastinal irradiation

resolved completely 6-8 weeks after its completion. There was no correlation between

the severity of oesophageal symptoms and endoscopic lesions.
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Scintigraphy

(i) Liquid bolus

Before irradation, mean transit time was within normal limits (Table 3.2) although23Vo

of the swallows were classified as having held-up. During and post-irradiation, neither

the percentage of swallows which were held-up nor mean transit times changed

significantly.

(iÐ Solid bolus

In contrast to the liquid swallows, 63Vo of the solid sequences pre-irradiation were

characterised as held up and resulted in prolongation of mean transit time for solids

(defined as greater than 20 secs). During and afær irradiation, no significant changes in

percentage of hold-up of solid swallows or mean transit times were observed.

Manometry

(Ð Unlabelled swallows

No significant changes in the manometric parameters were observed during or post-

irradiaúon compared with those measured pre-irradiation (Table 3.2).

(ü) Liquid bolus

Before irradiation, the transit sequences with bolus hold-up were associated with either

peristaltic t'ailure (33.3Eo) or hypotensive contractions (16.7Vo), at or above the level of

hold-up. During and post-irradiation, however, none of the manometric parameters

changed signif,rcantly (Table 3.2).

(üi) Labelled solid swallows

Before irradiation, the major pattern of motility associated with hold-up was peristaltic

failure, accounting for 58.3Vo of the sequences; 33Vo were associated with hypotensive

contractions. The remainder of the sequences were associated with normal peristalsis.

During irradiation, the manometric measurements did not change significantly. In

contrast, after irradiation, peristaltic transit time increased (p < 0.01).



Table 3.2: Results in pntients at Baseline (Pre), 4-6 Weeks After Starting Radi
(During) and 6-8 Weeks Following Completion of Radiation (Post)

Parameter Pre During Post

Symptom Score"

Endoscopy Score"

Oesopha geal Scintigrnphy
(i) Liquid:

Transit Time (sec)b

Hold-up (% tests)
(ii) Solid:

Transit time (sec)b

Hold-up (% tests)

Oesophagenl Mnnometry
(i) Unlabelled:

Total transit (sec)
Contraction Amp (mm Hg)
Peristaltic failures (% tests)

(iD Labelled liquid:
Total transit (sec)b

Contraction Amp (mm Hg)b
Peristaltic failures (% tests)

(iii) Labelled Solid:
Total transit (sec)b

Contraction Amp (mm Hg)b
Peristaltic failures (% tests)

3.0* (2.s-4.0) 0.0 (o-o.s)

0.0 (0-1.s) 0.0 (o-o)

o.o (0-0.s)

o.o (0-0)

11.0 + 1.6
23

47.4 + 11.4
63

6.3 + 0.4
62.4 + t4.0
48.0

65+0.6
51.5 + 5.1

50

6.1 + 0.5
47.4 + 7.9
8l .8

10.3 + 1.4

13

57.3 + 10.2
78

7.0 + 0.4
65.6 + 13.7
49.0

6.1+ 0.5
63.6 + 9.2
66.67

7.0 + 0.7
49.7 + 5.t
69.6

13.1 + 2.8
2l

44.6 + 7.8
75

6.4 + 0.3

72.2 + 17.5

41.0

6.7 + 0.4
69.2 + 8.2
52.t7

9.0** + 1.0

64.8 + 12.2

619

*p < 0.001, **p ( 0.01, ANOVA
omedian (interquartile range), omean + SEM
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3.4 DISCUSSION

This is the first comprehensive study of the effects of mediastinal irradiation on

oesophageal function and also the first to examine critically its effects on oesophageal

motility. Previous studies have either focussed on symptoms and mucosal changes

(Nicolopoulos et al 1985; Soffer et al 1994), or on symptoms and oesophageal transit

(LaManna et al 1985).

'We have confirmed previous observations that symptoms referable to oesophageal

dysfunction are almost inevitable during mediastinal irradiation (Roswit et aL 1972).

Unlike a previous study (Soffer et al 1994), however, there was in general, no

associated weight loss in our patients. This is likely to be attributable to differences in

the characteristics of the patient group. In our study only those patients who were

potentially curable were included, in contrast to the previous study in which the

majority of patients were treated with palliative intent and therefore were likely to have

metastatic disease (Soffer et al 1994).

The demonstration of macroscopic oesophageal mucosal abnormalities in only 3 out of

8 patients is consistent with the findings of previous studies (Nicolopoulos et al 1985;

Soffer et al 1994). The mucosal changes were mild, confined to the proximal

oesophagus or associated with candidiasis in the distal oesophagus and did not correlate

with the severity of oesophageal symptoms. However, biopsies were not obtained in

patients with no visual evidence of oesophageal damage.

It has previously been suggested that oesophageal symptoms in patients undergoing

mediastinal irradiation may reflect disordered oesophageal motility (Soft'er et al1994).

We found no evidence to support this concept, there being no significant change in

motility or transit associated with radiation therapy. The absence of changes of

oesophageal transit conflict with the only other prospective study of oesophageal motor

function during mediastinaì irradiation (LaManna et al 1985). The discrepant findings
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can be att¡ibuted to differences in the patient selection criæria and methodology between

the studies. In the previous study (LaManna et at 1985), patients with structural lesions

such as strictures causing mechanical obstruction were not excluded and these

abnormalities could have contributed to the observed prolongation of oesophageal

transit. It is also possible that the assessment of scintigraphic oesophageal transit in the

previos study was influenced by rapid double swallows, which are known to induce

abnormal peristaltic responses (Vanek & Diamant 1987), and the inclusion of sequences

associated with a fragmented bolus.

The absence of significant changes in oesophageal transit and motility despite the

development of oesophageal symptoms in virtually all patients has a number of possible

explanations. The inclusion in our sudy of three patients with breast carcinoma who

received a calculated radiation dose to the oesophagus of approximately a third of the

other patients, may theoretically have contributed to our negative findings. However,

this appears unlikely since despite the lower radiation doses, two of the three patients

had oesophageal symptoms during mediastinal irradiation. Second, it is possible that

mediastinal irradiation caused subtle changes in oesophageai motility that were not

detected, either because of the relatively small number of patients studied, or inadequate

sensitivity of the measurements used. Although we only studied eight patients, the data

analysis for each phase of the protocol was based on a total of sixteen individual patient

swallows. It is unlikely therefore that a Type II statistical error could have occurred

under these circumstances. Although the overall sensitivity of concurrent oesophageal

radionuclide scintigraphy and manometry in detecting changes in oesophageal motor

function has not been formally assessed by longitudinal studies, the overall sensitivity

of radionuclide transit and manometry in detecting oesophageal dysmotility has been

reported as 75Vo and 83Vo respectively (DeCaestecker et al 1986) and it is

acknowledged that the diagnostic yield of concurrent studies is higher (Blackwell

1989).
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Third, small changes in oesophageal function may have been masked by underlying

abnormalities in oesophageal function. The relatively high percentage of hold-ups of

solid and peristaltic failures of both liquid and solid swallows observed in our patients

pre-irradiation is possibly a function of their advanced age, since data in younger

subjects from our laboratory indicate that the prevalence of these abnormalities is much

lower (Tippett et al 1994). Although a younger group of patients may have shown

changes in oesophageal motor function during radiation therapy, we do not believe that

this data would be representative of the typical population of patients currently subjected

to mediastinal irradiation, given the increasing use of chemotherapy instead of radiation

for Hodgkin's lymphoma. The significance of our observation that the manometric

transit of solid slowed following irradiation is uncertain, since it occurred when

oesophageal symptoms had resolved.

The most hkely explanation for the development of symptoms in the absence of changes

in oesophageal transit and motility is that oesophageal symptoms are the result of

exaggerated mucosal sensitivity consequent to mediastinal inadiation. This increased

perception of stimuli in the absence of motility changes has been demonstrated in other

parts of the gastrointestinal tract (Mearin et al 1991; Accarino etal1992). Increased

mucosal sensitivity as a result of mediastinal irradiation could lead to the perception of

previously asymptomatic bolus hold-up. This hypothesis, however, awaits specific

investigation.
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CHAPTER 4

A retrospective study of the effects of pelvic irradiation for
carcinoma of the cervix on gastrointestinal function (Int J
Radiat Oncol Biol Phys 7993;26:229-237)

4.T INTRODUCTION

Pelvic irradiation is frequently used in the curative treatment of carcinoma of the cervix

and other abdominal or pelvic malignancies. During the course of pelvic irradiation,

acute radiation enteritis characærizedby diarrhoea with or without abdominal cramps is

almost inevitable (Yeoh & Horowitz 1987). While it is recognized that chronic

radiation enteritis is a clinically important sequel to radiation treatnent, the prevalence

of chronic radiaúon enteritis is uncertain. Retrospective surgical series peCosse et al

1969; Schofield et al 1983) suggest a prevalence of 5-I57o, but do not include patients

who have died or were lost to follow-up in the prolonged interval between treatment

and the development of symptoms. One retrospective medical series indicates that in

about 70Vo of female patients, pelvic radiotherapy is associated with a chronic increase

in stool frequency (Newman et aI1973). It is likely, therefore, that the majority of

patients do not seek medical attention until the occurrence of a serious complication

such as bleeding, stricture, or fistula formation and that an increased frequency of

bowel actions is the most frequent symptom of chronic radiation enteritis.

While the histological abnormalities associated with chronic radiation enteritis are well

documented (Wellwood & Jackson 1973), the effects of radiation on gastrointestinal

function and the pathogenesis of dianhea due to chronic radiation enteritis is poorly

understood. Abnormalities in gastrointestinal absorption (Dalla Palma 1968; Stryker et

al 1978; Stryker & Demers L979) and transit (Frankendal & Junghagen 1974) have

been documented in some patients but to date there has been no comprehensive study of
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gastrointestinal function in patients who had received abdominal or pelvic irradiation.

'We have now evaluated various aspects of gastrointestinal function in a randomly

selected cohort of patients treated with pelvic irradiation for carcinoma of the cervix

between 1-6 years previously.

4.2 METHODS

Subiects

30 randomly selecæd patients who had completed pelvic irradiation for carcinoma of the

cervix 1-6 years previously were studied. The study group was derived from 90

consecutive patients treated for carcinoma of the cervix with pelvic irradiation, with or

without surgery by two radiation oncologists (EKY &ASA) in the years 1985-L990.43

of these patients had died and in at least 28 of these cases, death was related to recuffent

malignant disease. Patients who have had gastrointestinal surgery, apart from

uncomplicated appendicectomy, were excluded. Other criteria for exclusion were

inflammatory bowel disease, pernicious anaemia, evidence of hepatic and renal function

(any biochemical parameter for hepatic function exceeding twice the normal range

and/or plasma creatinine > 0-72 mmoVl), and a constant requirement for medication

(such as anti-cholinergics, anti-depressants or non steroidal anti-inflammatory drugs)

which could influence gastrointestinal motility, or interfere with the assessment of the

intestinal permeability.2 patients had previous bowel resection for complications of

radiation enteritis and were not eligible for the study. 2 patients were lost to follow-up.

The remainng43 patients were all invited to participate in the study of whom 30 agreed

and 13 declined. One of the patients who refused to be studied had been previously told

that she had radiaton enteritis.

30 patients [median age 60 yr (27-81yr), median body weight 63 kg (39-91 kg) and

median body mass index (BMI) 25 (16-41)l were therefore studied. Significant

intestinal stricture was excluded in all cases by a radiological small bowel series. 19 of
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these patients had radiation treatnent alone and 11 patients had radiation treatnent either

before of after surgery. Characteristics of the patient group and details of radiation

treatment are shown in Table 4.1.

18 normal volunteers [11 female,T male, median age 45 yr (I9-75 yr), median body

weight 75 kg (45-109 kg) and median body mass index (BMI) 26.0 (17.8-38.7)l who

had no history of gastrointestinal disease and were not taking any medication were also

studied.

All but three of the patients and all but one of the control subjects was Caucasian.The

control subjects were younger than the patients (p < 0.05). Body weight was greater in.

control subjects compared with the patients (p < 0.05), but there were no significant

difference in BMI between the two groups.

Protocol

Each of the patients and normal volunteers underwent the same tests of gastrointestinal

function.

Measurements

The following measurements of gastrointestinal function were assessed in the patients

and control subjects: (a) Gastrointestinal symptoms (questionnaire) (b) Absorption of: i)

bile acid and vitamin BI2, ii) lactose, iii) fat, and measurement of stool weight (c)

Gastrointestinal transit: gastric emptying, small intestinal transit and whole gut transit

and (d) Intestinal permeability.

Because of methodological practicalities, absorption of bile acid and vitamin B 12 was

determined before the measurements of gastrointestinal transit and intestinal

permeability was measured last.



TABLE 4.1: Characteristics of the patient group

Patient

61I

2

3

4

5

6

7

8

TFIGO
Stage

Age
(YÐ

trIa

IIb 58 74

Ib 45 67

IIb

IIb

Ib

IIb 61 83

IIb 48

69

Body
Weight (Kg)

Body Mass
Index

Treatment

Radiation Alone

Radiation Alone

Radiation Alone

Radiation Alone

Radiation Alone

Radiation Alone

Surgery & Radiation

Radiation Alone

26_0

24.2

22.5

22.7

23.3

40.8

29.7

30.9

Radiation Dose *

GyA{o. of FractionVDays

M.95 Gyl25 F/32 Days
(25 Gy to Point 'A'/52 hr)

44.æGyl22 F/32 Days
(25 Gy to Point '4746 hr)

50.00 Gyl25 F/36 Days
(25 Gy to Point '4745 hr)

45 Gyl25 F/39 Days
(25 Gy to Point 'A'/54 hr)

MGyl22 F/33 Days
(26 Gy to Point '4749 hr)

30 Gy/10 F/12 Days
(30 Gy to Point 'Ã'x2164159 hr)

50 Gyl25 F/3 Days
(20 Gy to Vaginal Vaull39 hr)

50 Gyl25 F/33 Days
(25 Gy to Point '4748 hr)

44Gy/23 F/36 Days
(30 Gy to Point'A'/48 hr)

Size of Radiation
Field+(cmxcm)

16.5 x 18.5

18.5 x 16.0

18.0 x 20.0

17.5 x 15.5

17.0 x 18.0

16.0 x 15.0

17.0 x 18.0

18.5 x 20.5

62

65

65

43

73 85

87

9 72 55Ib 19.0 Radiation Alone 16.0 x 14.0

108



Table 4.1 continued

Patient TFIGO Age
Stage (YÐ

Body
Weight (Kg)

Treatment

Radiation Alone

Radiation Alone

Surgery & Radiation

Radiation Alone

Surgery & Radiation

Radiation Alone

Radiation Alone

Surgery & Radiaûon

Surgery & Radiation

Body Mass
Index

Radiation Dose *

GyAIo. of FractionVDays

45 Gyl25 F/38 Days
Q5 óv to póinr'Ã'äo n.)
46 Gy/25 F/37 Days
(26 Gy to Point'A'/50 hr)

50Gyl25 F/37 Days
Q0óV Vugind MóutOl¡g ht)

M Gyl22 F/30 Days
(25 Gy to Point'A'/40 hr)

45 Gyl25 F/35 Days
l4.4Gylï F/32 Days

MGyl22 F/30 Days
(25 Gy to Point'A'/46 hr)

46 Gyl23 F/36 Days
(25 Gy to Point'A;/60 hr)

45 Gyl25 F/38 Days

45 Gy/25 F/40 Days
(15 Gy to Vaginal Vaull2S hrs)

Size of Radiation
Field+(qnxcm)

17.0 x 16.5

15.0 x 20.0

17.5 x 17.5

17.0 x 17.5

16.0 x 15.0
11.5 x 10.0

15.0 x 14.5

19.0 x 15.0

18.5 x 16.5

16.0 x 15.5

IIb 7T 68

rrb 65 10

rrb 70 58

Irb 43 78

rb 58 39

rlb 53 50

rrb 76 64

rb 39 61

rb 68 55

15

10

11

12

13

L4

16

t7

18

25.6

25.7

25.2

28.0

16.3

20.8

27.8

25.4

24.4

109



Table 4.1 continued

Patient TFIGO
Stage

Body
Weight (Kg)

Treatnent

Surgery & Radiation

Radiation Alone

Surgery & Radiation

Radiation & Surgery

Radiation Alone

Radiation Alone

Surgery & Radiation

Surgery & Radiation

Radiation Alone

Age
(YÐ

Body Mass
Index

Radiation Dose *

GyA{o. of FractionVDays

45 Gyl25 F/36 Days
20 Gyll} F/14 Days

45 Gyl25 F/41 Days
(25 Gy to Point 'A'/34 hr)

(60 Gy Vaginal Mould/84 hr)

45 Gyl25 F/34 Days

44Gyl22Fl31 Days
(21Gylt0 F/l3 Days)

50 Gyl25 F/56 Days
(20 Gy to Point'A'/50 hr)

50Gyl25 F/36 Days

50 Gyl25 F/36 Days
(20 Gy Vaginal Mould/24 hr)

50 Gyl25 F/48 Days
(20 Gy to Point'A'/43 hr)

Size of Radiation
Field+(cmxcm)

15.5 x 16.0
10.0 x 7.5

17.5 x 17.5
16.5 x 15.5

19 11IIb

tra

IIb

IIb

20

rrb 66 5124

25

26

27

2T

22

23

6t

47

58

21.7

24.6

37.0

20.9

19.9

19.9

26.r

29.3

18.3

19.5

18.0
12.0

n.0
16.0

19.0

19.5

50

tra 27 59

91

59

54

Ib 50 80

Ib 52 15

tra 64 45

18.0 x

17.5 x
13.0 x

15.0 x
16.0 x

16.0 x

15.0 x

15.5 x 16.5

110



Table 4.1 continued

Patient TFIGO
Stage

Body
Weight (Kg)

Treatnent

Radiation Alone

Radiation Alone

Surgery & Radiation

Age
(YÐ

Body Mass
Index

Radiation Dose *

Gy/|,Io. of Fractions/Days

50 Gyl24 F/36 Days
(25 Gy to Point'A'/39 hr)

44Gyl22 F/33 Days
20 GylI} F/14 Days

50 Gyl25 F/36 Days

Size of Radiation
Field+(cmxcm)

16.0 x 19.0

16.0 x 18.0
10.0 x 10.0

l7 .0 x 21.0

72

62

62

55

42

28

29

30

+

Å

'

Ib

IIb 81

Ib

27.1

25.2

22.2

* For each P{ign^t,^ celerator) given first and except for patient 6 and 28, the dose
increment is 1.80 x/week. Iitracavitary radiati^cln dosles are given in parentheses and
are prescribed to cases doses are presiribed to the outer surTace of väginal mould.
Selectron applicators were used for intracavitary radiation therapy.

Sizes given ge fo¡ AP-PA fields only. Most patients had treatment with a 4 field technique. Except for patient 6 (who received 2
intracavitary insertions), no shielding of central pelvic structures was employed.

International Federation of Gynecology and Obstetrics
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(a) Gastrointestinal symptoms

The following symptoms were assessed by questionnaire on entry into the study:

nausea, vomiting, abdominal pain and frequency of bowel actions (number of bowel

actions per week). Except for frequency of bowel actions, each symptom was scored

according to the following classification: 0 = Symptoms absent, 1 = Mild; symptoms

could be ignored if the subject did not think about ít,2 = Moderate; symptoms could not

be ignored but did not influence daily activities, 3 = Severe; symptoms influenced daily

activities (Horowitz et al 1985b). The total score (Maximum 9) was calculated. The

number of bowel actions and their consistency in the three day faecal collection

performed for measurement of fat excretion and the presence or absence of faecal

incontinence was recorded.

A questionnaire was also used to record dietary intake of milk products and fat and the

presence or absence of intolerance to milk and milk products (symptoms of nausea,

abdominal bloating, abdominal cramps or diarrhoea) after each subject had been

enrolled into the study. Intake of dairy foods was expressed as calcium intake/week and

fat intake classified as 1 = low, 2 = medium or 3 = high (Angus & Eisman 1988).

(b) Absorption studies

Ð Bile acid and vitamin 812 absorption

On day 1, following a light breakfast at 0700h, one capsule of Co-58 Vitamin 812 (Co-

58 812), (Amersham International) containing 30kBq Co-58 was ingested orally with

30ml water at 0900h. The photo-peak counts corresponding to the 808 keV photon

energy of Co-58 and the 265 keY photon energy of Se-75 (to correct for down scatter

from the higher energy Co-58 window into the lower energy Se-75 window) were

recorded from a whole body counter with a moving circula¡ gantry of four diametrically

opposing sodium iodide crystal detectors of l2-5 cm diameter each and the spectrum

stored in a multichannel analyser. At 0930h one capsule of Se-75 Hcat (Amersham

International) containing 37kBq Se-75 was then swallowed with 30 ml water. 4h later
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the number of counts in both the Co-58 and Se-75 photo peak windows were

determined. This figure, after correction for room background counts (and Compton

scatter from the Co-58 into the Se-75 photo peak windows), was considered to

represent L00Vo whole body retention. At 0900h 7 days later the counts in both Co-58

and Se-75 photo peak windows were again measured. This number, after correction for

room background counts, radionuclide decay and Compton scatter was used to derive

the percentage whole body retention of bile acid and vitamin B 12 (Yeoh et al 1984).

ü) Lactose absorpúon

The evening meal preceding the test day was consumed before 7pm and consisted of

absorbable carbohydrates eg., mealrice with or without salad. A list of forbidden non-

absorbable carbohydrates was given to the subject who was instructed to fast from

10pm the evening before until after the test was over. Smoking was not permitted an

hour before and during the æst

On the morning of the test, the subject was first given an antibacterial mouthwash of

IVo chLorhexidine following which a basal end expiratory breath sample was taken. At

0900h 50 g lactose dissolved in 200 ml water was then ingested and subsequent breâth

samples taken at least every 30 min for up to 4 h. All breath samples were analysed for

hydrogen concentration using a chromatographic method capable of detecting

concentrations as low as lppm (Robb & Davidson 1983). The results were nonnalized

to correct for variations in breath sample quality using simultaneous measurements of

oxygen, carbon dioxide and nitrogen (Newcomer 1984). A sustained peak in breath

hydrogen greater than 10 parts per million was taken to indicate malabsorption of

lactose (Horowiz et al 1987). Symptoms such as nausea, abdominal bloating, cramps ,

or diarrhoea were recorded during and the day afær the performance of the æst.
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üi) Fat absorption

The subjects were placed on a normal diet estimated to contain 50-150 g fat. A three day

collection of faeces was arranged to coincide with the start of the radioisotopically

labelled liquid nutrient test meal used for measuring gastrointestinal transit (v.i.). Each

bowel motion was collected in a plastic bag which was used to line a specially

constructed metal rim designed to fit onto a conventional toilet bowl. The plastic bag

was then tied and labelled with the daæ and time of the specimen. It was then placed in

a pre-weighed tin, and when the three day collection was compleæd weighed again. The

number of radio-opaque markers in each labelled bowel action was determined by

orthogonal x-rays to determine whole gut transit (v.i.). The consistency of each bowel

action and its wet weight were noted. The entire three day collection was then pooled

and homogenized by adding a known volume of water and the weight of the

homogenate calculated. An aliquot was taken, placed in a pre-weighed glass cylinder

and boiled with concentrated hydrochloric acid. The liberated fatty acids was then

extracted in chloroform, dried and weighed (van de Kamer et al 1949 modified for

extraction of fatty acids in chloroform). The result was then calculated as follows and

expressed in mmol fal3days:

Wt of faeces - (Wt of tin + faeces) - (Wt of tin)

Wt of homogenate - (Wt of faeces + W't of water added)

V/t of aliquot of homogen¿1s = (Wt of aliquot + cylinder) - Wt of cylinder

x 5.28 = Total fat, mmoU3d

(c) Gastrointestinal transit

Data acquisition

At 0830 h, following an overnight fast from 2200 h the evening before the test, each

subject ingested 200 ml water containing 10 g lactulose (Duphalac-Duchar, Holland),

20 g dextrose, 40 MBq Tc-99m sulphur colloid and 50 cylindrical radio-opaque plastic
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markers (sections of tubing 4mm x 2mm) (Read et al 1980) over two minutes. The

subject then lay supine under a large field of view gamma camera linked to a PDP-I1

computer. A cobalt marker was placed at the anterior superior iliac crest to aid alignment

of images. Data were acquired tbr approximately 5 h. For the tirst 30 min after meal

completion, data were sampled every minute, followed by 3 min frames for the

remainder of the study. End-expiratory breath samples were taken at 10-15 min

intervals following ingestion of the meal for breath hydrogen analysis. During the study

the subject was allowed to sit up, or walk around briefly if they wished every 60 min.

Regions of interest were initially drawn around the stomach and ascending colon. This

task was greatly facilitated by replaying the entire series of scans backwards in time so

that the ascending colon which was well defined by the radionuclide in the later scans

(Fig a.1) can be located in the earlier scans (Malagelada et al 1984). The images in the

earlier scans were then aligned, the cobalt marker sited at the anterior superior iliac crest

serving as an additional anatomical landmark (Read et al 1986). Regions-of-interest

were then drawn to define the caecum, tranverse and descending colon as well as a

suitable background region at the periphery of the images and the alignment of the

images in these later scans completed. As previously reported (Malagelada et al 1984)

cases of genuine overlap of the terminal ileum ard caecum were rare and occurred in

less than lÙVo of studies as it was possible not only to look at the images backwards but

also to verify the arrival of the radionuclide in the colon from the breath hydrogen data.

In those studies where the terminal ileum was not able to be separated from the caecum

confidently, the region-of-interest in the ascending colon was drawn with the lower

limit at mid-ascending colon as previously described (Caride et al 1984). The counts in

each region were then corrected for radionuclide decay and background and normalised

to the maximum count in the stomach and colon as a whole. Time activity curves of

gastric emptying and colonic fitling were generated by a series of least squares fit to the

data points using two of the following mathematical functions:



Figure 4.1

1I6

Abdominal scintiphotograph showing the intraabdominal

distribution of a liquid technetium Tc 99m-labelled lactulose

nutrient meal at various time intervals after ingestion. The ascending

colon which is easily identifiable in the scintiphotograph at 4hr post

ingestion aids in the locating the caecum at 60 min.
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(1)

(2)

(3)

(4)

(s)

linea¡,

exponential,

logarithmic,

power,

modified power,

f(t,a,b)=a+b.t

f(t,a,b) axeb.t

f(t,a,b) = a+b.ln(t)

f(t,a,b) = a+tb

f(t,a,b) - 2-(axÐb,

where f = activity, t = time, e = exponent, ln = logarithm to base 10, and a and b =

constants.

It was found that almost invariably, the exponential function gave the best fit to the

gastric emptying data whilst the linear function provided the best fit for the colonic

fitling data (Figs 4.2 &¿.¡). gV a process of computer subtraction, time activity curves

characterising small intestinal residence were subsequently derived (Fíga.Ð. Time zero

was considered the time of completion of the test meal. A sustained rise in breath

hydrogen concentrations = or > 5 ppm (determined by gas chromatography) was

considered to represent the anival of the meal at the caecum (Read et al 1986).

For gastric emptying the lag phase before any radionuclide emptied from the stomach

and the 50Vo emptying time were determined (Collins et al 1983). For small intestinal

transit the following parameters were determined:- (1) start of colonic filling (anival of

the head of the meal assessed scintigraphically and by breath hydrogen measurements)

(Caride et al 1984), (2) small intestinal transit (start of colonic filling minus the lag

phase for gastric emptying), (3) small intestinal residence (area under derived small

inæstinal transit time activity curve), (4) time for 50Vo colonic filling (Read et al, 1986,

Malagelada et al, 1984). Whole gut transit was determined radiographically by the first

arrival of radio-opaque marker(s) in the faeces and the time when 507o or more of the

radio-opaque markers were in the stool (Read et al 1980).
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(d) Inæstinal permeability

Ð Cr-EDTA absorption test

Each subject was initially asked to collect their urine for 24 h prior to the test. At 0930,

following an overnight fast (from 2400 h), the subject ingested 2-10 ml of a stock

solution of chromium-51 labelled ethylenediamine- tetra-acetic acid (Cr-EDTA)

(Australian Atomic Energy Commission Code No CRIMI) containingTí0 kBq of Cr-

51, followed by 300 ml water. Fasting was maintained for a further 2 h, after which a

normal diet was permitæd. Subjects were instructed to take no alcohol and aspirin and

to collect urine for the next 24 h. The entire 24 h collection was then counted in a large

volume counter ('ECKO' Dual 2"). The pre-Cr-EDTA dose was also counted, to

correct for any background activity derived from the Se-75 from the bile acid absorption

test. The percentage urinary recovery of the orally adminstered dose was then calculated

as follows:

Subject counts =
Subject dose (ml)

Std dose (ml) x nett std count

x 100

Std (Standard) count was determined by the stock solution and diluting to 2.5 litres

water in a urine collection bottle and counting under identical conditions as the urine

collection in the large volume counter. All samples were counted within 36 hours from

commencement of the study (Hetzel et al 1986).

ü) Differential sugar absorption test

After an overnight fast (from 2400 h), each subject was asked to urinate and then given

22.6 g glucose, 5 g lactulose and 1 g L-rhamnose in 100 ml of distilled water and

instructed to collect urine over the next 5 h. Thirty min after ingestion of the test

solution the patient was encouraged to drink water and was allowed a normal diet after

3 h. The volume of urine was noted. A I ml sample was estimated for urea content and

vo rJnnaru excretior nett unne counts'- -------J ----------l = Subject counts
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the concentrations of lactulose and rhamnose determined by high performance thin layer

chromatography in a 2 ml aliqout of urine (Menzies et aI L979). Lactulose-rhamnose

ratios were calculaæd using the following formula:

Lactulose conc
Urea correct Rhamnose conc

Stastistical analysis

The Mann-Whitney tsst was used to compare patient dat¿ to tfìat obtained in the control

subjects. Linear regression analysis was also used to evaluate the data" The Chi-squared

test was used to evaluate changes in lactose absorption. A p value < 0.05 was

considered significant in all analyses.

4.3 RESI.]LTS

All patients and control subjects completed the study protocol. One lactulose/rhamnose

intestinal permeability measurement (patient 20) was lost. Table 4.2 summarises the

results of the measurements in the patients and control subjects. Most patients had

relatively few gastrointestinal symptoms, although the prevalence of symptoms was

greater (p < 0.001) in the patients than in the control subjects. Stool frequency was not

significantly different between the two groups, although in five patients the frequency

of bowel actions/week was greater than the control range (Fig. a.5) and stool

frequency/week before the commencement of radiation was 7 (2-32) compared to 10 (4-

26) after radiotherapy (p < 0.001). Six patients suffered from fecal incontinence. Stool

weight was slightly less in the patients compared with the controls (p < 0.05). Bile acid

(p < 0.001) and vitamin B12 (p < 0.01) absorption were less in the patients compared

with the control subjects (Fig. a.6). Bile acid absorption was below the control range

in 14 patients. Fecal fat excretion was less (p < 0.05) in the patients. There was a

marked increase (p < 0.01) in lactose malabsorption in the patients. Although only one

patient gave a history of milk intolerance, dietary calcium intake was lower (p < 0.05)

in those patients with lactose malabsorption (2870 mg/wk (73-6899)) when compared

1

)X
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TABLE 4.2 Measurements of gastrointestinal function in patients and in
control subjects *

Pa¡ameter Control
subjects

Patients p value

Number of subjects
Calcium Intake (mg/wk)

Gastrointestinal s]¡mptoms
Score
Stool frequency/wk
Stool frequencyl3d
Stool wt/3d (g)

Absorption
SeHCAT (7o)

Co-58 YitBl2 (Vo)
Fecal fat (mmoV3d)
Lactose malabsorption (no)

Gastrointestinal transit
Gastric emptving
Lag phase (min)
50% emptying (min)

Small intestinal transit
Start colonic filling (min)
50Vo colonc filling (min)
Small inæstinal transit (min)
Small intestinal residence (AUC)

Whole sut transit
First marker (hr)
50Vo markers (hr)

Intestinal Permeability
Cr-51 EDTA(Vo)
Lactulose/Rhamnose (ratio)

0 (0-1)
8 (3-14)
4 (2-r0)

18
31ss (6s-9486)

s07 (308-11e0)

23 (e-64)
81 (29-99)
s3 (20-80)
2

0.5 (0.5-8)
6s (27-99)

s7 (23-Lr7)
178 (88-2es)
s2 (22-rt4)
39 23-s8)

30
3170 (73-r43s0) N.S_

o (0-8)
r0 (4-26)
4 (2-e)
3ss (r20-74s)

e (0-61)
6e (37-e6)
3e (t1-r64)
T3

<0.00 1

N. S.
N.S.
<0.01

<0.001
<0.01
<0.05
<0.01

r.s (0.7-4.r)
0.09s (0.04-0.29)

o.s (0.5-5.5)
4s (r3-7r)

30 (e-73)
126 (6r-204)
2e (6-66)
31 (10-s1)

24 (7-72)
46 (10-72)

2.2 (0.6-7.3)
0.10 (0.02-0.2s)

<0.001
<0.01

<0.001
<0.001
<0.001
<0.01

27
33

(7
(1

-48
8-7

)
2)

N. S.
N. S.

N.S
N.S

* Data are median values and ranges (analysis by Mann-Whitrey U test).
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to the remainder of the group (4995 mg/wk (1548-14350)). Gastric emptying (p <

0.01) and small intestinal transit (p < 0.01) were faster in the patients than in control

subjects. There was no significant difference between the two groups in whole gut

transit, although this was faster than the control range in two patients (Fig.4.7). There

was no difference in intestinal permeability between the two groups. Either bowel

frequency, bile acid absorption, vitamin 812 absorption or orocecal transit was outside

the control range in 19 of the 30 patients.

In the control group, there was a significant relationship between bile acid absorption

and whole gut transit (r=0.48, p < 0.05 for both lst and 50Vo markers). In the patients,

bite acid absorption was related to both whole gut transit (r=0.40, p < 0.05 for 1st

markers and r=0.48, p < 0.01 f.or 507o markers) and stool weight (r=0.50, p < 0.01).

Orocecal transit (r=-0.42, p < 0.05) and whole gut transit for lst marker (r=-0.45, p <

0.05) were related to stool frequency (Fig. a.8). Stool weight was related to whole gut

transit f.or 507o markers (r=0.54, p < 0.01). Intestinal permeability to Cr-51 EDTA

was related to small intestinal transit (r=0.37, p<0.05) and whole gut transit for lst

markers (r=0.48, p < 0.01).

There was no significant relationship between measurements of gastroinæstinal function

and either total radiation dose or the age of the patient. Vitamin B 12 absorption was

related (r=0.41, p < 0.05) to the time since completion of radiation treatment. There

were no differences in the measurements between patients who received radiation

treatment alone and those who had radiation treatment with surgery (Iable 4.3).



Gastrlc empty¡ng1n

tr
Eso
ED

.E 
^rt.H

CL
E¿oo
so20
¡f)

aa

q¡
t.1
7
a

Ë

a-
a

-r-o
I
o
aa
a
¡
a

100

0

80

60
a

c,

ts¿o
so
u)

20

a

p<0.01

80

70

60

50

-* oo

30

20

t0

0

Small bowel resldence

a p<0.01

Whole gut transit

.t
aons
.¿

€.D

NORMALS PATIENTS

a.rt
,
¡t
a

¡!a

0

NORMALS PATIENTS NORMALS PATIENTS

Fig4.7. Gastric empty¡ng (50% empty¡ng time), small intestinal transit (AUC) and whole gut transit (50%
markers) in patients and control subjects. The median values are shown.

t26



30

0

a
!I
àzoco
f
ETol-

=10ooÈ
v,

r=4.42rp<0.05
a

a a aa

aaaaaa

a
a

a

a

aa

aa

aa a

a
a

a a

a

0 20 40 60

Oro-cecal transit (min)
80

Fig 4.8 Relationship between orocaecal transit time and stool frequency
in 30 patients who had received pelvic irradiation (r=-0.42 p<0.05)

721



t28
TABLE 4.3 Measurements of gastrointestinal function in

had pelvic radiotherapy only and those who
both surgery and pelvic radiotherapy *

patients who
had received

Pa¡ameter Pelvic
inadiation

Surgery and
pelvic inadiation

p value

Number of subjects

Gastrointestinal sJ¡mptoms
Score
Stool frequency/wk
Stool
Stool

frequency/3 d
wl3d (e)

Absorption
SeHCAT (7o)
Co-58 YitBI2 (Vo)
Fecal fat (mmoU3d)
Lactose malabsorption (no)

Gastrointestinal transit
Gastric emotvins
Lag phase (min)
50Vo emptying (min)

Small intestinal transit
Start colonic filling (min)
50% colonic f,rlling (min)
Small intestinal transit (min)
Small intestinal residence (AUC)

Whole gut transit
First marker (hr)
50Vo markers (hr)

Intestinal Permeability
Cr-51 EDTA(Vo)
Lactulose/Rhamnose (ratio)

19 11

0 (0-8) 1

r0 (4-26) 9
4 (2-8) 5
32s (t20-7t0) 4

e (0-61)
68 (38-86)
37 (t7-r22)
8

0.s (0.s-3.s)
42 (20-s8)

30 (9-56)
129 (64-204)
27 (9-ss)
31 (13-51)

23 (1-72)
48 (13-72)

26
34

2.0 (0.6-7.3)
0.1 (0.02-2.05)

(0-3)
(7-2t)
(3-e)
t3 (229-

N. S.
N. S.
N. S.
N. S.

N.S
N.S
N.S
N.S

S
S

S

S

74s)

12 (0-2s)
73 (37-e6)
40 (21-t64)
7

0.5 (O.s-s.s)
46 (r3-7r)

32 (13-73)
126 (61-180)
34 (s-6s)
31 (10-38)

N
N

N
N
N
N

S
S

10-48)
r0-72)

(
(

N. S.
N. S.

N. S.
N. S.

2.3 (0.6-4.9)
0.07 (0-0.63)

* Data are median values and ranges (analysis by Mann-Whinrey U Test).
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4.4 DISCUSSION

The results of our study suggest that abnormal gastrointestinal function is essentially an

inevitable long-term sequel of pelvic radiation used in the treatment of carcinoma of the

cervix and that the prevalence of chronic radiation enteritis has been generally

underestimated in surgical series which have focused on "significant" injury (DeCosse

et al 1969; Schofield et a1,1983). While acknowledging the limitations of a

retrospective study, and in particular the possibility of selection bias, (12 patients

refused to be studied and at least one of these had been found to have radiation enteritis)

virtually all (29130) patients had at least one abnormal test of gastrointestinal function.

The difference in age between the patients and control subjects is unlikely to have had a

significant influence on our results. Consistent with the study by Newman et a\.1973,

although the frequency of bowel actions was above the normal range in only 5 patients,

the majority (19/30) of patients reported an increased frequency of bowel actions,

compared to that which existed before the initiation of radiation treatment. The lower

stool weight and fecal fat excretion in the patients is likely to primarily reflect

differences in dietary habits between the two groups, as evidenced by the lower intake

of dairy products in the patients with lactose malabsorption. It is also possible that in

some patients concurrent radiation proctitis caused rectal irritability (as suggested by the

presence of fecal incontinence) and contributed to a stool weight which was lower than

predicted from stool frequency i.e. small volume, but multiple stools.

The abnormalities in bile acid and vitamin 812 and, possibly, lactose absorption may

reflect either mucosal damage, or a reduction in the time available for nutrient

absorption as a result of more rapid intestinal transit. While bacterial overgrowth may

occur in patients with chronic radiation enteritis as a result of stricture formation (Beer

et al 1985), this was not evident in any of our patients - stricture formation was

excluded by barium follow through studies and there was no early rise in breath

hydrogen concentrations during the measurement of intestinal transit (Read et al 1984).
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While it has been suggested that the small intestinal mucosa recovers within two weeks

of the completion of radiation therapy this point is controversial (Stryker et al 1977:,

Yeoh et al 1984). The possibility that abnormalities in intestinal motor function may

result tiom radiation damage has been recognized (Yeoh et al 1984; Otterson et al 1988)

as damage to intestinal smooth muscle is well documented (Rubin & Casarett 1968b).

There is, however, little information about the chronic effects of irradiation on

gastrointestinal transit. Our results indicate that pelvic irradiation increases the rate of

gastric emptying and small intestinal transit. The observed changes in gastric emptying

were somewhat surprising. The stomach is outside the pelvic radiation field and, in any

case, delayed gastric emptying is a recognized, but probably rare, complication of high

dose abdominal irradiation (Layer et al 1986). The terminal ileum appears to have a

major role in the regulation of both gastric emptying and small intestinal transit of

nutrients (Kinsman & Read 1984; Read et al 1984; Holgate & Read 1985). It is

possible that damage to mucosal receptors in the small intestine, particularly in the

terminal ileum, could contribute to faster small intestinal transit and gastric emptying.

Surgery has been reported to be a risk factor for radiation enteritis (Loludice et al1977)

although this is controversial (Kinsella & Bloomer 1980). The failure to demonstrate

an adverse influence of surgery in our study may be because in all but one (no. 20) of

the patients who received combined treatment the total radiation dose to the pelvis was

less than 60 Gy, whereas most of the patients who received radiotherapy alone had

more than 70Gy. In addition the number of subjects that we studied was relatively

small.

Medical therapy of dianhea due to chronic radiation enteritis has been largely empirical

and there have been no adequate controlled studies. Antidiarrheal agents, broad

spectrum antibiotics, cholestyramine, sulphasalazine and oral corticosteroids have all

been used but anecdotal experience suggests that satisfactory control of diarrhea is

rarely achieved (Goldstein et al I976; Heusinkveld et al 1978). The rationale for use of
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these treatments are that small intestinal bacterial overgrowth, bile salt malabsorption

and active intestinal inflammation are contributory factors to diarrhea in such cases.

Most studies have focused on surgical approaches to complications such as stricture and

fistula formation. The demonstration of a high prevalence of lactose malabsorption

after radiation treatment suggests that simple avoidance of milk or milk products may

relieve symptoms in some patients. The absence of a clear history of milk intolerance in

such patients is not surprising (Horowitz et al 1987). Bile salt binding agents such as

cholestyramine are likely to be beneficial in patients with malabsorption of bile acid

(Heusinkveld et al 1978). Our study suggests that measurement of bile acid absorption

may be the most sensitive screening test for radiation enteritis, as this was abnormal in

abot.50Vo of our patients. A high prevalence of bile acid malabsorption has been

reported in patients with otherwise unexplained dianhea and it has been claimed that

this is predictive of improvement with cholestyramine (Merrick et al 1985). Another

therapeutic approach to the treaünent of diarrhea associated with radiation enteritis may

be by slowing small intestinal transit. We have reported that loperamide-N-oxide, a

peripheral opiate agonist precursor, improves bile acid absorption, slows small

intestinal and whole gut transit and is effective in treating diarrhea in such patients

(Chapær 7). Our study suggests that evaluations of lactose and bile acid absorption and

small intestinal transit should be included in the evaluation of patients who suffer

diarrhoea after radiation therapy and that the results of these investigations may dictate

the choice of therapy.

The observed changes in gastrointestinal function occuned despite the use of relatively

sophisticated techniques for planning and delivery of radiation treatment, such as

dedicated computerized axial tomographic planning, multiple radiation fields,

customized beam blocks and high energy linear accelerators. Somewhat paradoxically

the incidence of radiation bowel disease appears to have increased in recent years

(Allen-Mersh et al 1986; Schofreld et al 1986; Galland & Spencer 1987) and this has

been attributed to changes in long established methods, in particular the modifications
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in both intracavitary and external radiation techniques which occurred concurrently in

many centers (Shenah-Davies 1985; Allen-Mersh et al 1986; Yeoh & Spittle 1986).
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CHAPTER 5

The effect of pelvic
gastrointestinal function:
(Am J Med 1993;95: 391-406)

and abdominal irradiation on

^ prospective longitudinal study

5.1 INTRODUCTION

Acuæ radiation enteritis, manifested principally as diarrhea, with or without abdominal

cramps, is almost inevitable when radiation is used to treat curable pelvic or intra-

abdominal malignant disease. Nausea and vomiting are also common symptoms,

particularly when the whole abdomen is irradiated (Yeoh & Horowitz, L987). In

approximately 20Vo of patients undergoing pelvic irradiation, the severity of dianhea

leads to an intemrption of the planned course of treaünent and may reduce the chance of

cure (Yeoh & Horowitz 1987; Amdur et al 1990; Fyles et aI 1992). Although dianhea

usually decreases in severity within six weeks of the completion of abdominal or pelvic

irradiation treatment, limited data suggest that the majority of patients experience an

increased frequency of bowel actions in the long-term (l.Iewman e't al 1973). Chronic

radiation enteritis, with its attendant complications of st¡icture and fistula formation, is a

major cause of both morbidity and mortality (Kwitko et aJ 1982: Beer et al 1985).

The pathophysiology of diarrhea and other gastrointestinal symptoms associated with

acute and chronic radiation enteritis is poorly understood and controversiai (Yeoh &

Horowitz 1987). The majority of studies relating to this topic have significant

limitations (Newman et aI 1973; Kinsella & Bloomer 1980; Beer et al 1985) and

previous prospective studies have focussed on specific aspects of gastrointestinal

function (Yeoh & Horowitz 1987). Probably as a result of this, treatment approaches

are frequently unsuccessful (Kinsella & Bloomer 1980). In an attempt to better define

both the short and long-term effects of inadiation on gastrointestinal function we have
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performed a prospective study of a number of aspects of gastrointestinal function in

patients undergoing radiation therapy for curable pelvic and intra-abdominal malignant

disease before, during and at various time intervals following the completion of

radiation therapy.

5.2 METHODS

Subiects

27 patients 123 female, 4 male, median age 62 yr (37-82 yr), median body weight 69.1

kg (39-95 kg) and median body mass index (BMI) 25.6 (18.1-40.8)l with potentially

curable malignant diseases were studied. Patients had either radiation treatment alone

(16 patients) or radiation treatment following gynaecological surgery (11 patients). The

operations performed were: hysterectomy (1), hysterectomy and salphingo-

oophorectomy (4), hysterectomy, salphingo-oophorectomy and omentectomy (5) and

nephrectomy (l). 17 patients received pelvic irradiation alone and 10 patients received

abdominal as well as pelvic irradiation. No patients received chemotherapy.

Characteristics of the patients are shown in Table 5.1. Exclusion criteria for the patients

in this study are as detailed in Chapter 4, Section 4.2 Methods. No patient was given

vitamin Bl2, or other vitamin supplements or antibiotics.

18 normal volunteers [ 1 1 female , '7 male, median age 45 yr (I9-7 5 yr), median body

weight 75 kg (45-109 kg) and median body mass index (BMI) 26.0 (11.8-38.7)l who

had no history of gastrointestinal disease and were not taking any medication were also

studied.

All but one of the patients and all but one of the control subjects was Caucasian. The

control subjects were younger than the patients (p < 0.05), but there were no significant

differences in body weight or BMI between the two groups.



TABLE 5.1: Characteristics of the patient group

Patient
Number

Age
CYÐ

Body
Weight (Kg)

Body Mass Diagnosis
Index

Radiation Dose*
GyÀ{o of FractionVDays

44.95 Gyl25 F/32 Days
(25 Gy to Point 'A'l52hr)

44.00 Gyl22 F/32 Days
(25 Gy to Point'A'146hr)

50.00 Gyl25 F/36 Days
(25 Gy to Point'A'/45 hr)

45 Gyl25 F/39 Days
(25 Gy to Point 'A'l54hr)

44 Gyl22 F/33 Days
(26 Gy to Point 'A'/49 hr)

30 Gy/10 F/12 Days
(30 Gy to Point'A' x2164159 hr)

50 Gyl25 F/35 Days
(20 Gy to Vaginal Vaull54 hr)

50 Gyl25 F/3 Days
(20 Gy to Vaginal Vault/39 hr)

Size of Radiation Fieldt
(cm x cm)

16.5 x 18.5

18.5 x 16.0

18.0 x 20.0

17.5 x 15.5

17.0 x 18.0

16.0 x 15.0

14.5 x 19.0

17.0 x 18.0

69

2

3

4 62

65

8s

68

83

65

43

73

72

61

5

6

7

8

58 74

45 67

26.0

24.2

22.5

22.1

23.3

40.8

29.4

29.1

Carcinoma of Cervix

Ca¡cinoma of Cervix

Carcinoma of Cervix

Ca¡cinoma of Cervix

Carcinoma of Cervix

Ca¡cinoma of Cervix

Carcinoma of Cervix

Carcinoma of Cervix
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Table 5.1 continued

Patient
Number

l0

l1

t2

13

t4

15

16

Body
Weight (Kg)

Diagnosis

Carcinoma of Cervix

Carcinoma of Cervix

Carcinoma of Cervix

Carcinoma of Cervix

Carcinoma of Cervix

Endometrial Ca¡cinoma

Endometrial Ca¡cinoma

Endometrial Carcinoma

Age
(YÙ

Body Mass
Index

Radiation Dose*
Gy/Ì.{o of Fractions/Days

50 Gyl25 F/33 D
(25 Gy to Point'

ays
A'/48 hr)

44Gyl23 F/36 Days
(30 Gy to Point'A'/48 hr)

45Gyl25 F/38 Days
(25 Gy to Point'A'/40 hr)

45 Gyl25 F/36 Days
20 GylI} F/l5 Days

46 Gyl25 F/37 Days
(26 Gy to Point'A'/50 hr)

50 Gyl25 F/33 Days
(20 Gy Vaginal Mould/34 hr)

50 Gyl25 F/36 Days
(20 Gy Vaginal Mould/47 hr)

50Gyl25 F/41 Days
(20 Gy Vaginal Mould/29 hr)

Size of Radiation FieldT
(cm x cm)

18.5 x 20.5

16.0 x 14.0

17.0 x 16.5

18.0 x 17.5
9.5 x 12.5

15.0 x 20.0

16.5 x 15.5

15.5 x 16.5

15.5 x 17.5

9 81

55

68

70

10

10

82

90

48

72

]I

82

65

68

7I

59

30.9

19.0

25.6

25.6

25.6

24.2

29.r

37.5
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Table 5.1 continued

Patient
Number

Body
Weight (Kg)

Body Mass Diagnosis
Index

Age
(Y0

t7 62 19

Pelvic and Abdominal Inadiation

32.0

20.1

29.3

20.0

27.r

28.4

30.9

24.0

Endometrial Carcinoma

Seminoma L Testis

Seminoma L Testis

Ovarian Carcinoma

Endometrial and
Ovarian Carcinoma

Radiation Dose*
Gy/Ì.{o of FractionVDays

48.6 Gy/27 Fl42Days
(20 Gy Vaginal Mould/24 hr)

30.00 Gyl20 F/29 Days

30.00 Gyl20 F/32 Days

25.00 Gyl20 F/25 Days
25.40 Gyll3 F/21 Days

30.00 Gyl22 F/40 Days
20.40 Gy/l1 F/14 Days

22.50 Gyl20 F/25 Days
22.50 Gy/10 Fil1 Days
(25.00 Gy Vaginal Mould/55 hr)

Size of Radiation FieldT
(cm x cm)

16.5 x 19.5

14.5 x 40.0

18.0 x 35.5

31.5 x 38
16.5 x 15.5

19.5 x 40
18.5 x24

19.5 x 40
18.5 x24

22.0 x 35.5
14.0 x 29.0

28.0 x 39.5
16.0 x 16.0

18

19

20

37 65

63

75

52

79

51 59

95

50

722l

22

23

24

39 8l

58

Non-Hodgkin's Lymphoma 2l GylI4 F/19 Days
20 Gyll0 F/23 Days

Non-Hodgkin's Lymphoma 34.50 Gyl23Fl27 Days
5.40 Gyl3 F/2 Days

Ovarian Carcinoma

t31



Table 5.1 continued

Patient
Number

Age
(Yr)

Body
Weight (Kg)

Body Mass Diagnosis
Index

Radiation Dose
Gy/No of FractionVDays

30.00 Gyl20 F/31Days

22.MGyl22 F/31 Days
31.60 Gyl20 F/28 Days

22.44 Gyl22FlMDays
21.60 Gyll2 F/17 Days

Size of Radiation Field
(cm x cm)

15.0 x 35.0

28.0 x 36.0
14.0 x 13.0

22.5 x36.0
13.5 x 14.0

25

26

27

31 58

66 61

38 39

20.1

25.7

18. 1

Seminoma R Testis

Endometrial Carcinoma

Ovarian Carcinoma

*

t
I

lntracavitary radiation doses where applicable are given in parentheses and are prescribed to Manchester Point 'A' unless otherwise stated in
which cases are prescribed to the surface of vaginal mould.

Sizes given are for anterior/posterior fields only.
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Protocol

Various aspects of gastrointestinal function were evaluated, before the sta¡t of radiation

therapy (baseline or first series), 3-4 weeks after the commencement of radiation

treatment (second series), 6-8 weeks after the completion of radiation treatment (third

series), 12-16 weeks after the completion of radiation (fourth series) and 1-2 years

(hfth series) afær completion of radiation treatnent, in the patients.

Control subjects underwent the same measurements of gastrointestinal function once.

Measurements

The following measurements of gastrointestinal function were assessed in the patients

and control subjects: (a) Gastrointestinal symptoms (questionnaire) (b) Absorption of:i)

bile acid and vitamin BI2, ii) lactose, iii) fat, and measurement of stool weight (c)

Gastrointestinal transit: gastric emptying, small intestinal transit and whole gut transit

and (d) Intestinal permeability. In those subjects undergoing sequential measurements

of vitamin 812 and bile acid absorption, although the intervals between evaluations was

at least 4 weeks, a correction for patient background counts was made by first counting

the residual counts in both the Co-58 and Se-75 photo peak windows prior to the

adminstration of the subsequent doses of Co-58 812 and Se-75 Hcat. Otherwise, an

identical protocol for measurements of gastrointestinal function as outlined in Chapter

4, Section 4.2 Methods, was observed.

Measurement of intestinal permeability was not included in the 4th series of tests. A

radiological small bowel series (using barium sulphate) was performed in all patients

between I and2 years after the completion of radiation treatment. Plasma biochemical

parameters of hepatic function, glucose and creatinine were measured during the first,

second and f,rfth series oftests.
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Stastistical analysis

Different series of measurements in the patients were analysed using the non-parametric

rank sum test (Koch 1969) and linear regression analysis. The Mann-ÌVhitney U test

was used to compare patient data with that obtained in the control subjects. The Chi-

squared test was used to evaluate changes in lactose absorption. A p value of < 0.05

was considered significant in all analyses.

5.3 RESULTS

All27 patients completed at least two series of measurements. One patient withdrew

from the study after completing the second series of measurements, leaving 26 patients

who completed the third series. One patient died from recurrent malignancy and one

patient developed inæstinal obstruction after completing the 3rd series of measurements,

leaving 24 patients who completed the fourth series. Four more patients died from

recurrent malignant disease and two patients withdrew after completing the fourth series

of measurements, and 18 patients therefore completed all five series of measurements.

Liver function tests, plasma glucose and plasma creatinine remained within the normal

range in all patients.

One gastroinæstinal transit measurement (patient 1) was lost in the first series owing to

technical factors. One SeHCAT measurement (patient 26), one Cr-51 EDTA

measurement (patient 25) and three fecal fat measurements (patients 1, 6 and 7) were

lost in the second series. Two Cr-51 EDTA measurements were lost in the third series.

No measurements were missing from the fourth series. One Cr-51 EDTA measurement

(patient 22) was lost in the fifth series.
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Comparison between baseline measurements (Series 1) in patients and

control subjects

Table 5.2 summarises the results of the baseline or 1st series of measurements in the

patients and the 18 control subjects. Stool weight and the frequency of bowel actions

were slightly greater in the control subjects compared with the patients (p < 0.05 for

both). Gastrointestinal symptoms were greater in the patients (p < 0.01). Intestinal

permeability to lactulose-rhamnose was marginally less in the patients compared with

the control subjects (p<0.05). There were no other significant differences in any of the

other measurements of gastrointestinal function between the patients and the control

subjects. There was no significant difference between patients who received pelvic

irradiation alone, and those who received both pelvic and abdominal irradiation.

In the control group there was a significant relationship between bile acid absorption

and whole gut transit (r=0.48, p<0.05 for both first marker and 50Vo markers). In the

patients, bile acid and vitamin 812 abso¡ption were both inversely related to stool

frequency (r=-0.40, p<0.05 and r=-0.43, p<0.05 respectively). Bile acid absorption

was also related to whole gut transit (r=0.65, p<0.001 for 1st marker and r=0.49, p (

0.01 for 50Vo markers). Stool weight was inversely related to whole gut transit for the

first marker (r=-0.44, p<0.05).

Comparison between measurements at baseline (Series 1) and 3-4 weeks

after commencement of irradiation (Series 2)

Table 5.3 summarises the results of the lst and 2nd series of measurements in the

patients. Stool frequency and weight were greater during radiation treatment (Figure

5.1) (p<0.01). Bile acid and vitamin 812 abso¡ption decreased (p<0.001) and fecal fat

excretion increased (p<0.05). There was a striking increase (p<0.01) in the prevalence

of lactose malabsorption during radiation treatment. This was not due to intestinal

bacterial overgrowth, as there was not an early rise in breath hydrogen concentrations

after oral lactulose used in the gastrointestinal transit measurements (i.e. in all cases



TABLE 5.2 Results in control subjects and in patients before the commencement of radiation (Series 1) and 1-2 years after
radiation (Series 5)'

Parameter

Number of subjects

Gastrointestinal svmntoms
Score
Stool frequency/wk
Stool frequencyl3d
Stool wl3d (g)

Absomtion
SeHCAT (7o)
Co-58 YitBl2 (7o)
Fecal fat (mmoV3d)
Lactose malabsorption (no)

Gastroinæstinal fansit
(i) Gætric emptying
Lag phæe (min)
507o emptying (min)

(ü) Small intestinal transit
Start colonic hlling (min)
50% colonic filling (min)
Small intestinal transit (min)
Small intestinal residence (AUC)

Control
subjects

18

0(0-1)
8(3-14)
4(2-r0)
s07(308-1 190)

23(e-64)
81(29-99)
s3(20-80)
2

0.s(0.s-8)
6s(27-ee)

s7 (23-rt7)
178(88-29s)
ss(22-rt4)
39(23-58)

Patients

(Series 1)

27

0(0-5¡'r*
7(2-t7¡ *
3(r-8)
35s(r23-

23(4-66)
77(32-er)
44(9-e8)
3

0.5(0.5-17)
59(15-128)

67(17-rr8)
1 83(9s-328)
63(14-rn)
40(20-s6)

0s)11 *

(Series 5)

18

0(0-3¡ *'r*
r0(4-26)
4(2-e)
428(120-805) *

12(0.5-61) *
63(17-86)'r'*
st(16-262)
4

0.5(0.5-4) ***
49(13-88) *

28(13-46)'r'**
137 (64-204) **
26(12-45¡ ***
27(13-51) **
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Table 5.2 cont'd

Pa¡ameter

(üi) Whole gut transit
First marker (h)
507o markers (h)

Intestinal Permeability
Cr-51BDTA(Eo)
Lactulose/Rhamnose (ratio)

1.s(0.7-4.1)
0.09s(0.04-0.29)

Patients

(Series 1)

26(8-72)
47(2r-'12)

1.8(0.8-s.3)
0.06(0.02-0.23) *

(Series 5)

24Q-72)
48(t -72)

2.3(0.e6-7.3)
0.095(0.02-0.3)

Control
subjects

26.5
32.5

6.5-48)
t7.s-'tD

(
(

'Data are median values and ranges (analysis by Mann-Whitney U test)

* p < 0.05, ** p.0.01, *** p < 0.001 cf control subjects

t43



TABLE 5.3: Results in patients at base-line (Series 1), 3-4 weeks after commencement of radiation (Series 2)'and 6-8
weeks (Series 3), 12-16 weeks (Series 4) and 1-2 years (Series 5) after the completion of radiation'

Parameter Series 1 Series 2 Series 3 Series 4 Series 5

Number of subjects

Gastrointestinal svmntoms
Score
Stool frequency/wk
Stool frequencyßd
Stool wt/3d (g)

Absomtion
SeHCAT (7o)
Co-58 VitBI2 (7o)
Fecal fat (mmoV3d)
Lactose malabsorption (no)

Gastrointestinal transit
li) Gastric emntvins
Lag phase(min)
507o emptying (min)

(ü) Small intestinal transit
Sta¡t colonic frlling (min)
507o colonic filling (min)
Small intestinal transit (min)
Small intestinal residence (AUC)

27

0(0-s)
7(2-r7)
3(1-8)
3s5(123-r 105)

23(4-66)
77(32-9r)
44(9-98)
3

0.s(0.5-17)
s8(1s-128)

67(17-1 18)
183(9s-328)
63(t4-1r',l)
40(20-s6)

27

1(0-7¡ **
17(5-52) ***
7(2-21¡ **x
590(175-1865¡ **

7(0-96¡ ***
47(2-96) *'k*
56(21-138) *
16 **

0.s(0.s-11)
60(2s-240)

33(19-64) ***
744(12-284) **'E

33(8-63) **
26(13-+5¡ ***

26

0(0-3)
10(4-26) ***
4(2-15) *
373(85-1 rss)

17(0-59) *
65(46-e0)
4s(6-88)
6

0.5(0.s-34)
64(1s-100)

28(IL-72) 4'**
136(76-208) ***
25(3-'71) ***
29(17 -43) ***

24

0(0-3)
10(4-26) **
4(2-rÐ r'
408(140-1 175)

20(0-60)
66(6-45¡ *
48(12-r62)
4

0.s(0.s-13)
s3(r1-r12)

35(18-71) **
t57(55-212) x*
33(8-70)
32(6-49) **

18

0(0-3¡'r
l0(4-26) ***
4(2-e)
428(r20-80s)

12(0.5-61) *
63(17-86)
sr(16-262)
4

0.5(0.5-4) *
4e(13-88)

28(13-46) ***
137(64-204) ***
26(12-45) **
27(13-51) **
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Table 5.3 cont'd

Parameter

(üi) Whole gut transit
First marker (h)
507o markers (h)

Intestinal Permeability
Cr-51EDTA (7o)
Lactulose/Rhamnose (ratio)

Series I

26(8-72)
41(21-72)

1.8(0.8-5.3)
0.06(0.02-0.23)

Series 2

18(s-36) *
29(tt-'l2)

2.0(0.4-s.e)
0.1(0.02-0.23¡ **

Series 3

24(t0-62)
36(t0-72)

1.8(0.e-4.s)
0.07s(0.01-0_28)

Series 4

ze1-62)
s0(22-72)

Not done
Not done

Series 5

24(7
48(7

72)
12)

2.3(0.e6-7.3)
0.095(0.02-0.30¡ **

a Data a¡e median values and ranges (analysis by non-parametric rank sum test - as per Koch
(20))

* p < 0.05. ** p < 0.01, *** p < 0.001 cf Series 1

t45
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Figure 5.1 Stool frequency, bile acid absorption and small intestinal transit in
control subjects and pat¡ents before (Series 1), during (Series 2),6-8 weeks
after (Series 3), 12-16 weeks atter (Series 4) and 1-2 years after (Series 5)
radiation treatment. The number of control subjects and patients studied is
shown in parentheses. Data are shown as median values for control subjects
and patients * p<0.05, ** p<0.01, *** p<0.001 compared to baseline data for
patients.
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there was a close correlation between scintigraphic arrival of the head of the meal at the

cecum and the rise in breath hydrogen concentrations) and it is unlikely that the small

difference in median age between the patients and the control subjects nor the racial

difference (only 1 patient was non-Caucasian) can account for such a high prevalence of

lactose malabsorption in the patients. There was no difference in gastric emptying.

Small intestinal (p<0.01) and whole gut transit (p<0.05) were more rapid during

radiation treatment. Intestinal permeability, measured by the Cr-51 EDTA test did not

change during treaünent, but permeability, as evaluated by the lactulose/rhamnose ratio,

increased signifîcantly.

When compared to the control subjects stool frequency was greater (p<0.01),

absorption of vitamin 812 (p<0.001), bile acid (p<0.001) and lactose (p<0.05) were

less and small intestinal (p<0.001) and whole gut transit (p<0.01) were faster in the

patients (data not shown). Although there was no significant difference in fecal fat

excretion between patients and controls, it was gre tar than the control range in 4 of the .

patients.

During radiation treatment, bile acid absorption and the time for 507o colonic filling

were related (r=0.61, p<0.001). Vitamin 812 absorption was related to the time for

50Vo colonic filling, small intestinal residence and whole gut transit to 50Vo markers

(r=0.41, p<0.05; r=0.46, p<0.05; and r=0.40, p<0.05 respectively) and inversely to

stool frequency (r=-0.54, p<0.01). There was a direct relationship between stool

frequency and stool weight (r = 0.44, p<0.05).

Stool frequency each week was higher (p<0.01) in patients who received pelvic

irradiation alone (21 (8 - 52)) than in patients who received both pelvic and abdominal

irradiation (8 (5 - 21)). Whole gut transit was faster (p<0.05) in patients who received

both pelvic and abdominal radiotherapy (data not shown).
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Comparison between measurements at baseline (Series 1) and 6-8 weeks

after irradiation (Series 3)

Table 5.3 compares the results at baseline (Series 1) and 6-8 weeks after radiation

(Series 3) in the patients. At 6-8 weeks the number of bowel actions was greater

(p<0.001), although there was no difference in stool weight. Bile acid absorption

(p<0.05) was less, but there was no difference in vitamin 872, or lactose absorption,

or fecal fat excretion. Small intestinal transit (p<0.001) was faster, but there was no

significant difference in whole gut transit or intestinal permeability.

6-8 weeks after completion of radiation, bile acid absorption was related to whole gut

transit (r=0.66, p<0.001 for lst ma¡kers and r=0.54, p<0.01 f.or 50Vo markers). Stool

weight was inversely related to whole gut transit (r=-0.42, p<0.05 for 1st marker and

r=-0.61, p<0.001 for 50Vo markers).

Comparison between measurements at baseline (Series 1) and 12-16

weeks after irradiation (Series 4)

Table 5.3 summarises the results at baseline (Series 1) and 12-16 weeks after irradiation

(Series 4). Stool frequency (p<0.01) was greater, vitamin 812 (p<0.05), but not bile

acid absorption was lower and small intestinal residence was less (p<0.01) 12-16

weeks after irradiation. At this time bile acid absorption correlated with whole gut

transit (r=0.54, p<0.01 for first markers and r=0.44, p<0.05 for 50Vo markers). Stool

frequency was inversely related to whole gut transit for 5OVo markers (r=-0.57,

p<0.05). Stool weight was also inversely related to whole gut transit (r=-0.56, p<0.05

for first marker and r=-0.41, p<0.05 for 50Vo markers) and directly related to stool

frequency (r=0.54, p<0.001).

Comparison between measurements at baseline (Series 1) and 1-2 years

(Series 5) after irradiation

Table 5.3 compares the results at baseline (Series 1) with those obtained 1.-2 yearc
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(Series 5) after irradiation. Bowel frequency was greater (p<0.001) bile acid absorption

was less (p<0.05) and small intestinal transit was faster (p<0.01) at I-2 years (Figure

5.1). The number of bowel actions was greater than at baseline in 11 of the 18 patients.

The double sugar test, but not the Cr-51 EDTA permeability test was marginally greater

compared with baseline (p<0.01).

At l-2 years after completion of radiation treatment, absorption of bile acid (p<0.05)

and vitaminBl2 (p<0.01) were less and gastric emptying (p<0.05) and small intestinal

transit (p<0.001) were faster in the patients, when compared with the normal subjects

(Table 5.2). Although fecal fat excretion was not significantly different between

patients and controls, it was above the control range in 4 of the patients. In 16 of the 18

patients at least one parameter of gastrointestinal function was abnormal (outside the

range in the control subjects). There was no evidence of stricture on the radiological

small bowel series in any patient.

Ãt l-2 years bile acid absorption was related to whole gut transit for the lst marker

(r=0.59, p<0.01) and inversely to stool frequency (r=-0.48, p<0.05). Stool frequency

was inversely related to whole gut transit for 1st marker (r=-0.59, p<0.01). Stool

weight correlated directly with stool frequency (r=0.62, p<0.01) and inversely with

whole gut transit to 50Vo markers (r=-0.69, p<0.001).

Stool weight was greater (481 (448-805) g vs 335 (120-745) g p<0.05) and whole gut

transit less (24 (7-2'l) h vs 53 (33-72) h, p<0.01) in the patients who had received both

abdominal and pelvic irradiation, when compared to those who received pelvic

irradiation alone. Symptom score (0(0-3) vs 0(0-1), p<0.001) and stool frequency

(5(4-9) vs 3 (2-5) p<0.001) and fecal fat excretion (88(16-262) mmol vs 43 (24-122)

mmol, p<0.05) were greater in the patients who had surgery and radiation therapy

when compared to those who were treated with radiation therapy alone.
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5.4 DISCUSSION

Our study indicates that abnormal gastrointestinal function is essentially an inevitable

long-term sequel in patients who receive pelvic, with or without, abdominal inadiation.

The diarrhea of acute radiation enteritis was associated with decreased absorption of bile

acid, vitaminBl2,lactose and fat and more rapid small intestinal and whole gut transit

The decrease in absorption may reflect mucosal injury, particularly to the terminal ileum

(Trier & Browning 1966: Stryker et al 1978; Stryker & Demers 1979). However,

faster intestinal transit, by reducing the time available for nutrient absorption, may also

contribute to malabsorption and diarrhea (Read et al 1980). This latter possibility is

supported by the observed relationship between both bile acid and vitamin 812

absorption and intestinal transit. The increased intestinal permeability, measured by the

ratio of the two sugars lactulose and rhamnose, during radiation therapy is likely to be

due to mucosal damage. Although the lactulose/rhamnose and Cr EDTA tests evaluate

different pathways, an increase in permeability to chromium-51 EDTA may not have

been apparent because of more rapid intestinal transit (Brunetto et al 1990). The cause

of the more rapid intestinal transit during radiotherapy is uncertain, but both single large

doses, and fractionated doses of radiation has been shown to alter intestinal motility in

animals (Summers et al 1970; Otterson et at 1988). Fractionated doses of abdominal

radiation result in an increased frequency of giant migrating contractions and retrograde

giant contractions in the small intestine (Otterson et al 1988). It is possible that the

faster small intestinal transit observed during radiation treatment may reflect impaired

function of mucosal receptors which regulate small intestinal transit of nutrients

(Kinsman & Read 1984; Read et al 1984; Holgate & Read 1985).

Our fîndings in relation to acute radiation enteritis have potentially important therapeutic

implications. The high prevalence of lactose malabsorption suggests that diarrhea

caused by acute radiation enteritis may respond to the avoidance of milk and milk

products. Our results also support the use of elemental diets during radiation therapy

(Bounous et al 1975), since absorption of these constituents is less likely to be
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compromised. While we did not evaluate the effect of radiation on intestinal secretion,

a useful therapeutic approach to the treatment of diarrhea during abdominal and pelvic

radiotherapy may be to slow intestinal transit and this may explain the apparent efficacy

of the peripheral opiate agonist, loperamide (Chapaux et al1974). The demonstrated

malabsorption of bile acid in many cases provides a rationale for the use of agents such

as cholestyramine. Our study suggests that small intestinal bacterial overgrowth is not a

major factor in diarrhea associated with acute radiation enæritis.

There is relatively little information in relation to prevalence of chronic radiation

enteritis. Several retrospective surgical series have suggested that the incidence of

"significant" damage is only 5-I5Vo (DeCosse et al 1969; Schofield et al 1983).

However, these studies have considerable limitations, particularly as they do not

include patients who died, or were lost to follow-up in the prolonged interval between

treatment and the onset of symptoms. Our study demonstrates that the incidence of

gastrointestinal dysfunction following radiation treatment has been generally

underestimated and supports the hypothesis that the majority of patients with chronic

radiation enteritis do not seek medical help until the occurrence of a severe

complication, such as stricture, perforation or anaemia due to blood loss (Yeoh &

Horowitz 1987). Following the completion of abdominal and pelvic radiotherapy

median stool frequency decreased, but remained increased even at I-2 yearc- At I-2

years small intestinal transit was faster and absorption of bile acid, was reduced and

both abnormalities may contribute to diarrhea. The persistent increase in stool

frequency is consistent with a retrospective study (Newman et al 1973) in which an

increase in the frequency of bowel actions was reported in 12 of 17 patients who had

received pelvic radiotherapy for gynecological malignancy. The abnormalities in bile

acid and vitamin B 12 and, in some cases, lactose absorption may again reflect mucosal

damage and./or more rapid intestinal transit. Although it has been suggested that small

bowel mucosal damage occurring during radiation therapy is reversible within a few

weeks (Trier & Browning 1966) we and others (Chapter 7; Beer et al 1985) have
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found a high prevalence of lactose malabsorption in patients with diarrhea due to

chronic radiation enteritis. The changes in absorption which we have demonstrated

persist for longer than the time for histological recovery of the intestinal mucosa after

irradiation (frier & Browning 1966). It is therefore probable that changes in intestinal

transit (particularly in the small intestine) contribute to diarrhea and malabsorption.

While vitamin 812 malabsorption has been demonstrated in some patients with chronic

radiation enteritis (Ludgaæ & Merrick 1985), our results support previous evidence that

bile acid absorption is a more sensitive test of terminal ileal function than vitamin B 12

absorption (Fromm et aI L973). Bacterial overgrowth may occur in patients with

chronic radiation enteritis (Beer et at 1985), but this did not appear to be a significant

factor in the present study, possibly because of the absence of stricture formation.

Although only two thirds of the original cohort of 27 patíents were studied I-2 years

after completion of radiation therapy, this is unlikely to have significantly influenced the

results. Similarly, the relatively small difference in median age belween the patients and

the control subjects is unlikely to be important. The observed higher stool frequency

and fecal fat excretion in patients who received surgery, is consistent with the

suggestion that the latter may increase the risk of radiation bowel injury (Kinsella &

Bloomer 1980).

The rectum, sigmoid colon and terminal ileum appear to be particularly at risk from

pelvic radiotherapy (Wellwood & Jackson l973;Schofield et al 1983). While the

histological features of chronic radiation enteritis, characteÀzed by obliterative

endarteritis of the small vessels in the inæstinal wall, submucosal oedema and lymphatic

dilatation are well documented (Wellwood & Jackson 1973), there is little information

about the pathophysiology of diarrhea due to chronic radiation enteritis (Beer et al 1985;

Yeoh & Horowitz 1987). It has been suggested that diarrhea reflects malabsorption due

to either infiltration of the mucosa by inflammatory cells and luminal narrowing of the

submucosal arterioles (Carr et al 1984), or intestinal bacterial overgrowth (Ludgate &

Merrick 1985). The possibility that abnormalities in intestinal motor function due to
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radiation damage may be important has also been recognzed (Yeoh et aI 1984; Otterson

et al 1988). Although it is clear that damage to the intestinal smooth muscle may result

from irradiation (Rubin & Casarett, 1968b) and that abdominal radiation may be

complicated by chronic gastroparesis (Layer et al 1986), we are unaware of any studies

of inæstinal motor function in chronic radiation enteritis in either animals or humans.

The sustained increase in stool frequency, but not stool weight has a number of

possible explanations. Dietary changes inevitably occur in patients with chronic

diarrhea and in our study, were likely to be associated with a reduced intake of dairy

products, because of lactose malabsorption, possibly contributing to the normal fecal fat

excretion. It is also likely that in some patients concurrent radiation proctitis contributed

to a stool weight which was lower than predicted from stool frequency. In this regard

anorectal manometric measurements would be of interest, but were not performed

because of the extensive nature of our investigative protocol. The value of rectal biopsy

in such cases is likely to be limited (Newman et aL 1973).

Medical therapy of diarrhea due to chronic radiation enteritis has been largely empirical

and there have been no adequate controlled studies. Antidiarrheal agents, broad

spectrum antibiotics, cholestryamine, sulphasalazine and oral corticosteroids have all

been used but anectdotal experience suggests that satisfactory control of diarrhea is

rarely achieved (Goldstein et al1976; Heusinkveld et al I978; Schofield et al 1983).

Most studies have focused on surgical approaches to complications such as stricture and

fistula formation. The demonstration of lactose malabsorption in a number of patients

following the completion of treatment has important implications for the treatment of

diarrhea. Simple avoidance of milk or milk products may relieve symptoms in some

patients. Bile salt binding agents such as cholestyramine are likely to be beneficial in

paúents with malabsorption of bile acid (Heusinkveld et al 1978). A high prevalence of

bile acid malabsorption has been reported in patients with otherwise unexplained

diarrhea and it has been claimed that this is predictive of improvement with

cholestyramine (Merrick et al 1985). Another therapeutic approach to the treatment of
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diarrhea associated with radiation enteritis may be by slowing small intestinal transit.

We have reported that loperamide-N-oxide, a peripheral opiate agonist precursor,

improves bile acid absorption, slows small intestinal and whole gut transit and is

effective in ueating dia:rhea in such patients (Chapær 7).

The observed persistent changes in gastrointestinal function occurred despite the use of

relatively sophisticated techniques for planning and delivery of radiation treatment,

such as dedicated computerized axial tomographic planning, multiple radiation fields,

customized beam blocks and high energy linear accelerators. More specialized

techniques reported to improve tolerance of pelvic irradiation were not employed

(Green 1983; Shanahan et al 1990). While it would be of interest to document the

impact of such specialized techniques on gastrointestinal function, somewhat

paradoxically there is evidence that the incidence of radiation bowel disease has

increased in recent years, as a result of changes in long established techniques

(Schofield et al 1986; Galland & Spencer 1987). For example, although the use of

radium has now been changed to safer isotopes such as cesium and cobalt, this has also

entailed new or modified applicators, altered dose rates and changes in the number of

treatments.
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CHAPTER 6

A retrospective study of the effects of abdominal irradiation

for seminoma of the testis on gastrointestinal function ( J

Gastroenterol Hepatol 1995; 10: 1 25-130)

6.1 INTRODUCTION

Damage to the inæstine is a generally underestimated cause of morbidity when radiation

is used in the curative treatment of abdominal or pelvic malignancy (Newman et al

1913; Beer et al 1985). 'We have recently reported that when pelvic inadiation is used

in the treatment of carcinoma of the cervix abnormal gastrointestinal function is

essentially an inevitable long tenn sequela (Chapter 4). Abdominal irradiation is

commonly used as an adjunct to surgery in the curative treatment of seminoma of the

testis and other abdominal malignancies and it is well recognised that short-term

symptoms such as nausea, vomiting and diarrhoea occur frequentþ as a result of such

treatment (Priestman et al 1987; Yeoh et al 1993). Although chronic gastroparesis has

been reported as a sequel to abdominal inadiation, there is little information about the

long-term effects of abdominal irradiation on gastrointestinal function (Layer et al

1936). Effects of irradiation are likely to be dependent on the duration of treatment, the

dose given and the amount and region of intestine exposed (Strockbine et al 1910:

Wharton et al 7977; Withers et aI 1977; Boume et at 1983). The dose of radiation given

for the treatment of carcinoma of the cervix is greater than that used in the treaünent of

seminoma, although the treatment of seminoma employs a larger radiation field. The

issue of whether the use of irradiation in the treatment of seminoma is associated with

significant long-term morbidity is of critical importance in view of recent studies that

indicate that abdominal inadiation may be avoidable in up to 85Vo of patients (Peckham

et al 1987; Duchesne et al 1990).
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We have now evaluated various aspects of gastrointestinal function in a randomly

selected cohort of patients treated with abdominal inadiation for seminoma of the testis

between 2 and 10 years previously.

6.2 METHODS

Subjects

The study group comprised 15 patients [median age 39 yr (25-70) yr, median body

weight 81 kg (65-137 kg) and median body mass index (BMI) 25 (20-42)l who were

randomly selected from a total cohort of 63 patients who had been treated for Stage I

seminoma of the testis, with abdominal (para-aortic nodal) and ipsilaæral pelvic nodal

irradiation between 1981 and 1990 at the Royal Adelaide Hospital. Of these 63 patients,

3 had died (1 of recurrent disease, 2 of unrelated causes) andT were lost to follow-up.

Characteristics of the patient group are shown in Table 6.1. The median time since the

compleúon of radiation treatment was 5 years (2-10 years). Six of the 15 patients had

right sided seminoma and in one patient the seminoma was bilateral. The exclusion

criteria for the patients in this study are as detailed in Chapter 4, Section 4.2 Methods.

Significant intestinal stricture was also excluded in all cases by a radiological small

bowel series. All of the patients and all but one of the control subjects was Caucasian.

The same 18 normal volunteers as in the retrospective study of the chronic effects of

irradiation for carcinoma of the cervix on gastrointestinal function (Chapter 4, Section

4.2 Methods) served as control subjects.

There were no significant differences in age, body weight and BMI between the two

groups.

Protocol

Each of the patients and normal voluteers underwent the same measurements of

gastrointestinal function as detailed in Chapter 4, Section 4.2 Methods.



TABLE 6.1 Characteristics of the patient group

Patient
Number

Body
Weight (Kg)

Age
(YÐ

Body Mass Treatment
Index

Radiation Dose*
GyA{o of FractionVDays

30 Gyl20 F/29 Days

30 Gyl20 F/32 Days

30 Gylz0 F/35 Days

30 Gyl20 F/28 Days

30 Gyl20F/29 Days

30 Gyl20Fl29 Days

40 Gyl20 F/35 Days

37.8 Gyl22 F/45 Days

14 GylT F/8 Days

Size of Radiation Field+
(cm x cm)

14.5 x 40

18.0 x 35.5

13.5 x 39

23.0 x 36.5

16.0 x 36.5

16.0 x 38

11.5 x 25

16.0 x 40

10.5 x 14

2

3

65

95

77

84

7I

81

72

85

40

65

25

39

33

27

37

70

20.r

29.3

23.0

28.r

22.4

24.2

24.r

24.8

Para-aortic and
left pelvis

Para-aortic and
left pelvis

Para-aortic and
left pelvis

Para-aortic and
pelvis

Para-aortic and
right pelvis

Para-aortic and
left pelvis

Para-aortic and
right pelvis

Para-aortic and
right pelvis
Right kidney bed
boost

4

5

6

7

8

t57



Table 6.1 continued

Patient Age
Number gÐ

10

11

13

T4

15

Body Mass Treatrnent
Index

Radiation Dose*
Gy/f{o of FractionVDays

30Gyl20 F/33 Days
(30 Gy to Point'4748 hr)

30Gyl20 F/30 Days

Size of Radiation Field+
(cm x cm)

14.0 x 28

12.0 x 30

11.0 x 31

12.5 x 31.5

I5.O x 34

15.0 x 40

15.0 x 38

Body
Weight (Kg)

89

73

68

36

46

35

45

35

39

9

T2

29.4 Para-aortic and
left pelvis

*

+

68 24.9 Para-aortic and
left pelvis

95 26.9 Para-aortic and
right pelvis

30 Gy/18 Fl24Days

22.5 Para-aortic and
left pelvis

29.3 Gyl20 F/26 Days

t37 42.3 Para-aortic and
right pelvis

34.9 Gyl24 F/36 Days

85 23.5 Para-aortic and
right pelvis

40 Gyl25 F/50 Days

79 25.5 Para-aortic and
left pelvis

40 Gyl25 F/39 Days

For each patient the dose increment is 1.50-2.00 Gy prescribed as a minimum tumour dose given 5x/week.

Sizes given are for maximum [ield dimensions. Shielding blocks were customized for each patient.
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Stastistical analysis

Data were evaluated using the Mann-Whitney test and linear regression analysis. The

Chi-squared æst was used to evaluate changes in lactose absorption. Values outside the

control range were considered abnormal. A p value < 0.05 was considered significant

in all analyses.

6.3 RESULTS

The lactose absorption and intestinal permeability tests were not done in two of the

patients. The 13 remaining patients and all of the control subjects completed the study

protocol.

Table 6.2 summarises the results of the measurements in the patients and control

subjects. Although most patients had relatively few upper gastrointestinal symptoms,

the prevalence of symptoms was greater (p < 0.01) than in the control subjects. Stool

frequency was not significantly different between the two groups, but in two patients it

was greater than the control range. In the patients there was a non-significant trend for

an increase in stool frequency/week when compared to before the commencement of

radiation (7 (5-32) bowel actions/wk vs lI (7-32) bowel actions/wk (p=0.058). There

was no signif,rcant difference in stool weight or faecal fat excretion between the patients

and control subjects, but faecal fat excretion was greater than the control range in 3 of

the patients. There was also no significant difference in dietary calcium intake, or the

prevalence of lactose malabsorption between the two groups. Bile acid and vitamin

812 absorption did not differ between patients and controls, but in one patient with

right sided seminoma bile acid absorption was below the control range. Gastric

emptying was faster in the patients (p<0.01) and in seven of the patients fhe 50Vo

gastric emptying time was less than the cont¡ol range. There was no difference in

small intestinal transit, whole gut transit, or intestinal permeability between the two

groups. Despiæ the absence of statistically significant differences at least one parameter

of gasuointestinal function was abnormal in 11 of the 15 patients.
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TABLE. 6.2 Measurements of gastrointestinal function in patients and

in control subjects t

Paramet€r Control
subjects

Patients p value

Number of subjects
Calciumintake (mg/wk)

Gastrointestinal symptoms
Score
Stool frequency/wk
Stool frequencyl3d
Stool wt/3d (g)

Absomtion
SeHCAT (7o)
Co-58 YitBL2 (Vo)
Faecal fat (mmoV3d)
Lactose malabsorption (no.)

Gastrointestinal transit
Gastric emptying
Lag phase (min)
50Vo emptying (min)

Whole sut transit
First marker (h)
50% markers (h)

Inæstinal Permeability
Cr-51 EDTA(Vo)
Lac tulose/Rhamnose (ratio)

18
31 ss(65-e486)

23(9-64)
8t(2e-e9)
s3(20-80)
2

0.5(0.5-8)
6s(27-ee)

27 (7 -48)
33(18-72)

1.5(0.7-4.1)
0.09s(0.04-0.29)

15
s030(17-13650)

1(0-7)
7(4-21)
3(1-8)
470(L6s-948)

22(8-sr)
1s(s6-94)
62(16-r24)
3

0.5(0.s-8.s)
30(10-87)

39(22-e8)
rs3(r0s-2s2)
38(2r-9'7)
4r(23-7s)

23(r2-ss)
37(22-ss)

2.0(r.2-3.6)
0.04(0-0.43)

N. S.

1)
t4)
10)

0(0-
8(3-
4(2-

<0.01
N. S.
N. S.
N. S.

N. S.
N. S.
N. S.
N.S. **

S

S

S

S

S
S

S

S

s07(308-1 190)

N. S.
<0.01

Small intestinal transit
Start colonic filling (min) 57(23-II7)
50Vo colonic filling (min) 178(88-295)
Small intestinal transit (min) 55(22-lL4)
Small intestinal residence (AUC) 39(23-58)

N
N
N
N

N
N

N
N

*+
**

* Data are median values and ranges (analysis by Mann-Whitney U æst)

** Result based on 13 of 15 patients
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Patients who had right sided seminoma (7 patients including the patient with bilateral

seminoma) had a greater frequency of bowel actions/week when compared to those

with left sided seminoma (14(5-21) vs 7(4-18), p<0.05). Apart from this there were no

other significant differences between the two patient groups. When the group with

right sided seminoma (7 patiena) was compared to the control subjects, symptom score

was greater (p<0.01) and there was a trend (p=0.06) towards faster gastric emptying in

the patients. Symptom score was greater (p<0.05) and gastric emptying faster

(p<0.01) in the 8 patients with left sided seminoma when compared to the control

subjects"

In the control group, there was a significant correlation between bile acid absorption

and whole gut transit (r=0.48, p < 0.05 for both lst and 50Vo markers). In the patients,

stool frequency was inversely related to whole gut transit for 1st markers (r=-0.51,

p<0.05) and directly related to both stool weight (r=0.63, p < 0.01) and faecal fat

excretion (r=0.7 1, p<0.01).

6.4 DISCUSSION

The results of this study show, contrary to commonty held belief, that treatment of

seminoma of the test wittr abdominal inadiation is frequently associated with long-term

effects on gastrointestinal function. Although a modest increase in the prevalence of

upper gastrointestinal symptoms and more rapid gastric emptying were the only

parameters of gastrointestinal function which were statistically different from the

control subjects, other measurements were clearly abnormal in individual patients. For

example, faecal fat excretion was abnormal in three of the 15 patients, stool frequency

was increased in two patients, one patient had more rapid small intestinal transit and in

11 of the 15 patients at least one parameter was abnormal. It is therefore likely that a

greater number of significant differences would have been apparent if a greater number

of patients was studied.
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The demonstration of faster gastric emptying in our patients was surprising,

particularly in view of a report of gastroparesis as a complication of abdominal

irradiation for seminoma (Layer et al 1986). The mechanical controls of gastric

emptying are still poorly understood. The traditional concept that tonic contraction of

the gastric fundus has the major control over liquid emptying (Hinder & Kelly I9l1)

has been challenged by observations which have shown that transpyloric flow of

tiquids is mainly pulsatile (Houghton et al 1988). The pylorus appears to be important

in the control of nutrient emptying by acting as a brake (Heddle et at 1989). Small

intestinal receptors exert feedback on this mechanism so that emptying of nutrients is

normally tightly regulated (McHugh & Moran 1979; Brener et al 1983). The cause of

the more rapid gastric emptying after abdominal irradiation is uncertain but may reflect

changes in proximal gastric or pyloric motor function, or defective small intestinal

feedback mechanisms. Effects on gastric motor function may well be dose-dependent,

as rhe radiation dose given in our study was substantially less than in the previous

report (Layer et al 1986). It is also uncertain whether more rapid gastric emptying

contributes to the increased prevalence of upper gastrointestinal symptoms in these

patients.

The relatively subtle changes in gastrointestinal function observed in this study contrast

with the marked abnormalities that exist in most patients who have received pelvic

irradiation for treatment of carcinoma of the cervix (Chapter 4)" This is not surprising.

The radiation doses used in this study were substantially less than those employed in

our previous report (Chapter 4, 30Gy (29.3-51.8) vs 69 Gy (30-75), p < 0.001) and

the terminal ileum was outside the radiation field in those patients with left sided

seminoma. It is of interest that stool frequency was greater in those patients who had

right sided seminoma.

We have suggested previously (Chapters 4 and 5) that more precise characterisation of

the abnormalities in gastrointestinal function associated with chronic radiation enteritis
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may allow therapy to be targeted more effectively. For example, lactose malabsorption

should be treated by avoidance of milk products (a history of lactose intolerance is

seldom obtained) and bile salt binding agents such as cholestyramine may be beneficial

in patients with bite acid malabsorption (Heusinkveld et al L978). Another therapeutic

approach to the treaünent of dia¡rhoea associated with chronic radiation enteritis may be

by slowing intestinal transit (Chapter 7).

Our results do not allow a definitive conclusion as to whether irradiation should be

avoided if at all possible in the treatment of Stage I seminoma (Peckham et al 1987;

Duchesne et al 1990). However, with the demonstration that a policy of close

surveillance following orchidectomy produces an equivalent long term survival to

immediate post-operative radiation therapy for Stage I seminoma of the testis (Peckham

et al 1987; Duchesne et al 1990) the morbidity of treatment, even if relatively minor,

assumes a new significance.
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CHAPTER 7

Gastrointestinal function in chronic radiation enteritis - the
effects of loperamide-N-oxide (Gut 1993;34:476-482)

7.T INTRODUCTION

Chronic radiation enteritis is now recognised to be a frequent and clinically important

sequel of abdominal and pelvic irradiation treatment for malignant disease (Newman et

aI 1973; Ludgate & Merrick 1985; Schofield et al 1986; Galland & Spencer 1987; Yeoh

& Horowitz 1987). Diarrhea with or without abdominal cramps is the most common

symptom (Newman et aL 1973). Although intestinal stricture and associated bacterial

overgrowth are well recognised in chronic radiation enteritis, in most cases the

pathophysiology of diarrhea is uncertain. While changes in intestinal absorption and

motility unrelated to bacterial overgrowth have been implicated in the aetiology of

diarrhea (Newman et al 1973; Ludgate & Merrick 1985; Yeoh et al 1984; Yeoh &

Horowitz 1987; Chapter 5) there has been no comprehensive evaluation of

gastrointestinal function in chronic radiation enteritis. Perhaps partly as a result of this,

present approaches to treatment have been often empirical (Galland & Spencer 1987;

Yeoh & Horowitz L987)'

The aim of our study was to evaluate various aspects of gastrointestinal function in

patients with dianhea due to chronic radiation enteritis and the effects of treatment with

the peripheral opiate agonist precursor loperamide-N-oxide.

1.2 METHODS

Subjecs

20 patients [16 female, 4 male, median age 73 yr (42-90 yr), median body weight 65 kg

(54-ll4) and median body mass index (BMI) 25.1 (18.8-31.4)l with persistent

diarrhoea 3-22 years after therapeutic pelvic irradiation for carcinoma of the

genitourinary tract (see Table 7.1 for individual patient characteristics) were studied.



TABLE 7.1 Characteristics in the patient group

Patient Age Body Body Mass Diagnosis Radiation Dose Radiation Field

1 68 69.2 25.6. Carcinoma of Cervix M.95 Gyl25 F/32 Days 16.5 x 18.5

24
24
27
27
23

80
80
63
76
79*

2
3
4
5
6

7t.9
72.5
58.8
62.5
66.0

85 s8.0

90 54.0

70 54.0

8
7
7
6
5

Carcinoma of Prostate
Carcinoma of Prostate
Carcinoma of Cervix
Endometrial Ca¡cinoma
Endomet¡ial Carcinoma

Carcinoma of Cervix

Ca¡cinoma of Cervix

Ca¡cinoma of Cervix

Carcinoma of Cervix
Endometrial Carcinoma

Carcinoma of Cervix
Carcinoma of Prostate

(25 Gy to Pt'A'Intra-Cavitary)
59.76 Gy/30 F/51 Days
62.15 Gyl3I F/44 Days
|r[6 þgtails Available (freated in Chile)
46Gyl23 F/31 Days
50Gyl25 F/41 Days
(20 Gy Vaginal Mould)
46Gyl23 F/33 Days
(20 Gy to Pt'A'Intra-Cavitary)
50Gyl25 F/3 Days
(20 Gy to Pt 'A' Intra-Cavitary)
34GylIl Fl27 Days
(45 Gy to Pt'A'Intrac-Cavitary)
50Gyl25 F/36 Days
50Gyl25 F/32 Days

50Gyl25 F/39 Days
64Gyl32 F/47 Days

15.5 x 17.5
15.5 x 19.0

17.5 x 15.5
17.5 x 18.0

16.0 x 16.5

15.0 x 16.0

14.0 x 15.0

77 .0 x 21.0
15 x 28.5 (Abdomen)
15 x 17.5 (Pelvis Only)
14 x 19.5
13.0 x 19.5 (Pelvis)
8.5 x 9.5 (Prostate)
15.0 x 14.0
15.5 x 17.0

x 18.0
x 14.5
x 20.0

15.0 x 20.0
Not Available

7

8

9

l0
l1

42
63

62.0
67.0

67.0
65.0

23.6

2r.3

22.5

25.9
2r.2

22
28

2
3

t2
l3*

73
73

14 72 59.0 22.5 Carcinoma of Cervix 50 Gy/30 F/45 Days
15 78 70.0 29.2 Endometrial Carcinoma 46.8 Gyl26 F/39 Days

(20 Gy Vaginal Mould)
16 73 54.0 21.4 Carcinoma of Ovary 50 Gyl26 F/39 Days
17 81 74.0 25.3 Carcinoma of Prostate 64Gyl32 F/45 Days
18 63 5l .0 18.8 Carcinoma of Ovary 49.9 Gyl25 F/35 Days
19 48 I 14.0 5l.4 Carcinoma R Fallopian Tube 55 Gy/30 F/40 Days20 51 80.0 28.4 Endometrial Carcinoma 50 Gyl25 F/35 Days

r5.0
15.0
15.0

x Patients withdrew from study
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Persistent diarrhoea was defined as a chronic doubling of the frequency of defaecation

before irradiation and a minimum frequency of 14 bowel actions a week. The exclusion

criteria for patients in this study are as detailed in Chapter 4, Section 4.2 Methods.

Signif,rcant intestinal stricture were also excluded in all cases by a radiological small

bowel series.

The samelS normal volunteers as detailed in Chapter 4, Section 4-2 sewed as control

subjects.

All but three of the patients and all but one of the control subjects was Caucasian. The

control subjects were younger than the patients (p < 0.05). Body weight was greater in

control subjects compared with the patients (p < 0.05), but there were no significant

difference in BMI beween the two groups.

Protocol

Each of the 20 patients was given in double-blind randomised order, loperamide oxide

tablets (Janssen Pharmaceutica Beerse, Belgium) in a dose of 3 mg twice daily by

mouth (0800h and 2000h) and placebo (identical tablets without loperamide oxide) for

14 days, separated by a wash-out period of 14 days. Between days 3 and 14 after

starting either loperamide oxide or placebo, each paúent underwent measurements of a

number of aspects of gastrointestinal function.

Each patient had a complete blood examination, multiple biochemical analysis of plasma

and ECG when admitted into the study and at the end of each phase of the study. Any

adverse effects potentially related to the trial medication were also documented at the

end of each phase of the study.

The control subjects did not receive either placebo or loperamide oxide tablets but

underwent an identical series of measurements of gastrointestinal function on one

occasl0n.
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Measurements

The following measurements of gastrointestinal function were assessed in the patients

and control subjecs: (a) Gastrointestinal symptoms (questionnaire) (b) Absorption of: i)

bile acid and vitaminBI2, ii) lactose, iii) fat, and measurement of stool weight (c)

Gastrointestinal transit: gastric emptying, small intestinal transit and whole gut transit

and (d) Intestinal permeability. In those subjects undergoing sequential measurements

of vitamin B 12 and bile acid absorption, although the intervals between evaluations was

at least 4 weeks, a correction for patient background counts was made by first counting

the residual counts in both the Co-58 and Se-75 photo peak windows prior to the

adminstration of the subsequent doses of Co-58 812 and Se-75 Hcat. Otherwise, an

identical protocol for measurements of gastrointestinal function as outlined in Chapter

4, Section 4.2 Methods, was observed.

Statistical analysis

Data were evaluated using the Wilcoxon rank sum test (paired measurements), the

Mann-Whitney U test (unpaired measurements) (Conover 1980), the Chisquared test,

and linear regression analysis. A p value of < 0.05 was considered significant.

1.3 RESULTS

18 out of 20 patients completed the study. The two patients who withdrew (numbers 6

and 13) felt they could no longer cope with the program of evaluations of

gastrointestinal function required in the protocol. No significant adverse effects were

reported and no significant changes in haematological, biochemical and

electrocardiographic parameters were documented. One scintigraphic assessment of

gastric emptying and intestinal transit (in patient 5), one urine collection for the double

sugar lactulose/rhamnose permeability test (patient 10) and one faecal fat estimation (in

patient 11) were lost. In consequence only 17 paired measurements were used in some

cases for the comparison between placebo and loperamide oxide phases of the study.
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Comparison between control subjects and patients during placebo

treatment

Table 7.2 summarises the results for the patients during the placebo phase of the study

and the control subjects. There was no evidence of small intestinal bacterial

overgrowth in the patients i.e. no early rise in breath hydrogen concentrations after oral

lactose or lactulose. Both the number of bowel actions per week (assessed by diary)

and stool frequency per 3 days (assessed by 3 day faecal collection) were greater in the

patients compared with the control group (p<0.001). There was no significant

difference in stool weight. Except for the frequency of bowel actions there was no

difference in gastrointestinal symptoms between the patients and controls. Bile acid

absorption was markedly reduced in the patients (p<0.001), but there was no

significant difference between the two groups in vitamin 812 absorption. Faecal fat

excretion was less in the patients (p<0.01). Dietary intake of dairy products was lower

(p<0.02) and fat intake also tended to be less (p=0.09) in the patients. 10 patients had

lactose malabsorption, compared to 2 of the control subjects (p<0.05). Of the patients

with lactose malabsorption only 2had a history of gastrointestinal intolerance to milk,

or milk products. Despiæ this dietary intake of dairy products was less in paúents with

lactose malabsorption than the remainder of the group (2I3g (0-4940) vs23549 (320-

8190) p<0.05). Gastrointestinal symptoms after the lactose load were reported by 4

patients. There was no significant difference in gastric emptying between the two

groups, but small intestinal transit (p<0.001) and whole gut transit (p<0.05) were

faster in the patiens than in the control subjects. There was no significant difference in

intestinal permeability between the two groups. In the control group there was a

significant correlation (r=0.48, p<0.05) between bile acid absorption and whole gut

transit (first radioopaque marker and 50Vo markers). In the patients stool frequencyl3d

was inversely related to bile acid absorption (r=-0.49, p<0.05). Otherwise there were

no significant relationships between the frequency of bowel actions, or stool weight

and other parameters of gastrointestinal function in either the patients, or the control

subjects.
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TABLE 7.2 Results in patients during the placebo phase of the study
and in control subjects*

Parameter Control Patients
@lacebo)

p value

Number of subjects
Calcium intake (mdwk)

Gastrointestinal symptoms
Score
Bowel actions/wk
Stool frequencyl3d
Stool wt/3d (g)

Absomtion
SeHCAT (7o)
Co-58 YitBl2 (Vo)
Faecal fat (mmoV3d)
Lactose malabsorption (no)

G astrointestinal transit
Gastric emotvins
Lag phase (min)
50Vo emptying (min)

Whole gut transit
First marker (h)
50% markers (h)

Intestinal Permeability
Cr-51 EDTA(qo)
Lactulose (mmol/l)
Rhamnose (mmoVl)
LactuloselRhamnose (ratio)

18
31s5(6s-9486)

0(0-1)
8(3-14)
4(2-r0)
507(308-1 190)

22.8(9.2-63.6)
81.4(29.4-98.9)
53(20-80)
2

0.5(0.5-7.s)
6s(27-ee)

18
147s(0-8190)

0(0-3)
1e(e-s3)
7(2-14))
4s0(186-127s)

3.3(0.0-4s.7)
74.3(4s.r-rc0)
33(1 1-65)
10

0.5(0.5-3.5)
ss(1-160)

29(t4-73)
12s(83-208)
28(r4-68)
27.4(18.6-46.8)

2r.s(6-4s)
28.s(r0-72)

1.99(0.0e 1 -8.2s)
0.60(0.04-e.8)
r.9r(0.23-s2.2)
0.060(0.03 -0.2s)

<0.02

N. S.
<0.001
<0.001.
N. S.

<0.001
N. S.
<0.01.
<0.05.

N. S.
N. S.

Small intestinal transit
Start colonic filling (min) 57(23-lI7)
50% colonic filling (min) 178(88-295)
Small intestinal transit (min) 52(22-II4)
Small inæstinal residence (AUC) 39.2(23.2-51 .7)

<0.001
<0.001
<0.001
<0.01

<0.05
N. S.

26.5
32.5

6.s-48)
17.5-71)

(
(

t.49(0.70-4.06)
0.93(0. 14-16.3)
1.8s(0.33-48.3)
0.09s(0.04-0.29)

N. S.
N. S.
N. S.
N. S.

* Data a¡e median values and ranges (analysis by Mann-Whitney U test)
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Effects of loperamide oxide

Table 7.3 summa¡ises the results during placebo and the loperamide oxide phases of

the study. Loperamide oxide decreased stool frequency (p<0.001) and weight

(p<0.01). After treatment with loperamide oxide the number of bowel actions was still

greater in the patients when compared to the control subjects (p<0.05), but stool

weight was less (p<0.01) (fable 7.4). Blle acid absorption was increased markedly by

loperamide oxide (p<0.01) (Figure 7.1) and, after treatment, was not significantly

different from the control group (Table 7.4). Somewhat surprisingly, treatment with

loperamide oxide was associated with a small, but significant decrease (p<0.05) in

vitamin 812 absorption. Loperamide oxide did not affect faecal fat excretion, but

during treatment with loperamide oxide there was an inverse relationship between bile

acid absorption and faecal fat excretion (r=-0.63, p<0.01). There was no difference

between the two groups in the lag phase, but the time for 50Vo lastric emptying was

less during treatment with loperamide oxide (p<0.01) and gastric emptying was faster

in patients after treatment with loperamide oxide (p<0.05) than in control subjects

(Table 7.4). Trr contrast, loperamide oxide delayed both small intestinal (p<0.01) and

whole gut (p<0.01 first marker, p<0.05 50Vo markers) transit. During treatment with

loperamide oxide, small intestinal transit and whole gut transit were not significantly

different from the control group (Table 7.4). There were significant relationships

between stool weight and both whole gut transit (r=-0.58, p<0.01) and stool frequency

(r=0.45, p<0.05) during treatment with loperamide oxide. Intestinal permeability, as

assessed by the Cr-51 EDTA test, was greater (p<0.01) after treatment ioperamide-

oxide, but there was no difference in the absorption of lactulose/rhamnose (Table 7.3).

Cr-51 EDTA absorption was related to small bowel residence during both the placebo

and loperamide oxide phases (r>0.45, p<0.05).
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TABLE 7.3 Results in patients during placebo and loperamide phases*

Pa¡ameter Placebo Loperamide oxide p value

Stool
Stool

Number of subjects

Gastrointestinal symptoms
Score
Bowel actionVwk

frequency/3d
wl3d (e)

18

0(0-3)
1e(e-s3)
7(2-t4)
4s0(186-127s)

3.3(0.0-4s.7)
74.3(4s.1-100)
33(1 1-6s)
10

0.s(0.5-3.s)
5s(l-160)

29(14-73)
12s(83-208)
28(14-68)
27.4(18.6-46.8)

2r.s(6-4s)
28.s(r0-72)

1.99(0.091-8.25)
0.60(0.04-9.8)
r.9r(0.23-s2.2)
0.06(0.03-0.2s)

r8

0(0-3)
13.s(6-3e)
s(1-10)
260(63-1170)

20.5(0.0-65.4)
62.8(37.7-e0.9)
3s(e-68)
7

0.s(0.s-e.s)
39(1-135)

37.s(r4-r3s)
t64(83-269)
37(r3-r34)
4r.8(26.4-62.s)

N. S.
<0.001
<0.05
<0.01

Absomtion
SeHCAT (7o)
Co-58 YitBI2 (Vo)
Faecal fat (mmoV3d)
Lactose malabsorption (no)

Gastrointestinal transit
Gastric emptying
Lag phase(min)
50Vo emptying (min)

Small intestinal transit
Start colonic filling (min)
507o colonic f,rlling (min)
Small inæstinal transit (min)
Small intestinal residence (AUC)

Whole sut transit
First marker (h)
507o markers (h)

Intestinal Permeability
Cr-51 EDTA(Vo)
Lactulose (mmol/l)
Rhamnose (mmoVl)
Lactulose/Rhamnose (ratio)

r0.5-72)
r0.s-72)

<0.01
<0.05

<0.01
<0.001
<0.01
<0.001

<0.01
<0.05

N. S.
N. S.

N. S.
<0.01

28
58

5(
5(

2.70(0.16-6.8)
0.41(0.07-9.83)
2.60(0.s4-2r.3)
0.06(0.01-0.28)

<0.01
N. S.
N. S.
N. S.

* Data are median values and ranges (analysis by Wilcoxon test)
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TABLE 7.4 Results in patients during treatment with loperamide
oxide and control subjects*

Parameter Control Loperamide oxide p value

Stool
Stool

Number of subjects

Gastrointestinal svmotoms
Score
Bowel actions/wk

18

0(0-1)
8(3-14)
4(2-t0)
507(308-1 190)

22.8(9.2-63.6)
81.4(29.4-98.9)
s3(20-80)
2

0.s(0.5-7.s)
6s(27-99)

26.s(6.s-48)
32.s(r7.s-71)

1.49(0.7-4.06)
0.93(0.14-16.3)
1.85(0.33-48.3)
0.09s(0.04-0.29)

18

0(0-3)
13.5(6-3e)
s(l-10)
260(63-1170)

20.s(0-6s.4)
62.8(37 .7 -90.9)
3s(e-68)
7

0.s(0.s-e.s)
3e(1-13s)

frequency/3d
wt/3d (g)

N. S.
<0.05
<0.05
<0.01

N. S.
<0.01
<0.05
N. S.

N. S.
<0.05

Absomtion
SeHCAT (7o)
Co-58 YitBl2 (Vo)
Faecal fat (mmoV3d)
Lactose malabsorption (no)

Gastrointestinal transit
Gastric emptving
Lag phase(min)
50Vo emptying (min)

Whole sut transit
First marker (h)
507o markers (h)

Intestinal Permeability
Cr-51 EDTA(EI)
Lactulose (mmol/l)
Rhamnose (mmol/l)
Lactulose/Rhamnose (ratio)

Small intestinal transit
Start colonic filling (min) 57(23-LL7)
50Vo colotttc filling (min) 178(88-295)
Small intestinal transit (min) 52(22-Il4)
Small inæstinal residence (AUC) 39.2(23.2-57 .7)

37.s(r4-r3s)
r64(83-269)
37(r3-r34)
4t.8(26.4-62.s)

28.sQ0.s-12)
s8.s(10.s-72)

2.70(0.16-6.8) <0.0
0.41(0.07-9.83) N.S,
2.60(0.s4-2r.3) N. S.
0.060(0.01-0.28) N. s.

N. S.
N. S.
N. S.
N. S.

N. S.
N. S.

5

* Data are median values and ranges (analysis by Mann-Whitney U æst.



t73

ABSORPTION

bile acid

ns

p<0.01

p<0.001

CONTROL PLACEBO LOX

Figure 7.1 Absorption of bile acid in control subjects and patients with
radiation enteritis during treatment with placebo and loperamide oxide
(Lox). Data are shown as median values and interquartile ranges.
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7.4 DISCUSSION

During the course of abdominal and/or pelvic irradiation, acute radiation enteritis

manifest as dia¡rhea with or without abdominal cramps, is almost inevitable (Yeoh et al

1984; Yeoh & Horowiø 1987). The prevalence of chronic radiation enteritis, defined

as persistence of symptoms beyond 3 months afær completion of radiation treatment, is

however uncertain (Yeoh & Horowitz 1987). Several retrospective surgical series

suggest that the incidence of "significant" damage is only 5-I5Vo (DeCosse et al 1969;

Schofield et al 1983). These studies have, however, considerable limitations,

particularly as they do not include patients who died, or were lost to follow-up in the

prolonged interval between treatment and the onset of symptoms. In contrast, a

sustained increase in bowel frequency was noted in 12 of 17 unselected women who

had received pelvic radiotherapy for gynaecological malignancy l-26 years previously

(Newman et al 1973). It therefore appears probable that the incidence of chronic

radiation enteritis has been generally underestimated (and may be more than 50Vo),that

increased bowel frequency is the most frequent symptom of chronic radiation enteritis

and that the majority of patients with chronic radiation enteritis do not seek medical

help until the occurrence of a severe complication, such as stricture, perforation or

anaemia due to blood loss (Yeoh & Horowitz 1987). There is some evidence that the

incidence of radiation bowel disease has increased in recent years, as a result of

changes in long established techniques (Schofield et al 1986; Galland & Spencer

1987). For example, although the use of radium has now been changed to safer

isotopes such as cesium and cobalt, this has also entailed new or modified applicators,

altered dose rates and changes in the number of treatments.

The rectum, sigmoid colon and terminal ileum appear to be particularly at risk from

pelvic radiotherapy (Ludgate & Memick 1985). While the histological features of

chronic radiation enteritis, characterized by obliterative endarteritis of the small vessels

in the intestinal wall, submucosal oedema and lymphatic dilatation are well documented

(V/ellwood & Jackson 1973), there is little information about the pathophysiology of
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diarrhea due to chronic radiation enteritis (Ludgate & Merrick 1985; Yeoh & Horowitz

1987). It has been suggested that diarrhea reflects malabsorption due to either

infiltration of the mucosa by inflammatory cells and luminal narrowing of the

submucosal arterioles (Carr et al 1984), or intestinal bacterial overgrowth (Ludgate &

Merrick 1985). The possibility that abnormalities in intestinal motor function may be

important has also been recognised (Yeoh et al L984; Otterson et al 1988). In the first

comprehensive study of intestinal function in patients with diarrhea due to chronic

radiation enteritis, we have demonstrated a high prevalence of abnormalities in

intestinal transit and absorption. Both small intestinal and whole gut (mainly colonic)

transit, were faster in the patients than the control subjects. Bile acid absorption was

reduced in many of the patients (although vitamin B 12 absorption was usually normal)

and 10 patients had malabsorption of lactose. All of these factors may theoretically

contribute to diarrhea. These observations were not due to intestinal stricture or

bacterial overgrowth. The relatively small difference in median age between the

patients and the control subjects is unlikely to be important. The observation that

despite increased stool frequency, stool weight \¡/as not greater in the patients is likely

to reflect dietary changes, which inevitably occur in patients with a long history of

diarrhea. Intake of dairy products was less in the patients and probably contributed to

the normal faecal fat excretion. It is also possible that in some patients concurrent

radiation proctitis caused rectal irritability and contributed to a stool weight which was

lower than would be predicted from stool frequency.

The SeHCAT test has made inæstinal bile acid malabsorption much more easy to detect

(Menick et al 1985; Ferraris et al 1986). A high prevalence of bile acid malabsorption

has been reported in patients with otherwise unexplained dianhea (Menick et al 1985;

Sciarretta et al 1987) and it has been suggested that this is of pathogenetic importance

and predictive of improvement with cholestyramine (Merrick et al 1985). Our

observation of a high prevalence of bile acid malabsorption in patients with chronic

radiation enteritis is consistent with the results of a previous study (Ludgate & Merrick
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1985). V/hile vitamin B12 malabsorption has been demonstrated in some patients

(Ludgate & Merrick 1985), it is recognised that bile acid absorption is a more sensitive

test of terminal ileal function than vitamin B 12 absorption (Fromm et al 1973). The

reduced bile acid absorption is likely to reflect damage to the terminal ileal mucosa. It

should, however, be recognised that more rapid intestinal transit, by reducing the time

available for abso¡ption could contribute to decreased bile acid absorption and diarrhea

(Yeoh et al 1984; Schiller atal1987; Sciarretta et al 1987). In particular, the terminal

ileum appears to have an important role in the regulation of small intestinal transit

(Read et al 1984). The lactose malabsorption demonstrated in 10 patients most likely

reflects mucosal damage, as small intestinal bacterial overgrowth was essentially

excluded and all of the patients were Caucasian. A high prevalence of lactose

malabsorption has been reported previously in patients with chronic radiation enteritis

who required parenteral nutrition (Beer et al 1985). The observation that lactose

malabsorption is a common long-term effect of abdominal and/or pelvic irradiation is

important and consistent with findings of a prospective study conducted by our group

which suggests that mucosal damage in acute radiation enteritis does not recover in

many patients (Chapter 5). It is not surprising that a history of milk intolerance was

seldom obtained in patients with lactose malabsorption, although dietary intake of dairy

products was reduced (Horowitz et aL1987).

We have demonstrated for the first time that small intestinal and whole gut transit is

faster in patients with chronic radiation enteritis. Both single large doses, and

fractionated doses of radiation have been shown to alter small intestinal motility in

animals (Summers et al 1970; Otterson et al 1988). Fractionated doses of abdominal

radiation increase the frequency of giant migrating contractions and retrograde giant

contractions (Otterson et al 1988). We and others have reported that both small

intestinal and total gut transit is faster in acute radiation enteritis (Yeoh et al 1984,

LaManna et al 1985). Although there is unequivocal evidence of damage to the

intestinal smooth muscle in chronic radiation enteritis (Rubin & Casarett 1968b), we
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are unawa-re of any studies of intestinal motor function in chronic radiation enteritis in

either animals or humans.

Medical therapy of diarrhea due to chronic radiation enteritis has been largely empirical

and there have been no adequate controlled studies (Yeoh & Horowitz 1987).

Antidiarrheal agents, broad spectrum antibiotics, cholestyramine, sulphasalazine and

oral corticosteroids have all been used (Goldstein et al I97 6; Heusinkveld et al 1978;

Schofield et al 1986), but anectdotal experience suggests that satisfactory control of

diarrhea is rarely achieved. Most series have focused on surgical approaches to

complications such as stricture and fistula formation. The results of our study indicate

that loperamide-N-oxide is effecúve in the treatrnent of diarrhea associated with chronic

radiation enteritis.

Loperamide-N-oxide is a peripheral opiate agonist precursor, which is converted to

loperamide in the intestinal lumen (Lavrijsen et al 1984) and liver (Niemegeers et al

1986). Loperamide-N-oxide is itself inactive and has negligible affinity for opiate

receptors (Gommeren & Leysen 1988). Plasma levels of loperamide after oral

administration of loperamide-oxide are two-fold lower than the equivalent oral doses of

loperamide (Van De Velde et al 1987) resulting in a two-fold increase in the already

high safety margin of loperamide (Van De Velde et al1987; Van De Velde et al 1988).

At the same time anti-diarrheal efficacy is maintained, since a dose of even 1 mg of

loperamide oxide has been shown to be effective in a randomised double blind study of

acute diarrhea in adults (Van Den Eynden et al 1995). As a result of the gradual

activation of loperamide oxide, associated with lessened absorption of loperamide into

the systemic circulation, it has been suggested that the incidence of adverse effects such

as constipation may be less (Van De Velde et al 1988).

Previous studies (Chapaux et al 1974; Geginat et al 1978) which suggest that

loperamide may be effective in the treatment of diarrhea associated with acute radiation
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enteritis provide no insights into the mechanisms of efficacy, as only symptoms t¡/ere

evaluated. Other studies indicate that loperamide may prolong intestinal transit,

normalize intestinal fluid and electrolyte movement and increase anal sphincter tone

(Read et al 1982; Schiller et al 1984; Basilisco et al 1985; Kachel et al 1986). Trearnent

of diarrhea associated with chronic radiation enteritis with loperamide oxide was

associated with significant changes in stool frequency and volume, gastrointestinal

transit, intestinal absorption and permeability. Stool frequency and volume decreased

and bile acid absorption increased after treatment with loperamide oxide. We are unable

to explain why vitamin B12 absorption decreased during treatment with loperamide

oxide, but can only comment that the magnitude of the change was relatively small.

Loperamide oxide increased the rate of gastric emptying, but slowed both small

intesrinal and whole gut transit. Intestinal permeability to Cr-51 EDTA, but not

lactulose/rhamnose was increased by loperamide oxide- The beneficial effects of

loperamide oxide on stool frequency, bile acid absorption and inæstinal permeability are

likely to reflect the slowing of small intestinal and colonic transit (Schiller et a11984).

The fact that permeability as evaluated by the double sugar test was not increased by

loperamide oxide is consistent with this hypothesis, as results of this test are

independent of intestinal transit (Brunetto et al 1990). An effect of loperamide-oxide on

intestinal secretion cannot be excluded as this was not examined (Geginat et al 1978).

The faster gastric emptying after treatment with loperamide oxide is not unexpected

(Cann et al 1982). This effect is likely to reflect the absence of central opiate properties

of loperamide, compared to other opiates, such as morphine which slow gastric

emptying. Although the majority of our patients had minimal upper gastrointestinal

symptoms and normal gastric emptying, the effect of loperamide on gastric emptying

may be beneficial in some patients with chronic radiation enteritis, as chronic

gastroparesis is a recognised sequel to abdominal irradiation (Layer et al 1986).
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CHAPTER 8

A retrospective study of the effects of pelvic irradiation on

anorectal function (manuscript submitted for publication)

8.1 IÑIRODUCTTON

Pelvic irradiation is being increasingly used in the curative treatment of malignant

diseases such as carcinoma of the cervix and uterine corpus (Sher & Bauer 1990).

During pelvic irradiation, gastrointestinal symptoms are inevitable (Yeoh et al 1984).

Symptoms referable to anorectal dysfunction, including faecal incontinence are common

(Sedgwick et al 1994). Sedgwick et al (1994) reported that urgency of defaecation and

faecal incontinence occurred in 90Vo and 30Vo of patients undergoing pelvic

radiotherapy, respectively. We (Chapter 5) and others (Newman et aI 1973) have

reported that although gastrointestinal symptoms usually improve following the

completion of pelvic irradiation, there is often a persistent increase in the frequency of

defaecation, associated with decreased absorption of nutrients and rapid small intestinal

transit (Chapter 5). In contrast stool weight is characteristically not increased in the

long term (Chapters 4 and 5). We therefore postulated that the cause for the

discrepancy between stool frequency and faecal weight is radiation-induced anorectal

injury (Chapters 4 and 5). In support of this concept, two studies of the chronic effects

of pelvic irradiation on anorectal function reported a reduction in rectal volumes and

compliance associated with reduced basal anal (predominantly due to internal anal

sphincter contraction) but normal squeeze pressures (predominantly due to external anal

sphincter contraction (Varma et al 1985; Varma et al 1986). However, in these studies,

only patients with symptoms were evaluated and the prevalence of disordered anorectal

function after pelvic irradiation has not been determined. Furtheffnore, measurement of

anorectal pressures in these studies was performed using single channel recordings, and

it is now recognised that optimal investigation of anal sphincteric function requires

multiple closely spaced recording sites and simultaneous recordings of the electrical
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activities of the external and internal anal sphincters (Read & Sun 1989). Although it is

now possible to quantify the dimensions of the anal sphincærs by ultrasonography (Sun

et al1992b), the effects of pelvic irradiation on anal sphincteric morphology have not

been evaluated.

We have now assessed various aspects of anorectal function, using multiport anorectal

manometry with concurrent electromyography and ultrasonography of the anal

sphincters, in a randomly selected cohort of patients treated with pelvic irradiation 5- 10

years previously for curable gynaecological malignant diseases.

8.2 METHODS

Subjects

The study group was derived from the remaining 25 of an initial cohort of 30 female

patients with carcinoma of the cervix and three patients treated for endometrial

carcinoma who participated in two previous studies of the effects of pelvic irradiation

on gastrointestinal function (Chapters 4 and 5). Of the total of 33 patients who had

completed pelvic or pelvic and abdominal irradiation between five and ten years

previously, six patients had died and two had been lost to follow-up since completing

the previous studies. All of the twenty-five remaining patients had no evidence of

recurrent malignant disease and were inviæd to participate in the current study. Ten of

these refused and at least two of these had chronic radiation proctitis, as evidenced by

intermittent episodes of rectal bleeding. None of the 15 patients who participated,

median age 67 yr (47-84), median body weight 62kg (45-82) and median body mass

index (BMI) 24.4 (18.3-29.1) had a history and clinical signs suggesting spinal injury

or generalised neuropathy nor a constant requirement for medication (such as anti-

cholinergics, tricyclic anti-depressants or prokinetic agents) which could influence

gastrointestinal motility. Characteristics of the patient group and details of radiation

treatment are shown in Table 8.1. Patients had either radiation treatment alone (10

patients) or radiation treatment following gynaecological surgery (five patients). The



Table 8.1 - Characteristics of the Patient Grou
Radiation

Beam
Energy

&
Modalitv

IO MV
PHOTONS

10 MV
PHOTONS

4MV
PHOTONS

10 MV
PHOTONS

IO MV
PHOTONS

IO MV
PHOTONS

Technique*
Radiation

AP-PA and

LATS

AP-PA and

LATS

AP-PA (Abdomen)
AP-PA and

LATS (Pelvis)

AP-PA ONLY

AP-PA and

LATS

AP-PA and

LATS

Radiation
Field
Size

(cm x cm)

18.5 x 16.0

12.0 x 16.0

17.0 x 16.5

13.0 x 16.5

28.0 x 39.5
16.0 x 16.0

13.0 x 16 0

15.5 x 16.5

15.0 x 17.5

12.5 x 17.5

15.5 x 16.5

13.0 x 16.5

Radiation Dose*
Gy/ltlo of fractions/d

44 C'yl2zFl32 Days
(25 Gy to
Point'A/46 hr)
45 Gyl25Fl38 Days
(25 Gy to
Point'A/40 hr)
22.50 Gyl2}Fl25Days
22.50 Gy/lOF/l ld
(25 Gy to Vaginal
Vault/55 hr)
50 GylZSFla8 Days
(20 Gy to
Point'A'/43 hr)
a6 GylZ5Fl37 Days
(26 Cty to
Point'A'/50 hr)
50 CrylzsF136 Days
(20 Gy to Vaginal
Vault/47 hr)

Treat-
ment

+

R

R

S+R

R

R

S+R

Diagnosis

Carcinoma
of Cervix

Carcinoma
of Cervix

Endometrial
and Ovarian
Carcinoma

Carcinoma
of Cervix

Carcinoma
of Cervix

Endometrial
Carcinoma

Body
Mass
Index

24.2

25.6

24.0

18.3

25.7

29.1

Body
Weight

(kg)

74

76

59

45

70

82

Age
(v) at

follow-
up

63

76

57

67

70

t6

Age
(y) at
treat-
ment

55

69

49

59

6l

68

Patient
No

I

2

J

4

5

6

r81



Table 8.1 - Continued

Radiation
Beam

Energy &
Modality

4MV
PHOTONS

IO MV
PHOTONS

4MV
PHOTONS

IO MV
PHOTONS
IO MV
PHOTONS

4MV
PHOTONS

Radiation
Technique

AP-PA
and LATS
AP-PA
and LATS
AP-PA and

LATS

AP-PA and
LATS

AP-PA and

LATS
AP-PA ONLY

AP-PA and

LATS

Radiation
Field Size
(cm x cm)

16.0 x 18.0

I 1.5 x 18.0

6.0 x 10.0

10.0 x l0 0

18.5 x t6.5
10.5 x 16.5

17.0x17.5
12.5 x 17.5

16.0 x 19.0

16.0 x 19.0

18.0 x 20.0

16.0 x 15.5

10.0 x 15.5

Radiation Dose*
Gy/I.[o of fractions/d

44 Gyl22Fl33 Days
20 Gyll0Fll4 Days

45 Gyl25Fl38 Days
(15 Gy to Vaginal
Vault/29 hr)
44 GylzzFl30 Days
(25 Gy to
Point'A'/40 hr)
50 Gyl25Fl36 Days

50 Gyl25F136 Days
(25 Gy to
Point'A'/45 hr)
45 Gyl25Fl39 Days
(15 Gy to Vaginal
Vault/28 hrs)

Treat-
ment

+

R

S+R

R

S+R

R

S+R

Diagnosis

Carcinoma
of Cervix

Carcinoma
of Cervix

Carcinoma
of Cervix

Carcinoma
of Cervix
Carcinoma
of Cervix

Carcinoma
of Cervix

Body
Mass
Index

25.2

25.4

28.0

26.t

')) \

24.4

Body
Weight

(kg)

62

6 I

78

80

61

55

Age
(v) at

follow-
ur)
84

47

47

53

49

7t

Age
(v) at
treat-
ment

75

38

40

45

40

64

Patient
No

7

8

9

I 0

I I

t2
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Table 8.1 - Continued

* For each patient, external beam therapy rvas given first, the radiation dose increment having been 1.80-2.00 Gy prescribed as a minimum tumor dose deliyered 5x/rveek.
Intracavitary radiation then folloued and radiation doses (in parentheses) rvere prescribed to Manchester Point 'A' unless othenvise stated in ç,hich cases doses rvere
prescribed to the outer surface of vaginal mould and delivered by a Selectron lorv dose rate automated after loading unit.

+ Except for patients 4, I I and 14, external beam irradiation to the pelvis rvas delivered using a four field isocentric technique, anterior-posterior, posterior-anterior
(AP-PA) and lateral fields (LATS). The los'er border of the AP-PA field extended belorv the lorver border of the obturator foramen in all cases. No shielding blocks
rvere used in the lateral fields.

+ R = Radiotherapy alone. S+R: Surgery plus radiotherapy.

Radiation
Beam

Energy &
Modality

IO MV
PHOTONS

1O MV
PHOTONS

IO MV
PHOTONS

Radiation
Technique

AP-PA and

LATS

AP-PA ONLY

AP-PA and

LATS
AP-PA and

LATS

Radiation
Field Size
(cm x cm)

17.5 x 15.5

12.0 x 15.5

15.0 x 17.0

17.5 x 18.0

I 1.0 x 18.0

13.0 x 12.0

10.5 x 12.0

Radiation Dose*
GyÆ.[o of fractions/d

45 Gyl25Fl39 Days
(25 Gy to
Point'A/54 hr)
50 GylZ5F156 Days
(20 Gy to
Point'A'/50 hr
44 Gyl22F/31 Days
(21 Gy/l0F/13 Days)

Treat-
ment

+

R

R

R

Diagnosis

Carcinoma
of Cervix

Carcinoma
of Cervix

Carcinoma
of Cervix

Body
Mass
Index

22.7

19.9

19.9

Body
Weight

(t g)

62

5 I

54

Age
(v) at

follow-
UD

7 I

69

62

Age
(v) at
treat-
ment

62

60

54

Pntient
No

I J

I 4

I 5

r83
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operations performed were either total abdominal hysterectomy and bilateral salpingo-

oophorectomy (four patients; patients 3, 6, 10 and L2) or total abdominal hysterectomy

alone (one patient; patient 8). None of the patients who had hysterectomy had pelvic

node dissection. Patients 10 and 12 had adenocarcinoma of the endocervical canal, not

distinguishable from endometrial carcinoma preoperatively and patient 8 had abdominal

hysterectomy for severe recurrent cervical dysplasia, but was found to have invasive

squamous cell carcinoma. The median interval since completion of pelvic i¡radiation in

the patients studied was eight years (range 7-9 years) Clabte 8.1).

Nine healthy female volunteers, median age 63 yr (41-70), median body weight 70 kg

(60-88) and median body mass index (BMI) 25.7 (20-33) who had no significant

gastrointestinal symptoms and were not on medication that could influence

gastrointestinal motility were also studied. There were no differences in age, body

weight and BMI between the patients and the control subjects. Obstetric history

(number of babies, and number of patients who had large babies (>4 kg) and forceps

deliveries) also did not differ between the two groups (Table 8.2).

Protocol

Each of the patients and normal volunteers underwent measurements of the following

aspects of anorectal function:- (a) symptoms, (b) anorectal manometry with concurrent

electromyography of the anal sphincters and (c) anal ultrasound. The study protocol

was approved by the Human Ethics Committee of the Royal Adelaide Hospital.



Table 8.2: Anorectal symptoms including bowel habits and obstetric parameters in patients and normal subjects

No who
had forceps
delivery

3lts

219

No with
large babies

4lt5

219

No

babies

of
+

3(o-12)

3(o-4)

No of
bowel

actions/wk+

l3(3-28)

7(7-t4)

Symptom
+

score

3*(o-8)

0(0)

Urgency of
defaecation

l0/l 5**

U9

Faecal incontinence

Both

vt5

019

Nocturnal

r/1s

019

Diurnal

3115

019

Parameters

Subjects

Patients

Normals

* 
M.diun (Range)

* p < 0.001 ** p ( 0.01 compared to normals
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Measurements

Anorectal symptoms including bowel habit

The following symptoms were assessed by questionnaire on entry into the study:-

faecal incontinence (diurnal and nocturnal), urgency of defaecation and bowel

frequency (number of bowel actions/week). The frequency of faecal incontinence

(diurnal and nocturnal) and urgency of defaecation was scored as follows: 0 = < 1

episode/week, 1=< 3 episodes/week,2=) 3 episodes/week, 3 =) 1 episode/day.

The severity of urgency of defaecation was scored as: 0 = symptom absent, I = mild;

symptom could be ignored if patient did not think about it,2 = moderate; symptom

could not be ignored, but did not influence daily activities, 3 = severe, symptom

influenced daily activities (Horowitz et aI1985b). The severity of faecal incontinence,

both diurnal and nocturnal was scored as: 0 = absence of faecal incontinence, 1 =

predominantly incontinent of flatus, 2 = incontinence necessitating the wearing of a

pad, 3 = incontinence necessitating a change of pad more than once a day (Pescatori et

al L992). The total score of anorectal symptoms (maximum 18) was calculated.

Each subject was encouraged to empty the rectum before the test if they felt the need to

do so and a rectal examination was performed to confirm that the rectum was empty.

Measurements were performed with the subject in the left lateral position with the hips

flexed to a 90 degree angle. A manometric probe with an extemal diameter of 4 mm and

consisting of a S-lumen silicone tube with a sleeve sensor was inserted into the rectum

(Orkin et al 1991). When correctly positioned, manometric side-holes were situated in

the anal canal, approximately 0.5 cm from the anal verge, and in the rectum at 4 cm and

8 cm. The sleeve sensor was placed in the anal canal. The side holes were perfused

with water at a rafe of 0.6 ml/min by a low compliance pressurised perfusion system

(Royal Adelaide Hospital, Biomedical Engineering Department), and pressures were

measured by pressure transducers (Transpac, Abbott LaboratoriesÆIospital Products

Division, North Chicago,Illinois 60064) that were situated in each perfusion line and
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connected via amplifiers to a multichannel cha¡t recorder (Grass Instrument Co.,

Quincy, Massachusetts USA). A latex balloon was tied to the probe 10 cm from the

anal verge. The pressure within the balloon was measured by a water-filled, non

perfused transducer.

The electrical activity of the sphincters was recorded using bipolar electrodes consisting

of two wire columns situated at the back of the sleeve (Orkin et al 1991). The signals

were then fîltered using 0.3-3 Hz and 10-40 kHz frequencies respectively, in order to

differentiate internal anal sphincter (IAS) and external anal sphincter (EAS) electrical

activity (Sun et al 1990c). The activity of the IAS was represented on the raw

electromyography record as a regular oscillation at a frequency of between l0 and24

oscillations per minute which increased in amplitude as the activity of the muscle

increased and vice versa. The integrated activity of the EAS was represented as an

elevation above the base line (Sun et al 1990b).

Anorectal pressures were recorded under resting conditions for at least 20 minutes to

ensure that steady state pressures were measured. The subject was then instructed to

contract her anal sphincter maximally for a period of 20 seconds on three separate

occasions, a minute apart. Following this, the rectal balloon was inflated serially with

70,20, 40, 60 and 100 ml of air (the subject \¡/as not aware of the nature or grade of the

stimulus). Each inflation was maintained for one minute and, after deflation, at least

one minute,was allowed before the next inflation. During each inflation the subject was

asked to report subjective sensations and to indicate the duration of the sensation on a

chart using an event marker. The minimum volume at which the balloon was perceived

and when a sensation of gas in the rectum (wind), a desire to defaecate and pain were

experienced, were recorded. The pre inflation, post inflation and residual pressures in

each channel at these times were noted (Sun et al 1992a) The slope of the rectal

pressure/volume relationship from 0 to 100 mL was determined (Sun et at 1990b).

After a further rest period of 10 minutes the subject was instructed to increase intra-
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abdominal pressure by blowing up a party balloon on three occasions separated by at

least one minute.

Anal Ultrasound

With the subject in the supine position, a7 -5 NÍIlz rotating ultrasonographic scanner of

outer diameter 1 cm (Bruel and Kjaer, Naerum, Denmark) was inserted just inside the

anal margin. The subject was asked to relax as much as possible. The IAS showed as

a distinct, hypoechoic circular ring in relation to mucosa, submucosa and longitudinal

muscle (Sun et al1992b). Cross-sectional images were obtained at several sites in the

anal canal and both the IAS and EAS were measured at their maximum thickness. The

mean thickness of the IAS and EAS at respective sites were calculated from

measurements made at eight equidistant points around the anal canal (Sun et al1992b).

Statistical Anall¡sis

The Mann Whitney U test was used to compare symptom score, sensory data,

thickness of the IAS and EAS between the patients and heatthy subjects. Anal sphincter

basal and squeeze pressures, pressures in response to rectal distension and increases in

intra-abdominal pressure were analysed by using Student's unpaired t test, as these

data were normally distributed. Differences in rectal sensory perception between the

two groups was analysed using the log rank test since the subject was not tesæd again

once the rectal volume at which the desire to defaecate was reached. Analysis of

variance (ANOVA) was used to evaluate the pressure/volume relationships. Linear

regression analysis was used for anorectal symptom score, bowel habit, basal pressures

and those generated in response to voluntary squeeze and rectal distension, as well as

the pressure/volume ratios with serial rectal balloon distension. A p value < 0.05 was

considered significant in all analyses.
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8.3 RESULTS

Anorectal symptoms including bowel hahit

Total symptom score was greater (p = < 0.001) in the patients, (Table 8.2). Urgency

of defaecation was the most frequent symptom, occurring in the ten out of the 15

patients (61Vo). Four of these patients also had faecal incontinence (27Vo overall

prevalance).

In eight of the 10 patients with faecal urgency, this symptom resulted in changes in life-

style, such that these patients were either housebound or could only go out if there was

a toilet nearby.

Although there was no significant difference in the frequency of defaecation between

patients and normal subjects (Table 8.2), in four patients the number of bowel

actions/week was greater than the control range. Three of these four patients also

suffered urgency of defaecation.

In the patients, total anorectal symptom score was directly related to the number of

bowel actions/week (r - 0.602, p < 0.05), (Figure 8.1).

Anorectal Manometry

Basal minimum pressures at 4 cm from the anal verge were lower in the patients than

the controls (p = 0.05) and there was a trend for lower basal maximum pressures at the

same site (p = 0.07). Although resting anorectal pressures at other sites were not

significantly different between the two groups, basal minimum and/or basal maximum

prsssures at the anal ports was below the control range in five of the 15 patients, all of

whom had anorectal symptoms. Squeeze pressures measured at the sleeve sensor and

at 4 cm from the anal verge were lower in the patients (p < 0.05) (Table 8.3) and were

below the control range in five patients.
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r=0.602 p<0.05

o

?s

15

10

5

0

o

o

o
20

Bowel
Actionslweek o

-1 0 1

o

oo

2345
Symptom Score

6789

o

Figure 8.1 Relationship between anorectal symptom score
and frequency of bowel actíons.



P VALUE
0.78

0.65

0. l3
0.58

0.07

0.93

0.75

0.05

0.08

0.01

0.03

0.75

0.35

0.7

0.2t

0.75

+ 04
+ 0.2

+ 5.5

+ 6.2

1.9t

+ 5.0
+ 5.9
+ 1.0

+ 100
+ 7.2

1.8+

0.8+

+ .08

+ 7.8
))+

+ 0.5

PATMNTS
9

2.3

45.1

53.3

I2.I

33. I
4r.5

II

70

68. I
16.3

6.2

49.4

65.6

305

3.4

+ 0.5
+ 0.2

+ 12.5

+ 6.3

5.8+

+ 8.2
+ 5.6
+ 3.3

+ 21.6
+ 70.2

4.6t
1.8+

+ 11.6

+ 7.5

3.7t
1.0+

NORMAL
8.8

2.8

64

58.7

22

32.2

443
14.1

108.2

103

26.4

6.7

61.8

10.r
3 5.8

38

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

CHANGE EMG
ACTIVITY %

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

CHANGE EMG
ACTIVITY %

EAS (mm)

IAS (mm)

B MAX
(mm Hs)

B MIN
(mm He)

VOLUNTARY
SQUEEZE
(mm He)

BLOWING
UP A PARTY
BALLOON

Table 8.3: Maximum thickness of IAS and EAS and anorectal pressures (basal, in response to
ueeze and blowi u a balloon **

* Manometric port distances from anal verge
** Data are mean values + SEM
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In the patients, residual anorectal pressures measured at 0.5 cm from the anal verge in

response to rectal distension were less (p < 0.05) at volumes 10,20 and 40 mls (Table

8.4). There was also a trend for lower pressures in the patients at the highest (100 ml)

volume (P = 0.09).

A significantly higher proportion of patients (p < 0.05) perceived the desire to defaecate

at lower rectal volumes than the controls (Figure 8.2). The slope of the

pressure/volume relationship associated with rectal distension volumes of 20,40,60,

100 ml and the overall slope was greater in the patients (p < 0.05, < 0.01, < 0.001, <

0.001 and < 0.05 respectively) than the controls suggesting that rectal wall compliance

was reduced in the patients (Figure 8.3).

Anorectal pressures in response to an increase in intra-abdominal pressure resulting

from blowing a party balloon did not differ between the two groups, but were below

the normal range in six of the 15 patients.

There were no differences in external anal sphincteric electrical activity between the

patients and normal subjects in response to voluntary squeeze and blowing up a party

balloon (Tabte 8.3).

Either basal pressures, pressures generated in response to rectal distension, voluntary

squeeze and blowing up a party balloon were lower than the control range in fourteen of

the 15 patients including all ten patients with anorectal symptoms.

There was a non-significant trend for total urgency of defaecation score to be inversely

related to pressure-volume ratios associated with 20 and 40 ml rectal distension (r =

-0.21 and -0.33 respectively, p > 0.10 for both).



Table 8.4: Residual anorectal pressures in response to rectal distension (RD), with 10,20140,601100 ml**

P VALUE

0.05

0.2

0.77

0.02

0.31

0.44

0.04

0.99
0.3

0.33

0.98

0.t2

0.09
0.59
0.49

+ 4.1

+ 4.3
+ 0.6

+ 3.0
+ 3.4
+ 0.7

+ 3.2
+ 3.7
+ 0.8

+ 7.6
+ 4.0
+ 1.3

+ 6.3

+ 5.7
+ 6.6

PATIENTS

27.7

30.8

8.1

24.6

26.7
9 I

23.1

30.3

t0.2

29.9

30.9

12.8

20.t
35.5

I 9

+ 10.8

+ 7.9
+ 1.5

+ 5.9
+ 1.5
+ 1.9

+ 4.8
+ 4.7
+ 1.7

+ t2.0
+ 6.0
+ 2.5

+ ll.8
+ 6.9
+ 2.5

NORMAL

47.3

4r.6
8.6

40.2

34.2

10.4

35.6

30.2

I2

43.5

3 1.1

I 7

43.8

30.5

t3.7

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

ANAL 0.5 CM*
SLEEVE
ANORECTAL 4 CM*

ANAL 0.5 CMI
SLEEVE
ANORECTAL 4 CM*

RD 10

RD 20

RD 40

RD 60

RD IOO

* Manometric port distances from anal verge
** Data are mean values + SEM
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* p<0.05
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* p <0.05

** p <0.01
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Figure 8.2 Rectal volumes at which patients and normal subjects felt
desire to defaecate

0
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#
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*
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Rectal Distension Volume (ml)

Figure 8.3 Pressure/volume relationship in patients and normal subjects
associated with rectal distension. The overall slope of the pressure/volume
graphs is greater for the patients compared with controls (p<0.05).
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Anorectal ultrasound

Although IAS thickness was less than the control range in 4 of the 15 patients including

three of the patients with anorectal symptoms there were no significant difference in

mean IAS thickness between the two groups. There was no difference in thicknesses

of the EAS and IAS in patients with and without urgency of defaecation.

8.4 DISCUSSION

Although retrospective surgical series have suggested that there is a high prevalence of

rectal injury following pelvic radiation therapy (DeCosse et al L969; Wellwood &

Jackson 1973),the prevalence of anorectal dysfunction has hitherto not been evaluated.

Whilst acknowledging the limitations inherent in a retrospective study, and in particular

a potential selection bias, (10 patients refused to be studied and at least two of these had

radiation proctitis), 10 out of the 15 (67Vo) patients studied suffered urgency of

defaecation and this was associated with faecal incontinence in four of them (27Vo). In

8 of the 10 patients, these symptoms were of sufficient severity to result in changes in

lit'estyle. Our observations indicate that disordered anorectal function occurs frequently

- at least one anorectal manometric parameter was outside the control range in 14 of the

15 patients, and that these abnormalities are heterogenous. In particular, anorectal

symptoms were associated with increased rectal sensory perception, decreased basal

anorectal pressures, decreased external anal sphincteric pressures and increased

stiffness of the rectal wall.

Maintenance of faecal continence is dependent upon the combination of normal rectal

sensaúon and anorectal motor function, ordered colonic motility and appropriate faecal

consistency. Under resting conditions and during slow rectal distension, continence is

maintained largely by the tonic contraction of the IAS with some contribution from tonic

contraction of the EAS (Haynes & Read 1982; Sun et al 1990b). During rapid rectal

distension or rectal contraction, and increases in intra-abdominal pressure during

straining, continenco is maintained by reflex contraction of the EAS which is closely
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linked to rectal sensation (Sun & Read 1989b; Sun et al 1990c). Faecal incontinence

may thus result from increased colorectal motility, reduced strength of the IAS or EAS,

decreased rectal compliance, impaired rectal sensation, or a combination of these factors

(Sun et al 1989a; Sun et al 1989b; Sun & Read 1990; Sun et al 1990c; Sun et al 1990d;

MacDonnagh et al 1992; Sun et al1992a).

Previous studies have given limited insights into the pathophysiology of anorectal

dysfunction following pelvic irradiation (Varma et al 1985; Varma et al 1986).

Although reported reductions in rectal volumes and compliance may account for

urgency of defaecation, the techniques used in these studies were suboptimal and only

patients with symptoms were evaluated (Varma et al 1985; Varma et al 1986).

Furthermore, the critical issues of whether faecal continence can be maintained in

response to rectal distension, rectal contraction or increases in intra-abdominal pressure

were not addressed.

This is the first study to document the effects of pelvic irradiation on anorectal function

using multiport anorectal manometry and concurrent electromyography of the anal

sphincters. Anorectal pressures at both the rectum and anal canal are recorded

concurrently which facilitates the interpretation of manometric profiles, particularly as

the anorectal catheter used in the study incorporates a sleeve sensor which is tolerant of

axial movement (Orkin et al 1991). By monitoring pressures throughout the anal canal

the sleeve sensor reduces the need for closely spaced ports within the canal and

minimizes the effects of axial movement on measurements. The incorporation of

bipolar electrodes into the sleeve allows concurrent recording of the electrical activities

of the anal sphincters. Like Va¡ma et al (1985), we found that rectal sensory thresholds

were reduced in the patients and even though we did not formally measured ¡ectal

compliance, the observed increase in the slope of the pressure/volume relationships in

the patients is consistent with reduced rectal compliance (Varma et al 1985). In contrast

to Varma et aI (1986), maximum basal anal pressures in our patients did not differ
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significantly from the controls but minimum basal pressures were slightly less,

compatible with reduced internal sphincter function. The novel observation of a

substantial reduction in "squeeze" pressures implies weakness of the external anal

sphincter. This concept is supported by the observation of lower residual anal

pressures during rectal distension in the patients. The absence of a significant

difference at higher volumes, can be attributed to the failure of many patients to tolerate

higher rectal volumes, so that a reduced number of pressure measurements at these

volumes were obtained (three patients were unable to tolerate 60 ml rectal distension

and a further three could not tolerate 100 ml rectal distension). Varma et al (1986)

attributed the lower basal anal but normal voluntary squeeze pressures observed in their

patients to dysfunction of the IAS, but their observations were based on single channel

recordings obtained using the pull-through technique without concurrsnt

electromyography of the anal sphincters. It is now recognised that without multiport

anorectal manometry and concurrent electromyography of the anal sphincters, the

reciprocal relationship between the activities of the IAS and EAS cannot be appreciated

particularly in response to threats to faecal incontinence (Read & Sun 1989). Our data

suggest that dysfunction of the EAS rather than the IAS may be primarily responsible

for faecal incontinence in our patients. The absence of a significant correlation between

faecal incontinence and the residual pressure in response to distension is likely

attributable to the relatively small number of patients with faecal incontinence.

Although our patients were all female, the observed differences in function of the EAS

are most unlikely to be related to birth trauma, particularly as there was no difference in

obstetric history between the patients and the control subjects. The anatomical substrate

underlying the EAS damage is likely to be myogenic, since there were no differences in

EMG activity in the patients compared with normal subjects. Although generally

regarded as relatively radioresistant, damage to striated and smooth muscle has been

documented in other parts of the gastrointestinal tract following irradiation (Rubin &

Casarett 1968b; Seaman & Ackerman 1957). It should be recognised that a neurogenic
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component to the dysfunction of the EAS cannot be excluded since neurophysiological

studies, such as measurement of pudendal nerve conduction were not performed (Kiff

& Swash 1984). However, severe pudendal nerye damage appears unlikely as there

was no difference in morphology of the anal sphincters, as assessed by anal

ultrasonography between the patients and normal subjects. It is also unlikely that

hysterectomy with or without salpingo-oophorectomy (in five of the 15 patients) coutd

have been responsible for the observed abnormalities of anorectal function since our

patients had faecal urgency and incontinence rather than constipation which may be a

complication of hysterectomy (Smith et al 1990; Prior er al l99Z).

Our observations have implications for the treatment of persistent anorectal symptoms

following pelvic inadiation. The demonstrated reduction in rectal compliance supporrs

a role for low residue diets. Urgency of defaecation may also potentially respond to the

calcium channel blocker, nicardapine, which when given orally has been shown to

increase the rectal threshold for desire to defaecate in patients with irritable bowel

syndrome (Sun et al 1990a). The weakness of the EAS may potentially respond to

loperamide which has been reported to increase maximum squeeze as well as basal anal

sphincter pressures in patients with incontinence of diverse aetiologies (Read et al

1982). We have reported previously that these patients have more rapid intestinal

transit (Chapters 4 and 5) which is likely to contribute to faecal urgency and

incontinence. Loperamide has been shown to slow intestinal transit in patients with

diarrhoea associated with chronic radiation enteritis (Chapter 7).
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CHAPTER 9

Summary and conclusions

Introduction

In this final chapter, the major insights into the effects of mediastinal, abdominal and

pelvic irradiation on gastrointestinal function gained as a result of the studies described

in this thesis are initially summarised, followed by a discussion of the implications of

these observations.

9.1 AIM OF STUDIES

The broad hypothesis addressed in this thesis is that alterations in gastrointestinal motor

function are important in the aetiology of some of the sequelae of mediastinal,

abdominal and pelvic irradiation particularly symptoms such as dysphagia, nausea,

diarrhoea and faecal incontinence. The aims of the six studies were in three inter-related

areas viz., to determine (i) the acute and subacute effects of therapeutic inadiation on

oesophageal, gastric and intestinal function, (ii) the chronic effects of therapeutic

irradiation on gastric, intestinal, and anorectal function and (üi) the effects of a poæntial

treatment of diarrhoea due to chronic radiation enteritis, loperamide-N-oxide on

gastrointestinal function.

While this represents the most comprehensive evaluation of the effects of therapeutic

irradiation on gastrointestinal functions performed to date, the design of the studies was

in most cases less than optimal. In particular, ethical considerations and patient

acceptabilty inherent in research on human subjects limited the range of measurement

techniques. With the exception of the studies on oesophageal and anorectal function,

evaluations of various aspects of gastrointestinal function employed non-invasive

techniques. While the latter is likely to have been pivotal to the high patient compliance

with the experimental protocols, particularly the longitudinal study of the effects of
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abdominal and pelvic irradiation on gastrointestinal function, a number of issues could

not be addressed. For example, the motor correlates of the faster small intestinal t¡ansit

observed both during and after abdominal and pelvic irradiation remains to be

characterised because small intestinal manometry was not performed. Conversely, in

studies in which more invasive techniques such as manometry were used as in the

evaluation of the effects of mediastinal irradiation on oesophageal funcúon, recruitment

of subjects was more difficult and a smaller number of subjects was studied, increasing

the risk of a type II statistical error (see Chapter 3, Section 3.4 Discussion). It should

be recognised that the potential for selection bias is inherently greater in retrospective

studies than those which are conducted prospectively, although this probelm was

minimised in all four retrospective studies, by the selection of patients on a random

basis using pre-determined inclusion and exclusion criteria and by the fact that most

subjects agreed to participate.

9.2 SUVTIT¿RRY OF RESULTS

Although gastrointestinal symptoms are an inevitable consequence of therapeutic

mediastinal, abdominal and pelvic irradiation, the relationship between symptoms and

both motor function and luminal transit appears to vary throughout the gastrointestinal

tract.

In the study on the effects of mediastinal irradiation on oesophageal function (Chapter

3), the severity of symptoms such as dysphagia and odynophagia did not correlate with

mucosal changes which in most cases were mild. Since concurrent radionuclide

scintigraphy and oesophageal manometry did not demonstrate altered transit or motility

it is probable that oesophageal symptoms during mediastinal irradiation reflect altered

mucosal sensitivity. However, the possibility that changes in oesophageal motor

function contribute to symptoms has not been excluded. Our patients were relatively old

and, probably because of this, there was a higher prevalence of oesophageal motor

abnormalities before the initiation of mediastinal irradiation. It is possible that if patients
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had been younger, abnormalities in oesophageal motor function may have been

evident, especially as it is clear that oesophageal dysmotility may occur as a result of

mediastinal inadiation (Seeman et al 1992) -

During the course of abdominal irradiation there was no change in gastric emptying of

a nutrient liquid, although a number of patients experienced symptoms such as nausea

and abdominal pain. Similiarly, in patients several years after completing abdominal

irradiation while there was a modest acceleration of gastric emptying of liquids, there

w¿ìs no significant relationship between gastric emptying and gastrointestinal symptoms

(Chapter 6, Section 6.3 Results). These observations are not surprising since there is in

general a poor correlation between rates of gastric emptying and upper gastrointestinal

symptoms (Horowitz & Fraser 1994). While it is possible that abnormalities in gastric

emptying may have been apparent with the use of other test meals (e.g. solid, high fat)

it is likely that upper abdominal symptoms, both during and after radiation therapy, are

not due to disordered gastric emptying itself. This is not to exclude a role for disordered

motility in the aetiology of symptoms - both gastric motility and myoelectrical activity

may be abnormal when the rate of gastric emptying is within the normal range (Koch et

al 1989; Horowitz & Dent 1991). It is also possible that abnormal sensory feedback

from the stomach and small intestine contributes to symptoms (Horowitz &.Dent799I;

Coffin et al 1994; Edelbroeck et al 1994).

Diarrhoea during abdominal and pelvic irradiation is associated with widespread

abnormalities in gastrointestinal function. Although these improve with time, bowel

frequency was still increased at two years after the completion of abdominal i¡radiation

and this was associated with persistently decreased bile acid absorption and faster small

intestinal transit (Chapter 5, Table 5.3). The observations that both during and after

abdominal and pelvic irradiation, vitamin Bl2 and bile acid absorption were inversely

related to bowel frequency and directly related to whole gut transit suggests a causal

relationship between the frequency of bowel actions, inæstinal absorptive capacity and
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gastrointestinal transit.

Anorectal symptoms following pelvic irradiation are associated with increased mucosai

sensitivity, increased rectal wall stiffness and external anal sphincteric dysfunction.

Disordered anorectal motility occurs frequently - even though there were no statistically

significant relationships between anorectal motilty and symptoms, one or more

measurements of anorectal function was abnormal in fourteen of fifteen patients,

including all ten with symptoms. The apparently mild anorectal dysfunction sustained

by patients following pelvic irradiation may well be easily overwhelmed by threats to

faecal continence, particularly in view of the more rapid inæstinal transit demonstrated

in these patients.

9.3 PREVALENCE OF GASTROINTESTINAL DYSFIINCTIONS AND IMPLICATIONS

FOR TI{ERAPY

The observed differential effects of therapeutic radiation on transit, motility and

symptoms in different parts of the gastrointestinal tract have important implications for

therapy.

9. 3. 1 Acute effects of radiation

As discussed, during mediastinal and abdominal irradiation, it is likely that increased

mucosal sensitivity contributes to upper gastrointestinal symptoms and this issue

should be addressed in future studies. Should this hypothesis prove to be correct,

therapy should ideally be targeted at the mechanism(s) responsible for disordered

sensory feedback. Modulation of sensory input can be directed either peripherally at the

level of the enteric nervous system, or centrally, at spinal or supraspinal levels. An

example of modulation of the peripheral sensory input is the use of ondansetron in the

treatment of vomiting resulting from abdominal irradiation. As discussed in Chapter 1,

Section 1.6.1 Acute effects (Animal studies), the 5 HT-3 antagonist, ondansetron

reduces vagal afferent fibre discharge in ferrets (Andrews & Davidson, 1990). Such
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targeted therapy for dysphagia is not yet available, but the clinical observation that local

anaesthetic gels such as viscous lignocaine are frequently effective, suggests that more

specihc measures to reduce abnormal sensory feedback are likely to be successful in

this area.

The observed relationships among diarrhoea, nutrient malabsorption and intestinal

transit during abdominal and pelvic inadiation suggest that slowing intestinal transit

may not only control diarrhoea but also improve nutrient absorption. This is likely to be

responsible for the clinical observation that anti-diarrhoeal agents which slow intestinal

transit, such as opiate agonists and diphenoxylate, are frequently successful in

improving patient tolerance to abdominal and pelvic irradiation by reducing stool

frequency, improving stool consistency and preventing significant weight loss

(Chapaux et al 1978; Stryker et al 1979).

As discussed in Chapter 1, Section 1.8.2 Chronic effects (Treatment), opiate agonists

such as loperamide may also benefit symptoms attributable to anorectal dysfunction,

such as urgency of defaecation and faecal incontinence, during pelvic irradiation.

Loperamide has been reported to be effective in patients with faecal incontinence of

diverse aetiologies by directly influencing anal sphincteric function (Read et al 1982).

However, it should be recognised that by changing stools to a harder consistency,

opiate agonists may theoretically increase the risk of rectal bleeding during pelvic

irradiation.

9.3.2 Chronic effects of radiation

It has been suggested previously that disordered gastrointestinal motility may contribute

to symptoms after therapeutic irradiation (Layer et al 1986; Seeman et al 1992). The

demonstration of faster gastric emptying after abdominal irradiation does not however,

imply a causal relationship, particularly as it did not correlate with symptoms and the

magnitude of the mean difference was relatively small. Therapy directed towards
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slowing gastric emptying is therefore not likely to improve symptoms. Rational therapy

for chronic upper abdominal symptoms following therapeutic irradiation must await

further studies to dehne their pathogenesis. If abnormal sensory feedback is conf,rrmed

as an important factor, pharmacological manipulation of sensory conduction, either

peripherally or centrally is possible.

Both the longitudinal and retrospective studies of the effects of abdominal and pelvic

irradiation on gastrointestinal function demonstrate that disordered intestinal function is

a common long term effect of therapeutic irradiation. As discussed in Chapter 5,

Section 5.4 Discussion, following abdominal and pelvic irradiation, stool frequency

remained persistently increased in the majority of patients up to two years after

completion of radiation therapy and this was associated with reduced bile acid

absorption and faster small intestinal transit. It is logical to suggest that slowing of

intestinal transit may improve diarrhoea and nutrient absorption. The observed effects

of the loperamide precursor, loperamide-N-oxide on gastrointestinal function and

symptoms in chronic radiation enteritis are consistent with this concept. However, it

should be recognised that the possibilty that loperamide has an anti-secretory effect was

not evaluated in this study.

The author's study establishes that anorectal dysfunction is also a common long term

sequela of pelvic irradiation. As discussed in Chapter 8, Section 8.3 Results (Anorectal

manometry), both sensory and motility changes contribute to symptomatology. The

mechanism(s) underlying the sensory and motor changes require clarification before

targeted therapy is possible.

9.4 POTENTIAL MECHANISMS UNDERLYING GASTROINTESTINAL SYN4PTOMS

Current understanding of the aetiology of gastrointestinal symptoms is limited. In

general terms, symptoms may result from abnormal motor activity or abnormal sensory

funcúon (or a combination of the two).
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9 .4.1 Disordered gastrointestinal motility

In the last two decades, the concept has emerged that disordered gastrointestinal

motility is responsible in many cases for common gastrointestinal symptoms such as

dysphagia, nausea, abdominal pain, diarrhoea and faecal incontinence, particularly

when the latter occur in the absence of demonstrable structural abnormalities.

Gast¡ointestinal smooth muscle contractions are controlled by a number of mechanisms

which include pacemakers that are physically very close but probably distinct from

smooth muscle, by the enteric neryous system (the so-called "gut brain") and the central

nervous system. These control mechanisms work in concert to produce motor patterns

that are tailored to the regional needs of the gastrointestinal tract. Whilst in some cases

these regulatory mechanisms are solely concerned with movement of luminal content

(e.g. in the oesophagus and anorectum), those in the stomach and intestine also

subserve the need for simultaneous processing of the luminal contents. For example, in

the small intestine to allow optimal nutrient absorption and mixing with digestive

enzymes, a complex system of control of motility is required which is sensitive to the

physical and chemical nature of the luminal contents. Although a complete

understanding of the neural controls of intestinal motility is yet to be achieved, the

major mechanisms and the neurotransmitters involved are apparent (Costa et aI 1987;

Stark & Szurszewski 1992). Within the ganglia of the myenteric and submucous

plexuses of the gut wall, motor-, inter- and sensory neurones interact to achieve control

in the basic patterns of intestinal motility. Enteric motor neurons may affect smooth

muscle activity causing inhibition (mainly via release of nitric oxide, vâsoactive

intestinal polypeptide (VIP), or adenosine triphosphate (ATP)), or excitation (mainly

via release of acetyl choline (ACh) or substance P) (Stark & Szurszewski 1992). The

temporal and spatial organisation of smooth muscle contractions generated by the

enteric nervous system may be modulated or overridden by extrinsic neural influences

via vagal and spinal innervation (mainly via release of ACh or noradrenaline

respectively, e.g. Kawahara et al 1994).
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Gastrointestinal hormones may act as systemic or local modulators of motility

flMeisbrodt 1987). Systemic modulation of small intestinal motility has been shown for

motilin and cholecystokinin (Weems et al, 1985) and suggested for peptide YY (Sheikh

1991). A local function for cholecystokinin has also been demonstrated (Blackshaw &

Grundy 1990).

Disordered gastrointestinal motility resulting from dysfunction of one or more of these

regulatory mechanisms may potentially lead to gastrointestinal symptoms as well as

delayed or accelerated luminal transit. As discussed in Chapter 6, Section 6.4

Discussion, changes in proximal stomach and pyloric motor function may contribute to

the observed accelerated gastric emptying and higher prevalence of upper

gastrointestinal symptoms in patients following therapeutic abdominal irradiation.

Although the accelerated luminal transit associated with diarrhoea during and after

abdominal and pelvic irradiation is probably multifactorial involving disordered

motility, impaired absorption and possibly excessive intestinal secretion, it is likely that

the various factors interact at the level of the enteric nervous system to cause a pattern

of intestinal motility that induces more rapid intestinal transit. While it is likely that the

amplitude of intestinal contractions will be increased, it should be recognised that the

motor correlates of normal transit in the small intestine and colon have not been clearly

defined (Schemann & Ehrlein 1986; Siegle & Ehrlein 1988), in particular the relative

roles of non lumen and lumen occlusive contractions (Furukawa et al 1994). As in the

stomach, the temporal and spatial organisation of contractions will be an important

determinant of flow (Horowitz & Dent 1994).In considering possible mechanisms of

this effect, it is of interest that the majority of diarrhoeal disorders associated with

active intestinal secretion involve irritants or toxins and mediatiors of inflammatory or

allergic responses which also cause propagated intestinal contractions. Furthermore, it

has been shown that secretion induced by inflammatory mediators such as histamine

and prostaglandins can be partially blocked by neurotoxins or anticholinergic agents
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(Lundgren, 1988). The concept of diarrhoea being a primary motility disorder applies

even to diarrhoea initiated by' malabsorption of nutrients. For example, in conditions

causing terminal ileal dysfunction including pelvic irradiation, impaired bile acid and

fatty acid absorption leads to reflex colonic secretion and propulsion (Mekhjian et al

I911: Karlstrom 1986). The demonstration that secretion induced by bile and fatty

acids can be inhibited by neurotoxins also suggests involvement of the enteric nervous

system (Field et al 1989).

Similiarly, as discussed in Chapter 8, Section 8.4 Discussion, anorectal symptoms

such as faecal incontinence are likely to reflect damage to the mechanism(s) regulating

colonic motility and anal sphincteric function.

9 .4 .2 Disordered sensory feedback

Recent studies suggest that an alteration in visceral pain threshold, especially that for

distension, may characterise and link so-called functional gastrointestinal disorders

including non-cardiac chest pain, non-ulcer dyspepsia and irritable bowel syndrome

(Ritchie 1973; Whitehead et al 1980; Richter et al 1986; Kellow et at 1988; Kellow et al

1990; Lemann et al 1991; Mearin et al 1991; Coffin et al 1994). Alterations in the

threshold for stimulation.of gut-wall receptors, modulation in the conduction of the

sensory input, or conscious perception at a central level could all explain visceral

hypersensitivity. Abnormal gastrointestinal motility could in theory be a secondary

phenomenon produced by central or reflex stimulation. For example, patients with non-

cardiac chest pain with or without disordered oesophageal motility, have lower pain

thresholds for oesophageal balloon distension compared with healthy controls (Richter

et ai 1986). It is therefore possible that patients may more readily experience dysphagia

and odynophagia during mediastinal irradiation as a result of lowered sensory

thresholds, whether or not oesophageal motility is abnormal. The observed reduction in

the rectal balloon volume at which there was a desire to defaecate in patients following

pelvic irradiation closely parallels the observations of increased sensory perception to
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rectal balloon distension in patients with irritable bowel syndrome (Ritchie L973;

Whitehead et al 1980). Afferent information from the gastrointestinal tract is carried by

both the vagus and the spinal sympathetic nerves. Although both central autonomic and

higher cortical functions modulate the processing of visceral aft-erent information from

the gastrointestinal tract and could thereby influence symptoms, it is probably more

likely that gut inflammation resulting from iradiation alærs visceral afferent function at

the level of the enteric neryous system.

Alterations in the sensory response to gastric distension may also account for

symptoms during abdominal iradiation, similiar to the observations reported in patients

with non-ulcer dyspepsia (læmann et al 1991; Mearin et al l99I; Cofhn et al 1994). In

the most recant study of patients with non-ulcer dyspepsia (Coffin et al 1994), visceral

hypersensitivity was found to be restricted to the stomach and not triggered by

duodenal distension, although patients with non-ulcer dyspepsia showed defective

gastric relaxation responses to duodenal distension. Abdominal irradiation could also

contribute to visceral hypersensitivity by modulating the response of smali intestinal

chemoreceptors and mechanoreceptors to the presence of nutrients in the small intestinal

lumen (Horowitz & Dent l99I; Edelbroek etal L994).

9.4.3 Relationship between disordered sensation and motility

Altered sensitivity of the intestinal afferent and efferent pathways to physiological

stimuli, such as those related to meals, may contribute to abnormal motility and

increased transit in radiation enæritis in a manner analogous to the increased sensitivity

to normal motor events shown by patients with diarrhoea-predominant irritable bowel

syndrome (Kellow et al 1991).

Although there is little information about postprandial patterns of motility evoked by

different stimuli along the small intestine, the concept has emerged that sensory

mechanisms within the small intestinal lumen sample the chemical and mechanical
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properties of the contents and in turn trigger programmed patterns of motor activity

(Weisbrodt 1987). Although the presence of fat and carbohydrate in the ileum both

slow gastric emptying and jejunal transit (Read et al 1984), intraluminal stimulation

with mechanical stimuli such as distension (\Meisbrodt 1987) and reflux of material

from the colon (Kruis et al 1985) both increase motor activity which appears to be

propulsive. The sensitivity of the intestinal motor pathways to intraluminal stimuli

suggests that dysfunction of mucosal sensory mechanisms could result in changes in

motor activity and transit in radiation enteritis.

A largely unexplored mechanism for neural control of motility is the local release of

neuropeptides from stimulated vagal and spinal sensory endings, known as axon

reflexes. These sensory endings may be activated by a variety of mechanical and

chemical stimuli (Blackshaw et al 1987; Blackshaw & Grundy 1990; Blackshaw &

Grundy 1993a; Blackshaw & Grundy 1993b) and release transmitters including

substance P, calcitonin gene related peptide (CGRP) amd VIP onto gut and vascular

smooth muscle. The latter may cause contraction or relaxation (Holzer 1988). Much

evidence for this mechanism has stemmed from the use of sensory neurotoxins such as

capsaicin and resiniferatoxin, which when given acutely selectively activate extrinsic

sensory endings at low doses, and when administered chronically in high doses or

during prolonged exposure in vitro cause sensory degeneration (Marsh et al 1987).

Axon reflexes are thought to be particularly important in inflammation, such as that

which occurs in association with gastrointestinal mucosal damage during mediastinal,

abdominal and pelvic irradiation.

The recent development of specif,rc antagonists for gastrointestinal hormones such as

loxiglumide (Meyer et al 1987; Anvari et al 1994) should allow further delineation of

hormonal function in the modulation of intestinal motility. A local function of, for

example, cholecystokinin and serotonin released from the neuroendocrine cells in the

mucosa changes the activity of sensory neurones (Blackshaw & Grundy 1990;



210

Blackshaw & Grundy 1993a). These cells may therefore function as "taste cells"

(Newson et al 1982). It is now widely believed that such a mechanism may be involved

in the triggering of the intestinal peristaltic reflex, and could play a role in the mediation

of gastrointestinal sensations such as fullness and nausea.

9.5 PRIOzuT]ES INFUTURE STUDIES

9.5. 1 Animal studies

There is an urgent need to develop appropriate animal models to study the mechanisms

of acute and chronic gastrointestinal motor dysfunction. Although the morphological

effects of a range of single radiation doses have been well documented in a number of

species, there is a paucity of data using modern techniques to evaluate the effects of

irradiation on gastrointestinal motility. As discussed in Chapter 1, existing data is

conflicting, partly because most previous studies have employed single, large, ¡adiation

doses and suboptimal techniques, but also because it was not generally realised that

motility changes can occur within hours of the hrst radiation exposure. For example, it

is now apparent that even with the relatively small dose increments used in conventional

fractionated clinical radiation therapy the frequency of giant migrating contractions and

retrograde giant contractions in the small intestine of dogs increases significantly as

early as the day of the first fractionated radiation treaûnent, long before morphological

abnormalities are apparent (Otterson et al 1988). The effects of these motility changes

on intestinal transit remain to be confirmed since gastrointestinal transit was not

measured. Because of technical limitations, few studies have attempted to relate transit

to specific motor patterns, even though such a correlation is of fundamental importance

to an understanding of normal and disordered nutrient absorption. In particular, there

has been a lack of concurrent measurement of intraluminal pressure and transit on a

second by second basis. The significance of the spatial pressure pattern profile

responsible for movement of luminal contents has also not been fully appreciated

because pressures have not been measured at multiple, closeiy spaced, points.

Appropriate in-vivo studies of the mechanisms of small intestinal motor dysfunction
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which address these issues are at present not technically feasible.

In order to gain the best insight into changes in control mechnisms of intestinal motility,

in vitro studies involving isolation of a segment of intestine in an organ bath is

necessary. This also allows accurate physiological measurements and removes the

influence of anaesthetics and fluctuating levels of circulating hormones. Evaluation of

receptor mediated events is possible with a range of antagonists and agonists which

cannot be achieved in vivo due to slow metabolism or toxicity of compounds. The

recent development of an in-vitro preparation of rat small intestine which is arterially

perfused with a fluorocarbon solution has the advantage over in-vitro preparations

perfused with Krebs' biocarbonate buffer in that it remains viable for several hours and

does not show histological evidence of mucosal hypoxic injury (Bercik et al, 1994).

The latter is of particular importance in studying a disease where abnormalities in

mucosal sensory mechanisms may relate to changes in motility. This preparation may

therefore allow conelation of motility patterns with movement of intraluminal contents

in radiation induced motor dysfuncúon (Otærson et al 1988).

9.5.2 Human studies

Whilst targetted pharmocotherapy for some of the sequelae of therapeutic i¡radiation of

the gastroinæstinal tract must await clarification of the neural, hormonal and myogenic

mechanisms underlying gastrointestinal symptoms, priorities in clinical studies are in

the following areas: (i) evaluation of the potential role of abnormal sensory feedback in

the genesis of gastrointestinal symptoms as a result of therapeutic mediastinal and

abdominal irradiation, (ii) characterisation of the motor patterns underlying the

accelerated intestinal transit observed during and after abdominal and pelvic irradiation,

(iii) definition of the relative roles of neural and myogenic mechanisms in motor

dysfunction following abdominal and pelvic irradiation, (iv) evaluation of novel

approaches to reduce the risk of radiation injury to the gastrointestinal tract. Each of

these priorities and possible approaches to their investigation will now be briefly
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discussed.

The role of abnormal sensory feedback in the genesis of upper gastrointestinal

symptoms resulting from mediastinal inadiation could be further investigated by

initially evaluating sensory perception in response to intraoesophageal balloon

distension (Richter et al 1986; Mehta et al 1995) and gastric or intestinal

distension using an electronic barostat (Coffin et al 1994).

(iÐ The motor patterns underlying accelerated intestinal transit during and after

abdominal irradiation on humans would optimally be evaluated by concurrent

manometry and scintigraphic assessment of transit. Currently because of

technical limitations, manometry using multiple recording ports is only possible

for one particular region so that the effects of therapeutic irradiation on motility

and transit in different regions will require separate experiments.

(üi) Definition of the relative roles of neural and myogenic mechanisms underlying

gastrointestinal dysfunction requires in-vivo electrophysiological studies.

Technical limitations restrict the use of this approach at present to the

measurement of the latency of conduction of the external pudendal nerve (Kiff

& Swash, 1984) and its relationship with anorectal manometric parameters.

(iv) Investigation of novel approaches to reduce the risk of radiation injury to the

gastrointestinal t¡act would include (a) more precise identification of individuals

at increased risk of radiation injury to the gastrointestinal tract by large scale

multi-centre prospective longitudinal studies correlating putative risk factors

with outcome. It is possible that there may be subsets of patients who are

genetically predisposed to radiation damage. For example, carriers of the ataxia

telangiectasia gene, who comprise 5Vo of the cancer population, have increased

radiosensitivity when compared with normal individuals (Chen et al 1978).
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Alternative modalities of therapy if available, e.g. surgery for early cervical

carcinoma, should be the treatment of choice for such patients. When

therapeutic inadiation is the only curative modality, it is possible that tumours

from these individuals may also show increased radiosensitivity and therefore

require a lower radiation dose to eradicate, (b) techniques designed to reduce the

amount of the gastrointestinal tract in the high dose radiation field, such as

bladder distension to displace the small intestine out of the pelvic radiation field,

and so-called "conformal therapy". Although the relatively simple technique of

bladder distension during therapeutic pelvic radiation has been reported to

reduce the prevalence of diarrhoea (Green 1983; Gallagher et al 1986), no

controlled studies have been done to confirm this. The successful exploitation

of bladder distension to displace small inæstinal loops out of the pelvic radiation

field is predicated by these loops remaining free mobile which is not the case in

many patients, as small bowel loops may be stuck in the pelvis (Green 1975).

Conformal therapy, which attempts to minimise the irradiation of normal tissue

by a combination of minimising patient movement and using individually

shaped lead blocks, is currently being used in an attempt to reduce the long term

morbidity of pelvic inadiation for prostatic carcinoma on relatively fixed parts

of the gastrointestinal tract such as rectum. The application of this concept

which has been facilitaæd by the advent of three dimensional computer planning

programs, may prove to be beneficial for patients with fixed loops of small

intestine in the pelvis.
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Appendix

PUBLICATIONS RESULTING FROM THE STUDIES REPORTED IN THIS

THESIS

Scientific Papers

1. Yeoh EK, Horowitz M. Radiation enteritis. Surg Gynecol Obstet 1987;

165:373-376.

2. Yeoh EK, HorowitzM, Russo A, Muecke T, Ahmad A, Robb T, Chatterton B.

A retrospective study of the effects of pelvic irradiation for carcinoma of the

cervix on gastrointestinal function. Int J Radiat Oncol Biol Phys I993a;26:229-

237.

3- Yeoh EK, Horowitz M, Russo A, Muecke T, Robb T, Chatterton B.

Gastrointestinal function in chronic radiation enteritis - effects of loperamide-N-

oxide. Gut 1993b; 34:47 6-482.

4. Yeoh EK, HorowitzM, Russo A, Muecke T, Robb T, Maddox A, Chatterton

B. Effect of pelvic irradiation on gastrointestinal function: A prospective

longitudinal study. Am J Med 1993c;95:397-406.

5. Yeoh EK, Horowitz M, Russo A, Muecke T, Robb T, Chatterton B. The

effects of abdominal irradiation for seminoma of the testis on gastrointestinal

function. J Gastroenterol Hepatol 1995; 10:125-130.

6. Yeoh EK, Holloway RH, Russo A, Tippett M, Bermingham H, Chatterton B,

Horowitz M. Effects of mediastinal irradiation on oesophageal function. Gut

1995 (in press).
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1. Yeoh EK, Horowitz M, Maddox A, Chatterton B, Robb T, Davidson G,

Shearman DJC. Changes in gastrointestinal function in acute radiation enteritis.

Gastroenterology 1987 ; 92:17 04.

2. Yeoh EK, Horowítz M, Maddox A, Chatterton B, Robb T, Davidson G,

Shearman DJC. Acute changes in gastrointestinal function after abdominal

inadiation. Aust NZ J Med L987; 17:473.

3. Yeoh EK, Horowitz M, Maddox A, Chatterton B, Robb T, Davidson G,

Shearman DJC. Changes in gastrointestinal function in acute radiation enteritis.
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4- Yeoh EK, HorowitzM, Maddox A, Wishart J Muecke T, Gaffney R, Robb T,

Davidson G, Chatterton B, Shearman D. Acute effects of abdominal inadiation

on gastrointestinal function. Gastroenterology 1 9 88 ; 94:45 10.
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Davidson G, Chatterton B, Shearman D. Effects of abdominal irradiation on

gastrointestinal function. Gastroenterolo gy 1 9 8 9 ; 96 :45 60.

6. Yeoh EK, HorowitzM, Russo A, Muecke T, Robb T, Chatterton B. effects of

loperamide-N-oxide on gastrointestinal function in chronic radiation enteritis.

Gastroenterolo gy I99 | : 100: A264.

7. Yeoh EK, Horowitz M, Russo A, Muecke T, Ahmad A, Chatterton B.

Prevalence of chronic radiation enteritis after pelvic irradiation.

Gastroenterolo gy 19921' 102: A4l I.

8. Yeoh EK, Horowitz M, Russo A, Muecke T, Ahmad A, Chatterton B.

Gastrointestinal function after abdominal or pelvic irradiation. Gastroenterology

1993;104:A463.

9. Yeoh EK, Holloway R, Horowitz M, Russo A, Tippett M, Bermingham H,

Chatterton B. Effects of mediastinal irradiation on esophageal function.

Gastroenterolo gy L99 5 ;I08 : A264.
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