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Summary

Between 30 - 50% of patients undergoing surgery suffer from post-operative

nausea and vomiting which may be associated with pulmonary aspiration, and fluid

and electrolyte imbalance. It is a major avoidable cause of surgical morbidity and

mortality. The pathophysiology of human upper gastrointestinal function associated

with post-operative emesis, however, is unknown.

This thesis has explored the upper gastrointestinal motor associated with nausea

and vomiting in peri-operative patients.

Specific objectives were:

1 Evaluation of motor disturbances in the upper gastrointestinal tract associated

with emesis in the first 24 hours following surgery

2 Development of a novel computerised method for recognition and measurement

motor abnormalities associated with emesis

3 Investigation of intragastric pH changes associated with bile shifts and bile

vomiting

4 Evaluation of the effects of specific antiemetic therapy and laparoscopic surgery

on upper gastrointestinal dysmotility following cholecystectomy, and

5 Investigation of the contribution of opiate analgesia to symptoms and motor

disturbances associated with post-operative vomiting



In a human model of emesis, we have shown the presence of small bowel phasic

bursts which migrate in a retrograde fashion. These retrograde phasic bursts are

significantly associated with vomiting episodes. Such motor abnormalities can be

measured by a novel computer programme during prolonged ambulatory recordings.

During the post-operative period gastric pH rises, possibly as a consequence of

enterogastric flow of bile and subsequently falls when vomiting occurs.

The potent 5HT3 receptor antagonist antiemetic, ondansetron, ameliorates

post-operative nausea and vomiting symptoms and is associated with a reduction in

retrograde activity in the small bowel.

Morphine, when given to healthy volunteers, induced similar motor patterns to

those observed during post-operative emesis. Emesis in volunteers was also

associated with retrograde small bowel phasic activity. This motor response to

opiates may contribute to post-operative nausea and vomiting.
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Introduction
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The Problem of Post-operative Nausea and Vomiting

In the first 24 hours following major general surgery, 36% of patients in the

United Kingdom suffer from nausea and vomiting (Medicare Audits Ltd, 1992).

Despite conventional anti-emetics and improvements in peri-operative care, the

incidence of this complication has remained constant since the "ether era" (Watcha

MF, 1992). These patients are at risk of other serious complications such as

aspiration pneumonia (Palazzo MGA, 1984), wound dehiscence, and fluid and

electrolyte imbalance (Gellett S, 1988). Control of this big ' little problem' is

therefore desirable for both the patient and the doctor (Kapur PA, 1991). Despite the

magnitude of the problem and its potential sequelae, little is known of human

gastrointestinal pathophysiology associated with post-operative emesis.

Symptom definition

Nausea is a subjective feeling of the desire to vomit, without the development of

expulsive muscular movements. It may be associated with autonomic disturbances

such as tachycardia, salivation and sweating (WolfS, 1943). While this symptom

may be extremely debilitating, only the patient can be aware of its severity.

Retching differs from vomiting in that no gastric content is expelled, but both

involve somatic motor activity of the diaphragm and abdominal wall musculature.

Retching may be as disturbing to the patient as vomiting (Knapp RM, 1956).

Vomiting (or emesis) implies the expulsion of gastric content, continuing in severe

cases to include small bowel content.
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The Physiology of Vomiting

Phases ofvomiting

Vomiting occurs in three phases.

1) The pre-ejection phase

The pre-ejection phase comprises of nausea and numerous prodromal signs, which

in animals consist of licking, salivation, pallor and alteration of visceral function

such as tachycardia and relaxation of the gastric fundus. Similar autonomic

dysfunction occurs in humans, as described above. The duration of this phase is

variable, and may last only a few minutes. In pregnancy, or in patients undergoing

chemotherapy, however, it can last for many days or weeks (Andrews P, 1990).

While nausea may be experienced for some time, the autonomic disturbances tend to

be of short duration and closely related to the next phase.

2) The ejection phase

The ejection phase results in the oral ejection of upper gastrointestinal contents.

Although retching does not result in expulsion of gastrointestinal content, because

similar muscular activity is involved it is considered part of this phase and is

differentiated from vomiting by observation. Physiological differences between

retching and vomiting have been measured in animal studies. During retching, all of

the diaphragm, abdominal muscles and external intercostals contract synchronously

against a closed glottis, resulting in a rapid decrease in intrathoracic pressure.

Vomiting of gastric contents results when the rectus abdominis and external oblique

muscles contract over the stomach. When vomiting occurs, the upper oesophageal
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sphincter relaxes, the abdominal muscles and parts of the diaphragm contract,

resulting in increased intra-abdominal and intrathoracic pressures in excess of

100 mmHg. The hiatal fibres of the diaphragm relax during emesis, to allow transfer

of the abdominal pressures to the thoracic cavity and expulsion of the gastric

contents (Andrews PLR, 1988). The stomach in animal studies does not appear to

play much part in the emetic event, other than storing the vomitus following fundic

relaxation. Behavioural changes also occur; animals adopt a characteristic stance that

may optimise compression of the stomach by abdominal muscles.

3) The post ejection phase

The post-ejection phase is the return to the ejection or pre-ejection phases, and is

associated with the consequences of vomiting, such as lethargy, muscle weakness,

ionic loss and heat loss.

The vomiting act

Vomiting is thought to be a protective physiological mechanism designed to

prevent or rapidly eliminate toxins when noxious substances are ingested (Davis CJ,

1986). The vomiting act is a reflex, with sensory inputs relaying to the brain stem

which then activates autonomic and somatic nerves responsible for nausea and

vomiting (Fig 1.1).
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Figure 1.1 Model of the emetic control system.

Afferent systems innervate a peri-vomiting centre which controls and activates the

autonomic system, in a parallel fashion, prior to vomiting. The peri-vomiting centre

then innervates, in a sequential fashion, the centre which controls the somatomotor

systems responsible for vomiting (After Lang IM, 1990).

Afferent Systems Vomiting Centre Efferent Systems

Peripheral Autonomic Behavioural: Drowsiness

Chemoreceptive Trigger
Zone: Blood-borne Agent

Vestibulo-Occular Systerr
Motion sickness, etc.

Cortico-Bulbar System:
Anxiety, fear, etc.

System: Gastrointestinal,
Cardiovascular: Tachycardia,
Vasoconstriction, etc.

Respiratory Tachypnoea

Exocrine: Sweating,
Salivation, etc.

Gastrointestinal: Retrograde
Giant Contraction, etc.

▼

> Respiratory: Retching
and Vomiting

Gastrointestinal: Upper
oesophageal sphincter
relaxation

Behavioural: Posturing
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Afferent Input

Different afferent pathways stimulate the brain to induce vomiting, and can be

activated by many different types of stimuli ranging from motion, pregnancy, fear,

pain, taste to ingested toxins, chemotherapy and radiotherapy.

i) Vestibulo-occular system: Motion, or travel sickness is a complex response

which does not simply result from overstimulation of the inner ear vestibular

apparatus, as was once thought (James W, 1882). It is more likely due to a

"sensory conflict", of signals being received from sensory organs such as the

inner ear and eyes. The brain is thought to maintain a memory store of motor

commands paired to specific sensory inputs. When actual sensory input differs

from retrieved sensory memory traces, the difference results in a "sensory

conflict" signal. This "neural mismatch signal", proportional to the number and

magnitude of sensory conflict signals, results in motion sickness. Previous

experience in a particular motion environment could confer some degree of

immunity by updating the neural store with new sensory and motor "memory

trace" pairs (Reason JT, 1978).

ii) Chemoreceptive Trigger Zone (CTZ): The CTZ was first identified by Wang and

Borison in 1952. They found the emetic response to apomorphine and

intravenous copper sulphate was abolished in dogs when a specific area lateral to

the area postrema was surgically ablated (Wang SC, 1952). They postulated that

emetic agents in the circulation were detected at the CTZ in the area postrema, a

circumventricular organ lying outwith the blood-brain barrier, which then

activated the vomiting centre to induce emesis. It is postulated that
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pregnancy-related emesis may result from steroid hormone modulation of

dopaminergic neurones in the area postrema, making the vomiting centre more

sensitive to stimuli such as human chorionic gonadotrophin (hCG) which is

elevated in early pregnancy (Andrews P, 1990).

iii) Cortico-bulbar system: The role of higher cerebral influences is at present

unclear, but there is little doubt that anxiety, fear or exposure to unpleasant

smells or sights may facilitate nausea and vomiting. As studies in decerebrate

animals have shown that the integrative circuitry resides in the brain stem, it is

likely that higher inputs have a role in modulating the sensitivity of the brain

stem emetic mechanism, rather than acting as primary detectors of the emetic

stimuli.

iv) Peripheral autonomic system: The vagus nerve, which contains 80-90% afferent

fibres, is the main pathway for central stimulation from the gut. Afferent stimuli

are detected by two methods.

Mechanoreceptors: Located in the muscular wall, these afferent receptors are

activated by both contraction and distension of the gut. Stimulation may be

achieved by over-eating distending the stomach or by obstruction distending

proximal small intestine. Distension of areas that are not usually grossly

distended (antrum and intestine) results in an almost continuous vagal afferent

discharge. Proximal gastric distension also results in retrograde contractions

which originate in the jejunum and move to the stomach. The incidence of these

contractions is related to the degree of distension (Azpiroz F, 1984).

Chemoreceptors: Sited in the mucosa of the upper gut, these receptors monitor

the intraluminal environment and are sensitive to many stimuli, such as mucosal
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stroking, acid, alkali, hypertonic stimuli and irritants (e.g. copper sulphate) (Lee

KY, 1985; Grundy DG, 1989). If the concept that emesis developed to protect

man from ingesting toxins, then it is hardly surprising that detection mechanisms

exist in the gastrointestinal tract. As Wang and Borison demonstrated, vagotomy

can reduce or abolish the emetic response to intragastric copper sulphate (Wang

SC, 1952). The detector cell in the intestine is thought to be the enterochromaffin

cell which, when detecting a noxious substance, activates afferent nerves by local

release of a neurotransmitter, possibly 5-hydroxytryptamine (5-HT or serotonin).

This stimulates peripheral afferent vagal fibres, where 5-HT3 receptors have

been identified in animals, which relay to the nucleus tractus solitarius (NTS).

This nucleus is located in the brain stem, close to the area postrema and vomiting

centre (Carpenter DO, 1990).

The Vomiting Centre

Giannuzzi first proposed the existence of a vomiting centre as early as 1865, which

was later identified by others as being in the brain stem. However, the theory that all

emetic agents stimulated only one part of the brain, the "vomiting centre", was

proved incorrect by Wang and Borison, as described above. Central stimulation of

the vomiting centre could be achieved by applying chemicals, such as apomorphine,

to the area postrema, which they called the "chemoreceptor trigger zone". The area

postrema is one of the circumventricular organs of the brain which lie outside the

blood-brain barrier and can therefore be stimulated by blood-borne emetogenic
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compounds. Ablation of the chemoreceptor trigger zone abolishes the emetic

response to intravenous apomorphine and copper sulphate.

Wang and Borison considered the "vomiting centre" to be sited in the lateral

reticular formation, deep to the floor of the fourth ventricle and near the nuclei

responsible for control of salivation, spasmodic respiratory movements and forced

inspiration (Wang SC, 1952). Nerve fibres have been shown to connect the area

postrema to the NTS and may represent the stimulatory pathway taken to the

vomiting centre, following exposure of the CTZ to emetic compounds (Morest DK,

1960). The area postrema also sends outputs to the dorsal motor vagal nucleus and

the nucleus ambiguus, and thus could activate the motor changes in the

gastrointestinal tract known to be associated with nausea and vomiting (Leslie RA,

1986). The presence of a vomiting centre, however, has recently been challenged

(Miller AD, 1983), but given the complexity of electrical stimulation in the medulla,

dismissing the presence of a vomiting centre may be premature. Brizzee and Mehler

have examined the neuroanatomical connections of the medulla and considered the

parvicellular reticular formation to be of'primary importance as the structural

substrate of the final co-ordinating mechanism in the elucidation of the vomiting

reflex* (Brizzee KR, 1986).

Efferent Output

Vomiting embodies a complex reflex requiring the co-ordinated activity of a great

number of motor nuclei, each of which is involved in many different functions

(Barnes JH, 1984). These include all of the abdominal muscles, the diaphragm, the
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intercostals, the muscles of the larynx, pharynx and tongue, the neurones controlling

tone and peristalsis in the oesophagus, stomach and small intestine as well as

sphincter muscles. The reflex is also accompanied by autonomic activation to

produce the associated pallor, sweating and cardiovascular changes associated with

nausea. Importantly, all of these changes occur in a set sequence, and are not all

activated at once. Therefore there must be a pattern of excitation and inhibition at the

level of the brain-stem motor nuclei over a period of several seconds.

The vagal motor neurones supplying the gut and heart originate in the brain stem.

Afferent vagal stimulation also allows reflex relaxation of the gastric fundus by

stimulating the non-adrenergic, non-cholinergic intramural inhibitory neurones in the

stomach wall via a vago-vagal pathway. In addition, the dorsal and ventral

respiratory groups, regulating the phrenic nerve output from the cervical spinal cord,

are located in the brain stem as are the presympathetic neurones which maintain the

sympathetic tone to the heart and blood vessels.

Both tachycardia during nausea and bradycardia during retching and vomiting

have been reported, but it is unclear if the tachycardia is a response to the stress

associated with nausea, or if bradycardia results from activation of vagal efferents

following changes in intrathoracic pressure during emesis (Barnes JH, 1984).

The group of neurones that control the patterns of motor activity associated with

emesis have been described as a "central pattern generator" in the vomiting centre,

and this may be located in the nucleus tractus solitarius (NTS). The NTS is probably

the major integrative nucleus for visceral afferent information. The ventral portion

also forms the dorsal respiratory neuronal group, which is involved in the regulation
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of respiration (Miller AD, 1990). How the NTS neurones function to control the

motor components of emesis has yet to be answered (Carpenter DO, 1990).

Lang has postulated that the vomiting centre may contain two "central pattern

generators", one of which is responsible for the peri-vomiting autonomic responses

and the other for initiating the emetic response (Figure 1.1). He demonstrated in

dogs that the cardiovascular, respiratory and gastrointestinal correlates of emesis

may occur without vomiting, and in addition could occur independently of each

other. For example, cholecystokinin octapeptide (CCK-8) could initiate the

gastrointestinal correlates of emesis, without activating the emetic central pattern

generator (Lang IM, 1988). Control of the gastrointestinal mechanical changes are

thought to involve autonomic efferents. This is supported by the lack of

gastrointestinal motor correlates in vagotomised dogs, or in the presence of

hexamethonium (Willems J, 1986).

By necessity, studies of the central control of vomiting have been carried out in

various animals exposed to emetic-inducing substances such as apomorphine

(Lang IM, 1986), cardiac glycosides (Smith CC, 1961) and chemotherapeutic agents

(Andrews PLR, 1987). Little is known about the neural connections of the brain

stem which co-ordinate the many nuclei involved in the characteristic vomiting

pattern, which is an area of developing research.
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Gastrointestinal function during nausea and vomiting

As can be appreciated from the preceding pages, the gastrointestinal tract is

important both as a detector of ingested toxins as well as the effector organ of

emesis. Functional changes occur in the upper gastrointestinal tract which vary with

the various phases of the emetic act. Much of the reported data has been observed in

animal studies (King GL, 1990).

Pre-ejection

In 1925, Alvarez reported retrograde intestinal peristalsis migrating back to the

stomach prior to vomiting in animals. Observing food in the vomit of a patient being

fed solely by a jejunal fistula, he concluded this was also a feature of human

vomiting, although he never recorded retroperistalsis in this patient (Alvarez WC,

1925). In his experiments on induced nausea, Wolf noted a reduction in gastric

contractions, and considered that gastric hypomotility was essential to the occurrence

of nausea (Wolf S, 1943). Nausea was also associated with a reduction in gastric acid

secretion. The mechanism of reduced acid secretion is unclear, but may involve

withdrawal of tonic facilitatory vagal cholinergic activity, release of an inhibitory

hormone (e.g. somatostatin), a decrease in gut blood flow, or activation of vagal

efferents supplying intramural, nonadrenergic, non-cholinergic inhibitory neurones

to the oxyntic cells (Andrews PLR, 1988).

Relaxation of the proximal stomach has been shown to be mediated via vagal

efferent nerve fibres activating the intramural, non-adrenergic, non-cholinergic

inhibitory neurones in the stomach wall (Grundy D, 1991). This is followed in
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animal studies by a retrograde giant contraction which starts in the small intestine

and travels to the stomach (Smith CC, 1961; Code CF, 1985; Lang IM, 1986). This

response is mediated via the vagal nerve with the neurotransmitter being

acetylcholine. Upper intestinal retrograde activity has also been shown in humans

following labyrinthine stimulation (Thompson DG, 1982a). Thompson has also

reported a large-amplitude retroperistaltic wave immediately preceding spontaneous

vomiting (Thompson DG, 1982b).

These changes have a clear function in that reduced secretion and gastric

relaxation will accommodate enterogastric reflux of intestinal contents following

retroperistaltic activity in the upper gastrointestinal tract.

Ejection phase

Retching and vomiting mainly involve the contraction of the somatic muscles of

the abdomen and diaphragm. During retching all these muscles contract, but when

emesis occurs, the hiatal fibres of the diaphragm relax to allow expulsion of gastric

content (Andrews PLR, 1988). In cats, the fundus of the stomach appears to be

inactive during the ejection phase (Brizzee ICR, 1990).

Post-ejection phase

In human recordings of the upper gastrointestinal tract motor activity following

emesis, a migrating burst of phasic pressure activity propagates from the proximal

duodenum (not the stomach) into the distal duodenum (Thompson DG, 1982b;

Malagelada J-R, 1986).
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The Clinical Situation

Some General Features Of Post-Operative Nausea And Vomiting

Postoperative nausea and vomiting represents one of the major fears expressed by

patients prior to surgery (van Wijk MGF, 1990). Its prevention has also been of

major concern to anaesthetists almost as long as the history of anaesthesia itself

(Blumfeld J, 1899). However, anaesthetic agents represent only one of the many

factors involved in post-operative nausea and vomiting. Others include the age and

sex of the patient, body habitus, a history of previous post-operative vomiting, as

well as the type of surgery and peri-operative management.

Age

The very young (less than 1 year) have a low incidence for post-operative

vomiting of 5% which rises through childhood to 50% in adolescents (Cohen MM,

1990). There is then a slight fall to about 40% in adulthood which may decline in the

eighth decade (Bellville JW, 1960).

Gender

Adult women are 2 to 3 times more likely to suffer from post-operative nausea and

vomiting, which will be more severe, compared with males (Purkis IE, 1964). This

has been attributed to variations in sex hormone concentrations associated with the

phases of the menstrual cycle (Beattie WS, 1993). In retrospective studies,

post-operative vomiting was greater in the luteal phase, when oestrogen and

progesterone levels are normally high, compared with the earlier follicular phase
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(Beattie WS, 1991). This gender predilection is lost in the elderly and is not present

in the premenarche, periods when sex hormone concentrations are similar between

males and females.

Body habitus

Despite many other variables being present, several reports have suggested that the

incidence of post-operative vomiting is greater in obese patients compared with

aesthenic patients (McKenzie R, 1981; Watcha MF, 1991). These studies, however,

do not make it clear if post-operative emesis was related to the body size or to

difficulties encountered in administering the anaesthetic, such as hypoxaemia,

hypercapnia, hypotension or gastrointestinal distension which can also induce

vomiting (Hovorka J, 1990).

Previous post-operative nausea and vomiting

A previous history of post-operative nausea and vomiting is associated with a

threefold increase after subsequent anaesthetics (Purkis IE, 1964). Even those

patients who suffer from motion sickness are more susceptible (Kamath B, 1990).

Type ofSurgery

The incidence of post-operative nausea and vomiting varies both within and

between surgical specialties. Ophthalmic surgery has the greatest variation from as

low as 13% to as high as 80% in children undergoing strabismus surgery

(Abramowitz MD, 1983; van den Berg AA, 1989). A similar variation is seen in

gynaecology patients, with up to 73% of patients undergoing vaginal hysterectomy

experiencing nausea or vomiting in the post-operative period, compared to 52%

following simple laparoscopy (Hovorka J, 1988 and 1989).
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As early as 1899, Blumfeld suggested that abdominal surgery, particularly if

extensive gastric manipulation was involved, may have an effect on post-operative

vomiting (Blumfeld J, 1899). Studies have reported a 70% incidence of

post-operative nausea and vomiting following intra-abdominal operations, such as

gallbladder surgery and intestinal surgery, while abdominal wall surgery was

associated with a lower incidence of 13% (Bonica JJ, 1958). However, 2 years

earlier Knapp had reported a 67 -69% incidence of post-operative nausea and

vomiting in patients undergoing both intra-abdominal and non-abdominal surgery

(Knapp MR, 1956).

Most comparisons of post-operative nausea and vomiting following surgery are

complicated by the many differing variables present in each group. For example, it is

difficult to compare young women undergoing laparoscopy with older men

undergoing groin hernia repairs. Also there are many peri-operative factors to be

taken into consideration.

Peri-operativefactors

1) Fasting

Gastric content and the risk of post-operative vomiting has been well recognised

for many years. In 1946, Mendelson described pulmonary aspiration of gastric

content in 66 maternity cases, and recorded the aspirated material in 45 cases, 40 of

whom aspirated liquid and developed characteristic chest radiograph changes

(Mendelson's Syndrome), the remaining 5 aspirated solid material and died. Finding

that human acid vomitus injected into the trachea of rabbits caused the same

•
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radiographic changes observed in patients, Mendelson advised that women in labour

should not eat and that gastric content should be alkalinised prior to general

anaesthesia for labour (Mendelson CL, 1946).

Studies on fasting times prior to elective surgery, however, have produced

interesting results with regard to both gastric volume and pH of the content.

Prolonged fluid deprivation is associated with an increase of gastric volume and

lower pH, both of which can be altered favourably by ingestion of fluid

(Hutchinson A, 1988; Sutherland AD, 1986; Scarr M, 1989). The ingestion of

moderate volumes of fluids (150-300 mis), up to 2 hours prior to induction, has little

effect on gastric volume in patients undergoing elective surgery (Phillips S, 1993).

The likelihood of post-operative nausea and vomiting increases, however, when

gastric motility and emptying are compromised by conditions such as gastrointestinal

obstruction, diabetes mellitus, uraemia and intrinsic neuropathies (Andrews PLR,

1990). Following surgery, H2 antagonists inhibit gastric volume output, but do not

prevent post-operative vomiting (Cheadle WG, 1985).

2) Surgical position

Placing the patient in the lithotomy or Lloyd-Davis position may predispose to

vomiting by compression of the stomach and intestine, but Gold found surgical

position made no difference in women undergoing gynaecological surgery

(Gold MI, 1969). Hysterectomy is associated with a higher incidence of

post-operative vomiting compared with simple dilatation and curettage, although the

length of the procedure and exposure to different anaesthetic agents will obviously

vary (Madej TH, 1986a and b; Kamath B, 1990).
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3) Gastric intubation

Studies investigating the effect of emptying the stomach during surgery on

post-operative vomiting have produced conflicting results. Gastric suction may

reduce gastric distension secondary to manual ventilation, although Palazzo has

suggested that this does not follow opiate-induced emesis. The gastric tube may even

induce gagging and vomiting during recovery by stimulating the pharynx

(Palazzo MGA, 1984). Prophylactic nasogastric decompression following elective

laparotomy does reduce the incidence of post-operative vomiting, but not nausea,

and is associated with greater nasopharyngeal discomfort and pain (Cheadle WG,

1985).

4) Postoperative fluid intake

Post-operative nausea and vomiting following surgery has been observed to occur

particularly when the patient begins to eat or drink (van den Berg AA, 1987). The

problem of when to recommence oral intake has been the subject of debate for many

years (Burtles R, 1957). Schreiner demonstrated the severity of post-operative

nausea and vomiting could be reduced in day case paediatric surgery if children were

allowed fluids when they were thirsty and requested a drink, but this did not reduce

the overall incidence of emesis (Schreiner MS, 1992). A better understanding of the

effects of surgery and anaesthesia on the gastrointestinal function, and its return to

normal activity, may lead to an explanation of this observation.
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Anaesthetic agents

General anaesthesia requires the administration of numerous agents, which are

likely to play a major part in post-operative emesis. Comparison of past studies,

however, is difficult due to the lack of standardisation of the above contributing

factors and the variations in anaesthetic administration. The experience of the

anaesthetist has been known for many years to affect the incidence of post-operative

vomiting, with the patients of more experienced anaesthetists suffering less (Bellville

JW, 1960). This may be related to the depth of anaesthesia or possibly from

inadvertent distension of the stomach with anaesthetic agents following manual

ventilation by face mask (Belville JW, 1961; Hovorka J, 1990).

Anaesthetic and analgesic agents such as opiates, etomidate, methohexitone,

nitrous oxide and halothane are known to contribute to post-operative emesis

(Palazzo MGA, 1984). Some of the earlier vapourised inhalation anaesthetics were

extremely emetogenic (Waters RM, 1936). Lack of adequate pain control

undoubtedly contributes to post-operative emetic sequelae (Anderson R, 1976). The

prescribing of premedication and immediate post-operative analgesia is currently the

responsibility of the anaesthetist.

1) Opioids

The use of opiates such as morphine or papaveretum, whether for premedication or

analgesia, is considered to be particularly associated with post-operative nausea and

vomiting (Wilton NCT, 1986), although some studies have suggested that opioids

can in fact relieve pain-induced nausea (Anderson R, 1976). It has been recognised

for many years that morphine given as a premedication was associated with a higher

incidence of post-operative nausea and vomiting, even when combined with an
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anticholinergic such as atropine, which has significant antiemetic properties (Riding

JE, 1960). Results vary in studies comparing differing opioid agents. Pre-medication

comparison studies of pethidine and morphine have shown both drugs cause less

post-operative nausea and vomiting (Burtles R, 1957; Belville JW, 1960). Equipotent

doses of morphine and diamorphine, or morphine and papaveretum, have similar

incidences of post-operative nausea and vomiting (Dundee JW, 1965; Loan WB,

1966).

The use of opiates during surgery is also associated with an increased incidence of

post-operative nausea and vomiting. In a large multicentre study, the use of fentanyl

in a balanced anaesthetic technique was associated with nausea in 25% and vomiting

in 18%, compared with 18-19% and 11-13% for volatile anaesthetic agents

(Forrest JB, 1990). Newer synthetic opioid agents also cause post-operative nausea

and vomiting. A similar incidence of emesis occurs following both alfentanyl and

fentanyl (White PF, 1986).

It is difficult to assess the contribution of post-operative opiates to nausea and

vomiting during recovery. Pain itself is associated with nausea and vomiting

(Palazzo MGA, 1984), but if adequate relief of pain is achieved using opiates, nausea

can be reduced or abolished (Anderson R, 1976). However, opiates may also

contribute to post-operative emesis, either by directly stimulating the vomiting

centre, or indirectly by sensitising it to other emetogenic stimuli. This effect may

depend on circulating plasma opiate levels. For example, there is less post-operative

vomiting in patients who receive opiate analgesia via a pump delivery system, a

method which avoids peak plasma levels, when compared with 4 hourly

intramuscular morphine (Robinson SL, 1991).
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2) Benzodiazepines

Benzodiazepines are frequently used as a premedication. There is little evidence

that they affect the incidence of post-operative nausea and vomiting, although to date

there has been no prospective controlled study to examine this question

(Forrest JB, 1990; Karlsson E, 1990).

3) Anticholinergic agents

Anticholinergics are known to have anti-emetic properties through a central action.

Glycopyrrolate, an alternative to atropine or hyoscine, is a highly polarised molecule

that is unable to cross the blood-brain barrier and is associated with a higher

incidence of post-operative nausea and vomiting compared with atropine

(Salmenpera M, 1992). Atropine is less effective than hyoscine in controlling

post-operative nausea and vomiting (Clarke RSJ, 1965).

4) IV induction agents

The incidence of post-operative nausea and vomiting varies with the agent used for

induction. Methohexitone, propanidid and etomidate are associated with higher rates

(Clarke RSJ, 1984). Although not conclusively proven, propofol may have

anti-emetic properties. It is associated with lower incidences of vomiting when used

to induce anaesthesia followed by inhalational agents and when given by infusion to

maintain anaesthesia in children undergoing strabismus surgery (Doze VA, 1988;

Watcha MF, 1991).

5) Inhalational anaesthetic agents

i) Nitrous oxide

Nitrous oxide is thought to induce post-operative nausea and vomiting, although

its mode of action is unclear (Hartung J, 1993). It may act via central opioid
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receptors, by gut distension or by stimulating the middle ear (Melnick BM, 1987;

Davis I, 1979). Felts found a significant reduction of nausea in a group of female

patients undergoing laparoscopic sterilisation using an air-enflurane mixture

compared with nitrous oxide and enflurane, although this was not confirmed by

Hovorka in women also undergoing gynaecological laparoscopy (Felts JA, 1990;

Hovorka J, 1989). Following major surgery, however, nitrous oxide does not appear

to increase the incidence of post-operative nausea and vomiting (Ranta P, 1991).

This may be due to stronger post-operative emetic stimuli masking any beneficial

effects that have been demonstrated following minor daycase surgery,

ii) Volatile anaesthetic agents

The modern volatile agents in current use (isoflurane, enflurane and halothane) are

less emetogenic than the early agents such as ether and cyclopropane. There is little

or no difference in the incidence of nausea or vomiting between the newer agents,

although small studies have suggested that emesis in the first 2 hours of recovery

may be less after isoflurane than enflurane (Forrest JB, 1990; Hovorka J, 1988).

6) Neuromuscular blocking agents

Neuromuscular agents do not cause post-operative nausea and vomiting, but

reversal agents have differing effects. Neostigmine has been associated with

increased post-operative nausea and vomiting, unlike atropine, which is considered

to have anti-emetic effects (King MJ, 1988).
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Post-Operative Gastrointestinal Function

Gastric emptying is retarded following abdominal surgery which may be related to

opiate administration (Ingram DM, 1981). Schippers found that normal

gastrointestinal motility in the early post-operative period was abolished in patients

undergoing cholecystectomy or bowel resection, although no mention was made of

post-operative medication. This study considered the presence of'activity fronts' to

represent return to normal fasting activity (Schippers E, 1991).

Schurizek carried out manometry studies using a stationary system for 3 hours in

the recovery period of patients undergoing orthopaedic or plastic surgery. This

demonstrated a rise in gastric pH, attributed to reduced vagal tone, and the presence

of phase III type activity when the patient was in the recovery room (Schurizek BA,

1989a). In another paper, Schurizek noted that measurement of gastrointestinal

motility in the recovery period failed to return to normal pre-operative fasting

values. In particular, the duration of fasting phase II activity was reduced following

surgery (Schurizek BA, 1989b) and was considered to be opioid reduction of the

migrating motor complex duration. No abnormal motility was identified which could

predict emesis.

Many possible mechanisms for the disturbance in post-operative gastrointestinal

function have been suggested. These include increased sympathetic function

following incision, handling and exposure of the gut to air, peritoneal irritation and a

side effect of peri-operative drug administration (Bueno L, 1978; Mishra NK, 1975;

Golden RF, 1943). It is clear that the pathophysiology of post-operative emesis and

the contribution of the upper gastrointestinal tract is poorly understood.
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Summary

Post-operative nausea and vomiting is common and may be associated with serious

complications. Many contributory factors can be identified, and although much is to

be learned from neurophysiological studies of animal gastrointestinal function, little

research has been carried out in the human upper gastrointestinal tract. This is due to

difficulty in accurately recording gastrointestinal motility for prolonged periods,

with the added problems of analysing the resulting large volumes of data.

The ideal method of clinical investigation of the human upper gastrointestinal tract

should be:

i) comfortable: the patient must be able to tolerate the recording method, without

feeling nauseated because of it, for a prolonged period.

ii) portable: the method of recording must be easily transported and not hamper the

surgery or administration of anaesthesia.

iii) reproducible: the recordings should be reproducible with little inter and intra

observer variability, and

iv) analysable: the large volume of data should be capable of easy and quick

analysis using a reliable microcomputer programme.
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Chapter 2

The physiology of gastrointestinal function and methods

of measurement in the surgical patient
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This chapter summarises the physiology of gastrointestinal motility and acid

secretion, prior to reviewing current methods available for measuring gastrointestinal

function, with particular reference to the perioperative period.

Gastrointestinal Motility

Visceral smooth muscle cells of the gastrointestinal tract are spindle-shaped

structures measuring 5 pm wide by 500 pm in length when relaxed. They are

innervated by the intrinsic enteric nervous system which integrates with the central

nervous system via the autonomic system. Only a few muscle cells are in direct

contact with nerve terminals. Gap junctions between individual muscle cells allow

the rapid spread of electrical current so that numerous cells will contract in response

to nervous stimulation (Gabella G, 1981). This basic contractile response is

controlled by neural and hormonal mechanisms at various levels from the smooth

muscle to the brain.

Eiectrophysioiogy ofgastrointestinal contractions

The smooth muscle of the distal stomach and small intestine has an intrinsic slow

wave, or cycle, of membrane potential changes, consisting of an upstroke potential

and a plateau potential, and is recorded as the extracellular pacesetter potential.

When the membrane potential depolarises above a certain threshold, spike potentials

or electrical response activity (ERA) are initiated, resulting in depolarisation and

contraction of the gastrointestinal muscle (Daniel EE, 1963). The maximal frequency

of smooth muscle contraction is limited by the frequency of the slow wave at that

point of the gut. In the antrum of man, this is approximately three contractions per
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minute (Szurszewski JH, 1987), while the small intestine has a caudally reducing

gradient of slow wave activity from 11 per minute in the duodenum to 8-9 per

minute in the ileum (Foulk WT, 1954; Code CF, 1957). The slow wave is controlled

by the interstitial cells of Cajal, or pacemaker cells which are located at the inner and

outer boundaries of the circular muscle layer, and propagates into circular and

longitudinal muscles (Barajas-Lopez C, 1989).

The mechanics ofcontraction

Contraction of smooth muscle is preceded by a rise in intracellular calcium.

Calcium either influxes from the extracellular space, or is released from the

sarcoplasmic reticulum. Contraction occurs when intracellular actin binds myosin

which contains two light chains, one of which must be phosphorylated prior to

interacting with actin. Calcium binds calmodulin to activate myosin light-chain

kinase, the enzyme responsible for phosphorylation of myosin (Washabau RJ, 1991).

Following contraction, pumps on the cell membrane and sarcoplasmic reticulum

reduce calcium levels to precontraction levels, resulting in muscle relaxation.

Mechanisms initiating contractions

Excitation-contraction coupling is the term given to mechanisms that initiate

smooth muscle cell contraction. Two methods have been described.

1) Electromechanical coupling

A stimulus can initiate a contraction by depolarising the cell membrane potential,

either by an action potential on the muscle membrane, which activates a contraction,

or by a gradual depolarisation, where the degree of contraction is directly related to
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the resting membrane potential of the cell, as in the fundus of the stomach (Huizinga

JD, 1991).

2) Pharmacomechanical coupling

An agonist may alternatively initiate a contraction without producing a change in

the transmembrane potential. A membrane receptor is bound and produces

intracellular mediators, or second messengers, to modify the activity of ion channels,

membrane pumps or the contractile proteins themselves.

Conversion of an external signal (neural, hormonal or local) into smooth muscle

contraction occurs in three steps.

i) Binding of an excitatory or inhibitory agent occurs to a specific membrane

glycoprotein receptor. The receptor contains extracellular loops, which bind the

agonist or antagonist, and intracellular loops, which couple to guanosine

triphosphate (GTP)-binding proteins.

ii) Activation of the bound intracellular GTP-binding proteins, or G proteins,

occurs after the agent binds the membrane receptor. G proteins join membrane

receptors to a variety of effector systems, and will both conduct and amplify a

response to the external stimulus. Each G protein may be activated by a number

of membrane receptors as well as activate a number of effector systems.

iii) Modulation of the intracellular concentration of second messengers is effected

by the membrane-bound enzyme system. Messengers modify the activity of ion

channels, membrane pumps or the contractile proteins themselves. Activated G
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proteins also modulate ion channel activity directly, independent of second

messengers (Garcia-Sainz JA, 1991).

Both mechanisms of excitation-contraction coupling may operate simultaneously

in a given smooth muscle cell, and one or both may be activated by a single

stimulus.

Control of Gastrointestinal Motility

The contractile response of smooth muscle is controlled at various levels from the

smooth muscle cell to the brain by both neural and hormonal mechanisms (Fig 2.1).

Figure 2.1 Diagram representing the stratified neurohormonal control of

gastrointestinal motility (after Malagelada J-R, 1991)
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1) Neural control

Two nervous systems affect motility of the gastrointestinal tract. Extrinsic control

is exerted through the autonomic nervous system, nerve fibres of which travel

through the vagus and sympathetic nerves, which connects with the intramural

plexuses of the intrinsic, or enteric nervous system (ENS).

Autonomic nervous system

Autonomic stimulation is mediated through cholinergic, adrenergic and

non-cholinergic, non-adrenergic fibres. Initial work by Carlson suggested that

extrinsic autonomic neural connections were important in the initiation and

coordination of the fasting MMC (Carlson GM, 1972). However, Itoh later showed,

using a Thiery-Vella loop in dogs, that the MMC cycle neither required extrinsic

control nor intestinal continuity (Itoh Z, 1981). Extrinsic nerves therefore may not be

essential for the control of normal gastrointestinal motility, but rather modulate the

smooth muscle response to the enteric nervous system.

Enteric nervous system

The enteric nervous system is complex with many interneuronal connections

providing excitatory and inhibitory stimuli to the smooth muscle. It consists of the

myenteric plexus, located between the circular and longitudinal muscle layers, and

the submucosal plexus, which lies between the submucosa and the circular muscle

layer. Submucosal neurones innervate the innermost circular muscle layer in addition

to the mucosa and submucosa. Transmitters released by enteric neurones alter the

membrane potential of smooth muscle cells either directly or through the interstitial

cells of Cajal which control the slow wave.
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Some 40% of neurones in the myenteric plexus contain vasoactive intestinal

peptide (VIP) and an enzyme, nitric oxide synthase, which generates nitric oxide

(NO). Another 40% contain acetylcholine (ACh) or tachykinins, such as substance P

(SP) and substance K (SK). These enteric neurones release neurotransmitters that

cause contraction (tachykinins and acetylcholine) or relaxation (VIP and NO).

Subpopulations of neurones also contain the opioid peptides dynorphin and

met-enkephalin. Other neurones contain somatostatin, gamma aminobutyric acid

(GABA) or serotonin. These subpopulations act as interneurones to indirectly

influence smooth muscle through ENS motor neurones (Fig 2.2).

2) Hormonal Control

Many hormones released from gastrointestinal epithelial cells, such as motilin,

cholecystokinin and peptide YY, act via the systemic circulation to alter

gastrointestinal motility.

Motilin

Motilin is a 22 amino acid peptide, secreted cyclically under neural control from

specialised mucosal cells of the upper small intestine. These cells may be a

subpopulation of enterochromaffin cells. Motilin is associated with the fasting

activity of the upper gastrointestinal tract. Marked rises in plasma motilin

concentrations coincide with phase III of the migrating motor complex (MMC) in

the duodenum of dogs and man. Motilin infusion immediately following phase III

activity also induces premature phase Ill-like activity in both dogs and humans

(Itoh Z, 1976; Vantrappen G, 1979). There is some doubt, however, as to whether

the motilin rise, which occurs just before or during phase III of the MMC, induces or
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Figure 2.2 Diagram of neural pathways mediating the peristaltic reflex.

Proximal contraction and distal relaxation occurs in response to radial distension of

bowel. See text for abbreviations, (from Grider JR, 1993).
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is induced by the phase III. Motilin rises are abolished by eating, but it is not clear if

this is mediated by nerves or hormones, or both.

Itoh noted erythromycin induced similar responses to motilin in dogs (Itoh Z,

1984). Further work by Peeters later confirmed erythromycin was a motilin receptor

agonist (Peeters T, 1989). This discovery led to the development of'motilides',
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derivatives of erythromycin with prokinetic effects but no antibacterial activity,

which are now being used clinically (Sunazuka T, 1989).

Cholecystokinin

Cholecystokinin (CCK) is present in endocrine cells of the upper small intestine

and is released by dietary intake, particularly of fat. It is thought to participate in the

conversion of fasting motility to fed activity (Kellow JE, 1987). CCK inhibits gastric

emptying, accelerates small intestinal transit and induces gallbladder contraction.

Development of CCK-antagonists has demonstrated prokinetic effects which may be

of clinical relevance, although inhibition of gallbladder contraction may result in the

unwanted side-effect of gallstone formation.

Peptide YY

Peptide YY is found in specialised endocrine cells in small and large bowel

epithelium, particularly in the ileum and rectum, and is released by food. This may

be a reflex response as plasma levels rise early following ingestion even if food is

prevented from reaching the ileum and colon (Greeley GHJ, 1989). Infusion of

peptide YY delays gastric emptying, small bowel transit and diminishes intestinal

secretions by diminishing adenylate cyclase activity in intestinal epithelial cells

(Savage AP, 1987; Playford RJ, 1990). Peptide YY may play a role in the 'ileal

brake' mechanism whereby fat in the terminal ileum prolongs small bowel transit

(SoperNJ, 1990).

It is clear that the full effect on gastrointestinal motility of these and other

hormones, such as somatostatin, neurotensin and secretin, still requires to be

elucidated.
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Normal gastrointestinal motility

Motility of the upper gastrointestinal tract is conveniently considered in two parts,

fasting activity and the fed response.

1) Fasting activity

The contractile pattern associated with fasting consists of the migrating motor

complex (MMC) which is also known as the interdigestive migrating motor

complex. This is a cyclic phenomenon consisting of periods of contractile activity

alternating with periods of quiescence. The migrating myoelectric complex is the

electrical equivalent of the migrating motor complex (Fig 2.3). Code and Marlett

described four phases to the myoelectric cycle (Code CF, 1975).

i) Phase I: periods of quiescence which are followed by

ii) Phase II: irregular contractile activity leading to

iii) Phase III: a short burst of regular contractions, occasionally followed by

iv) Phase IV: irregular activity prior to the recurrence of quiescence.

Phase IV is inconsistent and is now ignored by most authors. Szurszewski

demonstrated in dogs distal migration of myoelectric phasic activity from the

duodenum down the small intestine to the terminal ileum, when a new complex

started migrating from the duodenum (Szurszewski JH, 1969). Cycle and phase

duration vary markedly between recordings and can also vary within individual

recordings (Thompson DG, 1980). Changes in gastric acid, pancreatic and biliary-

secretions also occur with the cyclic pattern of fasting activity (Keane FB, 1981).
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Figure 2.3 Microcomputer screen picture of the migrating motor complex.

Channel 1 is recorded from the gastric antrum, channel 2 from the duodenum and

channel 3 from the proximal jejunum. Distal migration of MMC phase III is

demonstrated. Recording sensors were spaced 12 cms apart.
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2) The fed response

The response to feeding depends on the physical state and nutrient content of the

meal. Water and gas do not disrupt the MMC, although the volume of these acaloric

substrates alter phase II contractility (Smith D, 1992a). Nutrients, however, inhibit

normal fasting activity and replace it with an irregular contractile activity ("fed

pattern") in the small bowel. Liquid nutrients reduce the amplitude of phasic

contractions in the antrum, while solids induce vigorous antral contractions shortly

after ingestion of the meal. The small intestine fed pattern after solids is similar to

that seen after liquid nutrients (Malagelada J-R, 1986). The duration of interruption

of the fasting cycle seems to be dependent on both the quantity and the type of food

taken, but when the stomach is nearly empty and the intestinal chyme absorbed, the

fasting MMC returns (Rees WDW, 1978 and 1982).
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Gastric Acid Secretion

Gastric gland cells secrete about 2500 mis of gastric juice daily, containing

electrolytes, enzymes, mucus, intrinsic factor and water. Hydrochloric acid (HC1) is

secreted following appropriate stimulation of parietal cells in the body and fundus of

the stomach. HC1 excretion into the lumen is controlled by a hydrogen-potassium

adenosine triphosphatase dependent proton pump with associated movement of

chloride ions down a concentration gradient. The proton pump is stimulated by

histamine, gastrin and acetylcholine binding to specific receptors on the basolateral

membrane of the parietal cell (Berglindh T, 1985). Acid secretion protects the

gastrointestinal tract from ingested bacteria, aids digestion of proteins by providing

the necessary pH for activation of pepsin and stimulates the flow of bile and

pancreatic secretions.

Gastric pH rises following surgery. This has been attributed to reduced secretion

of HC1 possibly by opioids which may alter parietal cell sensitivity, inhibit

acetylcholine release from vagal nerve endings, or act centrally

(Schurizek BA, 1989b). However, post-operative vomitus contains bile, and to date

no study has considered the contribution of enterogastric bile flow to post-operative

gastric pH fluctuations.
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Measuring Gastrointestinal Function

To measure gastrointestinal function effectively in patients undergoing surgery, it

is necessary to overcome a number of problems associated with surgery and the

administration of anaesthesia. Any measuring device should be patient-friendly and

not obstruct the surgeon or anaesthetist. Several methods of measuring

gastrointestinal function are considered below in relation to the performance of

peri-operative studies.

Scintigraphy

Radionucleide scintigraphy is a convenient, non-invasive method of measuring

gastrointestinal function. Isotopes are bound to foods or contained in a liquid

medium, often water. This method is appropriate for assessing transit in different

areas of the gastrointestinal tract, and clinically is often used to investigate fed state

motility. Examples include oesophageal disorders such as achalasia, diffuse

oesophageal spasm and scleroderma (De Caestecker JS, 1986), gastroparesis and

abnormalities of gastric emptying following gastric surgery (Smout AJPM, 1987)

and small bowel and colonic transit (Read NW, 1986).

Scintigraphy is inappropriate for measuring post-operative gastrointestinal motor

function for a number of reasons. Scintigraphy examines the transit of intraluminal

content and only a weak correlation has been shown between transit and the

contraction frequency of the upper jejunum (Read NW, 1984). It requires the subject

to lie under a gamma camera for a number of hours, which would be impractical

when investigating post-operative patients for prolonged periods. In addition, gastric

emptying has been shown to be delayed 24 hours following surgery and therefore
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little useful information would be gained from the small intestine as it is unlikely to

contain scintigraphic material until normal gastrointestinal function returns

(Ingram DM, 1981).

Radiology

One of the first publications on normal gastrointestinal movement utilised contrast

radiology in the cat (Cannon WB, 1902). This method provides an excellent outline

of the gastrointestinal tract and gives some information on the transit of intraluminal

medium. However, contrast radiology is an unphysiological method of assessing

motility as the contrast requires ingestion and may be stimulatory. Prolonged

radiation also makes this method of investigation unsuitable for human studies

(Nimmo WS, 1984).

Ultrasonography

High resolution ultrasonography is non-invasive and does not require exposure to

radiation. Gastric volumes are estimated by summating the values of serial

cross-sections of the gastric antrum and have been used to measure gastric emptying

(Bateman DM, 1982). It cannot detect the fundus of the stomach due to the presence

of gas and provides no information on the small intestine. Furthermore, the method

is operator dependent and visualisation is poor in both obese patients and those who

have had previous gastric surgery.

Applied Potential Tomography

By measuring the potential difference between numerous electrodes placed around

the abdomen, applied potential tomography can be used to quantify gastric emptying
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following ingestion of a conducting liquid or semi-liquid meal. Acid secretion has to

be inhibited and it is difficult to image the stomach in patients following gastric

surgery (Avill R, 1987). Again, no information on intestinal function can be

obtained.

Electromyography

The smooth muscle in the wall of the intestine generates cyclical changes in

electrical potential, the basal electric rhythm or slow wave. Superimposed "spike

potentials" correspond to contractions (Szurszewski JH, 1987). As electromyography

is normally recorded by permanently implanted electrodes, thus limiting studies to

animal models, Fleckenstein developed a multiple-electrode intubation system

capable of recording from 8 sites. Using this assembly, he was able to record fasting

activity in the human intestine, but as this method requires the electrode to be in

contact with the bowel wall, some weak contractions and some contractions during

irregular phase II activity are not recorded. Electrode contact is perfect during phase

III of the cycle (Fleckenstein P, 1978). Other electrodes have been tried, but are also

troubled with poor recording of the slow waves and signal loss, resulting in

interrupted recordings over prolonged periods (Hellstrom PM, 1991).

Radiotelemetry

Radiotelemetry capsules record migrating activity between two sensors, with the

signal being detected by external recording devices worn around the body. Up to

10% of signals may be lost and the intestine may sleeve over the two sensors,

resulting in over- and under- estimation of propagation velocities (Thompson DG,

1980).
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Drug Absorption

Serum paracetamol estimation can be used to measure gastric emptying.

Paracetamol is not absorbed from the stomach, but is quickly absorbed from the

small intestine. Using serial plasma samples, measured by high-pressure liquid

chromatography, Heading showed that its rate of absorption was directly related to

gastric emptying rate (Heading RC, 1973). Paracetamol appears to have little effect

on antroduodenal motility and none on gastric pH in healthy volunteers. It is

uniformly distributed throughout most body fluids, but its absorption is dependent on

the phases of fasting gastric motility, resulting in great variations in serum

concentrations (Schurizek BA, 1989b). Paracetamol absorption, however, does not

measure small bowel motility and gives no reflection of retrograde enterogastric

flow.

Manometry

Manometry measures pressure changes within the gastrointestinal tract due to

contraction of the smooth muscle in the wall. Correlation between myoelectric and

manometric recordings is about 100%, although myoelectric recordings are a more

sensitive indicator of motor activity than pressure waves (Henneresse P, 1988).

Manometry is already used in clinical practice to measure responses to specific

stimuli. For example, contraction propagation is measured in the oesophagus in

response to a wet or dry swallow, and anal relaxation is measured following rectal

balloon distension to indicate neuromuscular integrity.
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There are two methods of recording gastrointestinal manometry.

i) The first uses low-compliance infusion methods developed from a system

employed for oesophageal manometry (Arndorfer RC, 1977). The perfusion

tubes are made of polyvinylchloride or polyethelylene. The lumina are perfused

with distilled water using nitrogen at constant pressure (10-15 psi) fed into a

water tank and drives water through the perfusion tubes at a constant rate of 0.2

mis per channel per minute. When a contraction occludes a lumen a rise of the

water pressure within the perfusion tube is measured by a pressure transducer

and recorded on a polygraph.

ii) Manometry may also be recorded using solid state transducers connected to a

datalogger or polygraph. Transducers are mounted on a flexible catheter at varied

distances and calibrated either using a water column or sphygmomanometer. In

Ninewells Hospital, we use Gaeltec1 catheters mounted with 3 to 5 transducers.

Each transducer has a pressure range of 0 to 300 mmHg and the catheter has a

narrow diameter of 3mm (Fig 2.4). The catheter is passed pernasally, sited in the

gut using scintigraphy, then connected to a datalogger or polygraph to record

pressure changes. Motility may be recorded by a polygraph as for the water

perfusion system, or downloaded to computer from the datalogger.

Gaeltec Ltd, Dunvegan, Isle of Skye, Scotland
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Figure 2.4 A Gaeltec catheter with 3 strain-gauge transducers 12 cms apart.

The end balloon is inflated with water and air to assist caudad movement and

positioning of the sensors in the gastrointestinal tract. A pH electrode is taped 5 cms

proximal to the gastric sensor.
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pH

Measurement of gastric acid secretion may be earned out either by aspiration of

gastric acid, or by intraluminal microelectrodes. Aspiration techniques measure the

hydrogen activity by titration with 0.1 M NaOH to a neutral pH (7.0-7.4) as

measured by a pH-meter (Baron JH, 1963). This method may directly affect

measurements, however, by removing acid or indirectly by stimulation of

enterogastric reflux or provocation of secretory responses (Eyerly JB, 1940).

Measurements may also be hampered following surgery by low intragastric volumes

during both anaesthesia and sleep (Levin E, 1948).

The use of intraluminal microelectrodes to record gastric pH is a suitable

alternative to the aspiration technique (Pounder RE, 1993). Gastric acid is not

removed from the stomach, it is not dependent on acid volume and a continuous

readout may be obtained. Synectics1 pH sensors were used in this study. The sensor

is calibrated using commercial buffer solutions for pH 7 and pH 1 prior to use. The

electrode is then taped to the manometry catheter 5cms proximal to the gastric sensor

(Fig 2.4). Recordings are sampled at 4 Hz by the datalogger and later downloaded to

computer for display and analysis.

There may be disadvantages in this method of measurement. If the electrode lies

in contact with the gastric mucosa it may record mucosal pH and not that of the

luminal content. In addition, only the luminal pH is calculated. The volume of

gastric acid secretion cannot be measured.

Synectics Medical Ltd., Enfield, Middlesex
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Aims

This thesis seeks to identify and analyse the pathophysiology of prolonged upper

gastrointestinal motility and gastric pH changes associated with post-operative

emesis.

Principle objectives include:

i) The evaluation of motor disturbances in the upper gastrointestinal tract, which

may represent the final common pathway of emesis

ii) To develop a novel automated method for the recognition and measurement of
these motor abnormalities of emesis

iii) To investigate intragastric pH changes and bile shifts, associated with bile

vomiting

iv) To evaluate the effects of specific antiemetic therapy on upper gastrointestinal

dysmotility *

v) To investigate opiate induced nausea and vomiting and its contribution to post¬

operative upper gastrointestinal dysmotility.
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Chapter 3

Development and validation of computerised analysis of

gastrointestinal dysmotility associated with post-operative emesis
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Introduction

As reported in chapter 1, emesis represents an acute end response of the

gastrointestinal tract following exposure to noxious stimuli such as chemotherapeutic

or anaesthetic agents, apomorphine, opiates and vestibular stimulation (Cubeddu LX,

1990; Lang IM, 1989; Ingram DM, 1981, Thompson DG, 1982a). Abnormal

gastrointestinal motility patterns predominate in the first 24 hours following

abdominal surgery. In a small pilot study of 6 patients, Smith demonstrated gastric

quiescence and small bowel "phasic bursts" of contractions following

cholecystectomy. Although these phasic bursts visually resembled fasting phase III

activity, comparison of motility characteristics demonstrated phasic bursts had lower

contraction frequencies, were of shorter duration and had shorter periodicities.

Retrograde migration of phasic bursts also occurred and was associated with emesis

(Smith D, 1992b).

Manual interpretation of upper gastrointestinal motility is laborious and prone to

observer error (Benson MJ, 1993). A microcomputer programme has been devised

and validated in this department which analyses prolonged studies of normal gastric

and small bowel motility, thus providing objective and reproducible data (Waldron B,

1992) However, there are few microcomputer programmes capable of recognising

abnormal motility patterns which may be associated with abdominal symptoms

This chapter describes the development of a microcomputer algorithm to recognise

and measure the specific motor abnormalities described above, by exploiting

contractile differences between phasic bursts and phase III of the MMC. The

microcomputer method was assessed against manual interpretation of motility
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recordings by two skilled observers for (a) recognition, (b) duration and (c) direction

of migration of phasic bursts. Observer bias relating to these motility parameters was

assessed by tests of inter and intra-observer reproducibility.
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Materials And Methods

Patients

The motility studies used to test and validate the microcomputer emesis analysis

system were obtained from 6 patients (4 males, 2 females) undergoing simple

cholecystectomy (3 open, 3 laparoscopic). All were undergoing surgery for

ultrasound proven gallstone disease and were otherwise healthy (ASA I or II, see

Appendix 1) at the time of surgery. None were taking any regular medication. A

standard anaesthetic regime was used and post-operative analgesia was provided by

papaveretum 10-20 mg x 3-4 hrs as required. Prochlorperazine 12.5 mg was available

as an anti-emetic on request. Following surgery, 3 emetic episodes were recorded in 3

patients and were associated with retrograde small bowel activity.

Post-operative monitoring commenced in the recovery room immediately after

surgery and continued for up to 24 hours. All patients remained fasted for this period

and did not find the apparatus to be unduly uncomfortable (Figure 3.1). At the end of

the study, the catheter was retrieved by gentle traction and data downloaded to

microcomputer for display and analysis.

In view of the protocol requirement for fluoroscopy, a detailed menstrual and

contraceptive history was taken from female patients of childbearing age to ensure

that the risk of pregnancy was remote. All subjects gave their informed consent to the

protocol, which had been approved by the Tayside Health Board Medical Ethics

Committee.
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Figure 3.1 Patient undergoing upper gastrointestinal solid state manometry

following cholecystectomy.



Instrumentation

Manometry was carried out using a Gaeltec catheter (external diameter = 3mm)

mounted with 3 strain-gauge transducers (type CTG L\3) sited 12 cms apart, to allow

positioning in the gastric antrum, duodenum and jejunum immediately distal to the

ligament of Treitz. Each transducer has a pressure range from 0 to 300 mmHg. The

catheter is linked to an LME1 portable 2 megabyte data logger which contains an

analog-to-digital converter and stores analog data in eight-bit binary format, i.e. as a

range of integer values from 0 to 255. Calibration of each of the transducers linked to

the data logger was carried out preceding each study to give an identical signal

elevation of one digital integer for each 1 mmHg rise in detected pressure. Therefore

the maximum pressure range of the data logger transducer combination was 0-255

mmHg. The sample rate for data acquisition was set at 5Hz for all studies.

After each experiment, data was downloaded to an NCR2 80386 microcomputer,

with a 80387 maths co-processor and clock speed of 16 MHz and running our

purpose designed software for acquisition and display of motility signals in separate

channels at variable resolutions (Waldron B, 1991a). Each study recording was

archived permanently on a total of 36 x A4 pages (296 x 210 mm) for each 24 hour

interval.

1 London Medical Electronics, Northampton, UK

2 National Cash Register Corp., Dayton, Ohio, USA
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Development Of The Post Operative Analysis Program

Characteristics of the phasic hurst

In the upper small bowel, observer measurement of phasic burst motility

characteristics demonstrated a contraction frequency of 6.4 [5.5 - 8.2, interquartile

range] waves/minute, and a duration of 3.5 [2.1 - 4.6, interquartile range] minutes.

Phasic bursts are also preceded and followed by quiescence (Figure 3.2).

Recognition ofsmall bowel phasic bursts

An algorithm was developed to measure duodenal or jejunal phasic bursts and

written in Turbo Basic1. Phasic bursts were identified on the basis of a minimum of 5

contractions in one minute. The onset of a phasic burst was then redefined to exclude

preceding contractions whose intercontraction interval lay outwith the successive

interpeak interval plus 8 seconds. The end of the phasic burst and return to quiescence

was identified when the interpeak interval exceeded one minute and when less than 3

waves occurred in the following 3 minutes.

Having identified the onset and end of the phasic burst, the program calculated the

contraction frequency and mean contraction amplitude, duration and area under the

curve for each burst.

The migration velocity of phasic bursts is defined as the distance between sensors

(cms) divided by the interval (mins) from the time of onset of one phasic burst in one

channel to the time of onset in the subsequent channel. The program determines the

1 © Borland Inc.
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speed and direction of phasic burst migration as antegrade, retrograde or

simultaneous onset at different sites.

Migration of phasic bursts between small bowel channels is identified as antegrade

or retrograde if occurring within a time interval of +/-10 minutes in the distal channel.

The time window was chosen following visual inspection of post-operative tracings.

With a 12 cm intersensor spacing this allows for a minimum migration speed of 1.2

cms/minute. If phasic bursts migrate more slowly, they were not considered to be

related and were termed isolated or stationary. Phasic bursts calculated to migrate

faster than 20 cms/minute were considered to be simultaneous.

The algorithm was incorporated into Motil-Lab, a software program developed at

Ninewells Hospital. This program utilises a series of linked modules to permit data

display, artefact exclusion, contraction definition and measurement of fed and fasting

phase parameters (Waldron B, 1992).

The algorithm for analysis of normal motility recognises the MMC on the basis of

both phase III contraction frequency and the temporal sequence of phases I to III.

However, in the post-operative state, phasic bursts alternate with quiescence without

irregular phase II motility. The algorithm therefore is able to distinguish phasic bursts

from phase III on the basis of contraction frequency and the temporal relationship of

the MMC phases.
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Figure 3.2 Comparison of a phasic burst with phase III of the MMC

in the jejunum.

Note the decline in the contraction amplitude, the shorter duration and the lower

contraction frequency of the phasic burst, as compared with phase III of the MMC.
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Validation Of The Microcomputer System

The facilities for identification and duration of phasic bursts, in addition to direction

of migration, were evaluated against the assessment of two skilled observers. As

microcomputer measurements of amplitude and contraction frequency had previously

been validated (Waldron B, 1992), this was not repeated for assessment of this

algorithm.

Detailed analysis of phasic burst migration was only possible in 4 of the six patients

because the duodenal sensor moved back into the stomach in two, preventing

identification of small bowel phasic burst migration. Statistical comparison of

migration and duration measurements was limited to those bursts identified by

microcomputer and both observers (n = 198). Phasic burst duration and migration by

each observer was "blind" of the microcomputer results. All observer assessments

were carried out on two separate occasions with at least 2 weeks between them in

order to allow assessment of inter- and intra- observer reproducibility.

Data Analysis

As contraction characteristics were normally distributed in this study, summary

statistics used were the mean and standard error of the mean. Two way analysis of

variance was used to compare microcomputer results against the mean of both

observers and inter-observer identification for the number of contraction bursts per

channel and direction of migration. Comparison of microcomputer and inter- and

intra-observer measurements of phasic burst duration was by Student's t test.
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Results

A total of 131 hours of post operative recordings were obtained from the 6

patients. Complete recordings from stomach, duodenum and jejunum were obtained

from 4 patients. Because of retrograde movement of sensors during surgery, only

gastric and duodenal recordings were obtained following surgery in the remaining 2

patients.

Gastric quiescence

Gastric quiescence was present in all studies following surgery Occasional irregular

contractile activity was seen in one recording, but no normal fasting activity was

identified in any study.

Small bowel phasic bursts

Microcomputer analysis identified a total of 135 duodenal and 115 jejunal

contractile bursts compared with 133 duodenal and 106 jejunal bursts for the mean of

both observers. Microcomputer analysis identified 14 duodenal and 23 jejunal

contractile bursts as MMC phase III as these bursts had higher contraction

frequencies within the range of the migrating motor complex (Table 3.1).
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Table3.1MMCIIIandphasicbursts(PBs)detectedbycomputerandobserversbychannelandpatient
PatientNumber1234TotalPvalue* DuodenumJej

unum

Duodenum
Jejunum

Duodenum
JejunumDuodenumJejunum
DuodenumJejunum

Computer
PBs

25

18

31

21

15

20

50

33

121

92

MMCIII

2

2

2

3

0

3

10

15

14

23

1

Observermean
23

21

33

22

24

21

53

42

133

106

i0.5

Observer1

23

21

33

20

25

22

52

32

133

95

>

j

Observer2

23

21

34

24

24

21

55

52

136

118J
r°-6

*Twowayanalysisofvariance



Direction ofmigration

The microcomputer identified the migration of 58 phasic bursts between channels

compared with 76 for the mean of both observers. Sixty three duodenal bursts were

isolated or stationary by microcomputer analysis compared with 55 by observer

identification (Table 3.2).

Duration ofphasic hursts

No difference was observed in the duration of phasic bursts as identified by either

microcomputer or the mean of the observers (Computer: Duodenum 3.4 [+ 0.2 SE]

mins; Jejunum 3.6 [+ 0.1 SE] mins, vs Observer mean: Duodenum 3.6 [± 0.4 SE]

mins; Jejunum 3.5 [t 0.2 SE] mins. Table 3.3).

Inter- and Intra-ohserver variation

No significant variation occurred in the identification, direction of migration and

duration of phasic bursts both by each observer and between observers

(Tables 3.1, 3.4, 3.5).
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Table3.2Comparisonofdirectionofphasicburstmigrationbycomputerandthemeanoftwoobservers
PatientNumber1234 ComputerObserversComputerObserversComputerObserversComputerObservers

Antegrade111411139142421 Retrograde42870025 Stationary10612126102427 Twowayanalysisofvariancecomparingdirectionofmigrationbycomputervsmeanofobserversp=0.73(NS)



Table 3.3 Comparison of duodenal and jejunal phasic burst duration by

computer and mean of observers

(mean [+ SEM] minutes)

Computer Observers 1+2 p value*

Duodenum 3.4 + 0.2 3.6 + 0.1 0.52

Jejunum 3.6 + 0.4 3.5 + 0.2 0.98

* Student's t test
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Table3.4Comparisonofmigrationdirectionbyobservers
PatientNumber1234 Observer1Observer2Observer1Observer2Observer1Observer2Observer1Observer2

Antegrade1414141315141824
On

Retrograde415100047 Stationary58141110103024 Twowayanalysisofvariancecomparingidentifieddirectionofmigrationbetweenobserversp=0.92(NS)



Table 3.5 Phasic burst duration - reproducibility between observers

(Mean [± SEM] minutes)

Duodenal PBs Jejunal PBs

Observer 1

First

Second

Observer 2

First

Second

P values*

Intra-observer

Observer 1

Observer 2

Inter-observer

3.7 ±0.2

3.7 ±0.2

3.4 ±0.2

3.4 + 0.2

0.86

0.83

0.15

3.4 ±0.4

3.7 ±0.5

3.6 ±0.5

3.5 + 0.4

0.6

0.85

0.92

* Student's t test
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Discussion

Assessment of the emetic state has depended largely upon self evaluation by

patients of their own symptoms of nausea, vomiting and retching (Cubeddu LX, 1990;

Tripple GE, 1989; Priestman TJ, 1989). The patient's awareness of these signs and

symptoms, however, may be influenced by post-operative sedation, pain or

discomfort. Observer corroboration is laborious and subjective, and can only relate to

vomiting episodes.

The term "motor correlates of emesis" was first applied to observed motor

abnormalities in experimental animals following administration of emetic agents

(Lang IM, 1986). These "motor correlates" comprised of a retrograde giant

contraction, beginning in the small bowel and propagating orad to the gastric antrum,

followed by a series of phasic contractions mainly in the lower small intestine, and

were considered to provide an objective measurement of the emetic response. In

humans, we have previously shown consistent motor disturbances in the

post-operative state, which were associated with emesis. These included gastric

quiescence and abnormal small bowel contraction bursts, which were termed "phasic

bursts". These bursts resembled phase III of the MMC but had a shorter duration,

lower contraction frequency, lower mean amplitude and shorter periodicity (Smith D,

1992b). Phasic bursts which migrated in a retrograde direction were associated with

vomiting episodes. While measurement of these abnormalities could provide a more

objective assessment of emesis-associated gastrointestinal motility, observer analysis

is both time-consuming and laborious.
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Microcomputer analysis can now recognise and objectively measure normal upper

gastrointestinal motility (Waldron B, 1992). This study describes a modification of

that technique to allow measurement of abnormal patterns which occur in the

post-operative state and may be associated with emesis. A computer algorithm was

constructed which recognised phasic bursts and distinguished them from phase III of

the MMC on the grounds of contraction frequency differences.

Observer interpretation of the study recordings labelled all contraction bursts as

phasic bursts because of their short periodicity and lack of obvious phase II. The

microcomputer program, however, first identifies a proximal small bowel MMC phase

III on the basis of a minimum contraction frequency of 9 waves/minute and a

minimum duration of 2 minutes (Waldron B, 1992). In the present study, the

microcomputer program for recognition of phasic bursts was developed as an

extension to the existing program, leaving the algorithm for recognition of phase III

unaltered. Any motor activity with a high contraction frequency and duration is first

labelled as a MMC phase III and not as a phasic burst. While phasic bursts as a group

differ from MMC phase III, there is therefore some overlap which prevents absolute

accuracy. These bursts of small bowel activity have previously been described as

"phase Ill-like", and therefore mislabelling may be expected (Schurizek BA, 1989a

and b). The greater number of migrating bursts identified by observers is explained by

the microcomputer labelling some as MMC III in one channel and therefore not

recognising an association with a phasic burst in another small bowel channel. In the

context of this study, this did not matter as observer inspection failed to identify

normal MMCs during the post-operative phase. Thus the problem of mislabelling is
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overcome by combining observer assessment with that of the computer program. If

complete cycles are absent, then all bursts labelled by the computer as either phasic

bursts or MMCs may be considered as phasic bursts. A more complete solution would

be possible in the future by developing an algorithm which recognises an MMC only

on the basis of all phases.

This chapter reports the development and validation of a microcomputer program,

designed to identify these motor correlates of post-operative emesis, against the

assessment of two skilled observers. No significant difference in either identification,

direction of migration or duration of contractile bursts was found compared with the

mean of observer analysis. While analysis results were also similar between and

within observers, there were variations which do not occur with a microcomputer

program. The microcomputer results are, however, available in a matter of minutes,

compared with the hours taken by manual analysis. Observer review of the tracings

may still be required to confirm the microcomputer results.The microcomputer results

are as reliable as observer measurement, and consistent.

Thus this program is a reliable method of measuring the post-operative upper

gastrointestinal tract motor correlates of emesis. It has been used in this thesis to help

analyse post-operative recordings obtained from a larger patient group and to assess

the effects of antiemetic therapy on patient recovery.
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Chapter 4

Pre-operative fasting activity:

Comparison of patient and volunteer recordings

66



Introduction

Abnormalities of gastrointestinal motility have previously been described in disease

states like functional dyspepsia or irritable bowel syndrome (Malagelada J-R, 1986,

Vantrappen G, 1977; Waldron B, 1991b). Cholelithiasis may be associated with

abnormal gallbladder dysmotility, but to date pre-operative upper gastrointestinal

motility has not been reported in patients with gallstones. Therefore, before examining

post-operative gastrointestinal motility, it is first important to confirm normal

pre-operative motility in patients with gallbladder disease

Most studies of upper GI motility report fasting activity because the MJV1C phases

are easily identified and measured. Fed pattern is more difficult to measure as it

consists of irregular contractions, characteristics of which vary depending on meal

consistency and elemental content.

This chapter therefore compares pre-operative fasting gastrointestinal motor

activity in patients undergoing cholecystectomy with healthy volunteer recordings. As

fasting phasic activity varies with the time of day and conscious state, analysis has

been restricted to night time activity from midnight to 9 am (Kellow JE, 1986). Data

were recorded on a portable datalogger from 3 catheter-mounted solid state pressure

transducers sited in the gastric antrum, duodenum and proximal jejunum, and

subsequently analysed using Motil-Lab. Gastric pH was also recorded in the patient

group using a pH antimony probe and measured using the commercial Multigram1

programme.

Gastrosoft Inc., Irving, Texas
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Materials and Methods

Study groups

1) Patients

Twenty four patients undergoing cholecystectomy entered the study. The patients

comprised of eight men (average age 57 years [44 - 66 range]) and 16 women

(average age 48 years [28 - 72 range]) with gallbladder disease, confirmed on

ultrasound. One patient, admitted as an emergency with biliary colic which settled

within 48 hours, underwent surgery on the 5th day following admission. Another

suffered from mild hypertension that was controlled by Enalapril and a third was in

remission having been treated for hairy cell leukemia 2 years previously. All patients

were otherwise healthy and free from significant cardiac, endocrine, neurological,

muscular or collagen disease. Any medication likely to affect gastrointestinal motility

was stopped at least 48 hours prior to the study period.

2) Volunteers

Six volunteers (3 men, 3 women) aged 23-34 years were studied. No specific

investigation was performed in any of the volunteers who were free of gastrointestinal

symptoms and past medical history of serious illness.

Manometry

Manometry studies were carried out using a Gaeltec intraluminal solid state

catheter (type CTG-L3, external diameter = 3 mm) mounted with three strain gauge

transducers, sited 12 cms apart, and a 25 cm tail. Pressure recordings were stored on
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portable data loggers, with large memory capacity (LME datalogger [n= 6] and

Synectics microdigitrapper [n= 24]). Stored data were downloaded at the end of each

study to a microcomputer system.

The London Medical Electronics datalogger was calibrated using a modified

sphygmomanometer preceeding each study to give an identical signal elevation of one

digital integer for each 1 mmHg rise in detected pressure. The maximal pressure range

of the data logger/transducer combination was 0 to 255 mmHg. Using the Synectics

microdigitrapper, transducer calibration was carried out using a water column to

standardise recordings for a 50mmHg pressure rise preceeding each study. Sampling

rates for data acquisition were set at 5 or 4 Hz for each datalogger respectively, which

are suitable for accurate reproduction of analogue motility signals (Lindberg G, 1990,

SilerW, 1965).

pH recordings

Fourteen patients underwent recordings of gastric body pH using semi-disposable,

monocrystant antimony pH catheters. These were initially calibrated with commercial

buffer solutions of pH 1 and 7, and taped 5 cms proximal to the gastric pressure

transducer prior to catheter placement (Figure 4 1).

Procedure

Volunteers attended the manometry room after an overnight fast. Patients attended

during the pre-operative day, having fasted for a minimum of 4 hours.

In all subjects, the catheter was passed pernasally into the stomach and positioned

in the distal antrum. Four to 5 mis of water were instilled into a tip-mounted balloon
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to assist catheter passage through the pylorus, while the subject lay semi-recumbent

on his right side. Once across, the tip-mounted balloon was further inflated with

5 mis of air to induce peristalsis and aid positioning of the transducers in the gastric

antrum, duodenum and proximal jejunum. Position was confirmed by fluoroscopy,

using a GEC1 Cardiovision image intensifier with a maximum exposure time of 20

seconds at 79 kV and 0.05 milliamps, giving a skin entrance radiation dose of 3 mGy.

A lead apron shielded the gonadal area. When the distal sensor lay just beyond the

ligament of Trietz, the balloon was deflated and the catheter was securely taped to the

subject's cheek to prevent further distal movement (Fig 4.1). After satisfactory

positioning of the manometry catheter, the datalogger batteries were changed before

connecting the datalogger to the catheter. The datalogger was carried in a harness,

allowing subjects to be ambulant.

After each recording, digitised manometry data was downloaded to an Elonex2

PC-433 microcomputer and converted to allow display and analysis of motility signals

in separate channels using a purpose-designed, validated software, Motil-Lab

(Waldron B, 1992). Each study recording was permanently archived on floppy disk,

and hard-copy recordings of motility tracings obtained on a total of 25 x A4 pages

(296 x 210 mm) for each 24 hour interval. Gastric pH recordings were downloaded to

microcomputer and analysed using the Multigram programme provided with the

Synectics datalogger.

General Electric Co , Suffolk, England

Elonex pic, London, UK
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Figure 4.1 Diagram showing the position of pressure sensors (in red) and the

pH probe (in blue) during studies.

The distal transducer lay just beyond the Ligament of Treitz.

Volunteer recordings

Volunteer recordings were carried out in the subject's own home environment over

a 'standard day', during which 3 main meals and 2 snacks were consumed at 3 hour

intervals to maintain continuous fed activity throughout the day, followed by

uninterrupted fasting activity during the night (Table 4 ,1). Thus two phases of fed and

fasting activity, during daytime and night time respectively, were recorded. Small

drinks of water up to 50 mis were permitted ad libitum.

Volunteers returned to the motility room the following morning to allow catheter

removal, by gentle traction, and data downloading to computer for display and

analysis.

Pressu

sensor

pH probe
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Table 4.1 The 'standard day' followed by volunteers

Milk allowance for the day = 1/2 pint, sips of water as desired,
saccharine sweetener allowed, no strenuous activity

TIME EVENT MEAL CALORIC AND
ELEMENTAL CONTENT

Kcal Protein Fat CHO Fibre

(gms) (gms) (gms)

09.30 STUDY COMMENCED

10.00 BREAKFAST 410 8 12.74 70.7 5.8

Tea (1 cup)
Cornflakes (2 boxes, 1 tsp sugar)
Orange juice (200 mis)
Bread (2 slices + 2 portions
butter)

13.00 LUNCH 611 20 35.2 57 3.4

Tea (1 cup)
Bread (2 slices + 1 portion
butter)
Cheese (2 portions)
Kit Kat (4 finger bar)

16.00 SNACK 1 118 2.4 5.1 16.5 1.4

Tea (1 cup)
2 Digestive Biscuits

19.00 DINNER 533 36.1 14.3 68.8 5.5

Roast Beef Platter
Rice Pudding
Tea (1 cup)

22.00 SNACK 2 120 1.3 6.4 15.5 0.7

Tea (1 cup)
Penguin Biscuit

23.00 BED

07.00 RISE

11.00 STUDY COMPLETED

Milk 195 9.9 11.4 14.1

TOTAL 1987 77.7 85.2 242.6 16.8
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Patient recordings

Recording continued for 16 to 20 hours, during which time patients took an

evening meal and bedtime snack before fasting from midnight. The pre-operative

study was completed in the anaesthetic room the following day, immediately before

induction of anaesthesia The datalogger was disconnected, data downloaded to

computer and the datalogger batteries changed in readiness for the post-operative

studies. The manometry catheter was left in situ, to be connected at the end of the

operation for the postoperative recording.

Microcomputer analysis

Analysis of collected manometric data was carried out using Motil-Lab which has

been briefly described in Chapter 3. Fasting activity was measured from the first

phase III of the migrating motor complex (MMC) measured after the evening meal or

snack, until the datalogger was disconnected in the anaesthetic room. Mean hourly

gastric pH measurements were calculated using Multigram for each patient from

midnight to 9 am on the day of surgery,

Statistics

Descriptive statistics included the mean and standard deviation, and median and

interquartile range for parametric and non parametric data, respectively. Between

group differences were assessed by Student's t-test for paired or unpaired parametric

data and the Mann-Whitney test for non parametric data.
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Ethical considerations

In view of protocol requirements for fluoroscopy, a detailed menstrual and

contraceptive history was taken from female patients and volunteers of child-bearing

age, in addition to a negative pregnancy test, to ensure the risk of pregnancy was

remote. All subjects gave their informed consent to the respective protocols, which

had been approved by the Tayside Health Board Medical Ethics Committee.
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Results

In the patient group, two studies were lost due to poor connections between the

catheter and datalogger and one study was excluded due to failure of all 3 sensors,

leaving 21 studies for analysis. The duodenal sensor failed in one other study.

In the volunteer group, a gastric sensor failed in one study. The catheter migrated

proximally in another study, leaving only gastric and duodenal recordings available for

analysis.

Study groups

The patient group consisted of 14 females, mean age 48 (range 28 -72) years and

7 males, mean age 57 (range 44 - 66) years, [p = NS; Student's t test]. The volunteers

consisted of 3 women, mean age 25 (range 20 - 34) years and 3 men, mean age 25

(range 23 - 27) years.

Duration offasting activity

1) Patient group

A total of 150 hours of fasting motility, an average of 7 hours 15minutes (range

2 hrs 30 mins - 10 hrs 30 mins) per patient, was recorded in the patient group.

2) Volunteer group

An average of 7 (range 5-10) hours of fasting activity was recorded in the

volunteer studies.
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Fasting MMC activity

1) Patient group

An aborally increasing number of migrating motor complexes per patient were

recorded (antrum 1.9; duodenum 3.1; jejunum 3.6). The median periodicities of the

MMC were greater in the antrum compared with the small bowel, but did not reach

significance. Contraction characteristics of the phase III demonstrated shorter

duration, lower contraction frequency and higher mean amplitude in the stomach

compared with duodenal and jejunal recordings. Mean amplitude of phase III was

greater in the duodenum than the jejunum. Migration velocities of phase III were

slower between the antrum and duodenum compared with the small bowel sensors

(Table 4.2).

2) Volunteers

A total of 19 MMC phase III activity fronts were observed in the jejunum, of which

8 started in the gastric antrum. The average number of cycles increased aborally

(antrum 1.3; duodenum 3.2; jejunum 3.8). Volunteer recordings demonstrated similar

interchannel differences to patient results. The MMC periodicity was longer in the

stomach, and phase III contraction characteristics demonstrated lower contraction

frequency and higher contraction amplitude in antral recordings compared with the

small bowel. Phase III migration was faster between the duodenal and jejunal sensors

(Table 4.3).
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Table4.2ContractioncharacteristicsofMMCphaseIIIbychannelinpatients (Median[IQR])

Periodicity'

Duration+

Contractionfrequency1
Amplitude1*

MigrationVelocity1

(mins)

(mins)

(Conts/min)

(mmHg)

(cms/min)

Antrum

133(68-202)

2.7(1.9-3.7)

3.0(2.0-3.7)

72.2(39.7-118.3)

(n=41)

2.5(1.4-3.4)

Duodenum

87(48-136)

5.9(4.0-8.0)

10.2(9.5-10.8)
33.1(25.4-39.3)

(n=63)

5.3(3.5-8.1)

Jejunum

77(45-125)

6.3(3.8-7.6)

10.1(9.5-10.6)
24.7(22.4-30.2)

(n=75) 1P=NS.1P<0.001forantralvaluecomparedtoduodenalandjejunalresult;1p<0.001comparingmigrationvelocities. *p<0.001forduodenalvsjejunalamplitudevalues,Mann-WhitneyUtest.



Table4.3ContractioncharacteristicsoftheMMCphaseIIIbychannelinvolunteers (Median[IQR])

Periodicity1

Duration'1

Contractionfrequency1^
Amplitude1

MigrationVelocity*

(mins)

(mins)

(conts/min)

(mmHg)

(cms/min)

Antrum

151(102-228)
4.0(3.6-4.6)

2.6(1.8-2.9)

77.0(59.7-100.6)

(n=8)

3.32(2.2-5.8)

Duodenum

56(54-81)

4.7(3.5-7.8)

10.7(10.0-11.2)
35.8(28.1-39.4)

(n=18)

11.1(5.4-14.3)

Jejunum

65(52-98)

4.5(3.2-7.1)

10.9(9.8-11.6)
30.5(19.8-36.5)

(n-19) ^P=NSforinterchannelanalysis,•fp<0.001or1p<0.02forantralvaluecomparedtoduodenalandjejunalresult;*p<0.02 comparinginterchannelmigrationvelocities,Mann-WhitneyUtest.



Phasic bursts

1) Patient group

A total of 30 duodenal and 50 jejunal phasic bursts were detected by computer

analysis in 15 and 16 patients respectively. A median [interquartile range] of one

phasic burst was recorded per patient per channel (Duodenum 1[0 - 2],

Jejunum 1 [1 - 2]). Only 20% were considered to migrate between the small bowel

channels (4 antegrade, 2 retrograde). Contraction frequency and duration of phasic

bursts were similar in the duodenum and jejunum, but contraction amplitude

decreased significantly between duodenum and jejunum (Table 4.4).

2) Volunteers

Only 1 duodenal and 3 jejunal phasic bursts were detected by computer analysis in 1

and 2 volunteers respectively. The duodenal phasic burst did not migrate to the

jejunum. Contraction characteristics for these bursts are shown in Table 4.4.
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Table 4.4 Phasic Burst contraction characteristics by channel and group

(median [IQR])

Duration

(mins)

Contraction frequency1 Amplitude7

(Conts/min) (mmHg)

Patients

Duodenum 1.2 (0.8 - 3.3)

(n = 30)

Jejunum

(n = 50)

1.4 (0.9-2.6)

7.5 (6.1 - 10.4) 31.7 (22.8 -45.7)

7.4 (6.2 - 8.8) 28.7(20.1 -34.1)

Volunteers

Duodenum

(n = 1)

Jejunum

(n = 3)

1.8 8.7 17

1.2(1.0-7.3) 7.5(5.4-8.4) 17.6(15.7-50.9)

1 P = NS,+ p < 0.05 duodenum v.v jejunum (comparison of patient results only)

Mann-Whitney U test.
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Comparison offasting activity between groups

In general, comparison of recordings between the groups demonstrated similar

results (Table 4.5). The following differences were recorded:

i) The duration of antral phase III was longer in the volunteers [volunteers: 4.0

(3.6 - 4.6) mins v.? patients: 2.7 (1.9 - 3.7) mins; p = 0.02],

ii) Contraction frequency was greater in the volunteer small bowel recordings

[duodenum] volunteers: 10.7 (10.0 - 11.2) cont/min v.y patients: 10.1 (9.4 -

10.8) cont/min {p = 0.04}, jejunum] volunteers: 10.9 (9.8 - 11.6) cont/min

vs patients: 10.0 (9.5 - 10.6) cont/min (p = 0.01}].

iii) Phase III migration velocity between the small bowel sensors was faster in

the volunteer group [volunteers: 11.1(5.4 - 14.3) cms/min vs patients: 5.3

(3.6 - 8.6) cms/min; p = 0.04],

Table 4.5 Significance values comparing patient and volunteer fasting
results (Mann-Whitney U test)

Periodicity Duration Contraction Amplitude Migration

frequency velocity

Antrum 0.48 0.02 0.34 0.53

0.13

Duodenum 0.37 0.3 0.04 0.84

0.04

Jejunum 0.82 0.11 0.01 0.39
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Patient fasting gastric pH recordings

Gastric pH was recorded in 7 women, mean age 56 (range 35 - 72) years and

7 men, mean age 57 (range 44 - 70) years. Hourly gastric pH values for all patients

were non-parametrically distributed. Total median [interquartile values] overnight

fasting gastric pH for all patients was 1.97 [1.37 - 4.91], Median pH values by hour

did not differ significantly during the fasting period (figure 4.2). Individual patient

values for total overnight gastric pH levels varied from 1.1 to 6.2.

Figure 4.2 Median fasting gastric pH values by hour for all patients.

(range = interquartile values)
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Discussion

Fasting gastrointestinal motility

Normal fasting gastrointestinal motility is characterised by cyclical phasic bursts of

contractile activity, the migrating motor complex (MMC), as described in chapter 2.

Of the three phases described, phase III is the most easily recognised as a burst of

regular contractions, the contraction characteristics and propagation velocity of which

vary depending on the part of small bowel examined (Kellow JE, 1986).
«

Previously, objective assessment of GI manometry has been limited by the

requirement for stationary recordings, analogue chart recorders, and the laborious

visual interpretation of these recordings by skilled observers

These problems have now been overcome by advances in collection and

microcomputer handling of motility data. Solid state manometry makes prolonged

data recording more tolerable for subjects and produces comparable results to the

more cumbersome stationary water perfused systems (Gill RC, 1990; Valori RM,

1986). Light weight digital dataloggers also make prolonged ambulatory studies a

practical proposition (Lindberg G, 1990, Husebye E, 1990). As discussed in chapter

3, advances in microcomputer analysis of gastric and small bowel motor patterns

enable rapid, objective interpretation of the resulting lengthy recordings (Waldron B,

1992).

The fasting motor activity recorded in both patients and volunteers is generally

similar to that reported by other studies. Gastric phase III contraction characteristics

demonstrate shorter duration, lower contraction frequency and higher contraction

amplitude compared to the small bowel. The migration velocity increases ahorally and
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the MMC periodicity is shorter in the small bowel. The maximum number of phase III

also occurs in the proximal jejunum (Husebye E, 1990; Kellow JE, 1986, Thompson

DG, 1980). The mean amplitude of phase III decreased aborally from the duodenum

to the jejunum in both groups. A similar decrease in gastroduodenal phasic pressure

wave amplitude has been reported following intragastric infusion of nutrient liquids

(White CM, 1983).

There are some differences compared with other reported fasting data. For

example, phase III duration and periodicity in the small bowel are shorter in this

study. Objective computer measurement of phase III may explain the shorter duration.

The programme measures the duration of phase III from the onset of regular

contractile activity to the time of completion of the last contraction whose

intercontraction interval with five of its predecessors was <1.5 times the mean

intercontraction interval of six contractions in the centre of the burst. In addition, a

low amplitude threshold is included to exclude respiratory artefact (Waldron B,

1992). Therefore contractions of low amplitude or moderately greater

intercontraction intervals at the end of a phase III may visually be considered part of

the phase III, but are excluded by the computer programme, resulting in a shorter

phase III duration. The cycle length, or periodicity, of the MMC is known to vary

considerably between subjects, and is also shorter at night (Dooley CP, 1992). The

periodicity measured in both patients and volunteers lies well within the wide range

reported in other studies (Kellow JE, 1986; Thompson DG, 1980).

Some of these variations may also be explained by the use of a narrow, short

catheter. Differing methods of data collection give varying results, suggesting that the
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method of recording may exert a subtle influence on gastrointestinal function. For

example, ileal intubation has been shown to inhibit gastric emptying and antral motility

and increase small intestinal transit, but these effects are absent when a shorter

duodenal manometric assembly is used (Read NW, 1983; Fone DR, 1991).

Differences between patient and volunteer recordings were few and most may be

due to the fewer MMCs recorded in volunteers. Only 8 gastric phase III were

recorded in volunteers, which may explain the longer duration. The smaller numbers

would also explain the variation in phase III migration velocities between channels.

More MMCs were recorded in the patient group, and the resulting small bowel

migration velocity is more in keeping with other reported values (Kellow JE,1986).

Although a significant difference was demonstrated in small bowel phase III

contraction frequencies between the groups, the actual differences were small and

may not be relevant.

A greater number of phasic bursts were recorded in the patient group. Acute stress

is known to decrease antral phasic pressure activity after feeding, slow gastric

emptying and induce premature duodenal MMC phase III type activity (Thompson

DG, 1982a). It is therefore possible that phasic bursts may be related to pre-operative

stress. Volunteer studies were carried out in the home environment, which should be

less stressful than a hospital setting, and may explain the reduced number of recorded

phasic bursts.

85



Fasting gastric acid secretion

Measurement of gastric acid secretion and intragastric acidity may be carried out by

gastric aspiration or pH monitoring. The use of intragastric electrodes allows

ambulant recording of intragastric pH and produces good correlation with aspiration

recordings (Savarino V, 1987).

Gastric pH shows the greatest variability in the nighttime period. Acid secretion is

known to fall at night which may make gastric acid measurement difficult, but this

does not appear to be a problem (Moore JG, 1970). The median fasting gastric pH for

all patients did not vary significantly overnight and is similar to reported normal

overnight fasting gastric pH values. There was a wide range in individual pH values

(1.1 - 6.2), but this appears to be within normal limits as reported by Feldman and

Barnett. In 365 healthy subjects, they measured the average basal pH at 2.16 ± 0.09 in

men and 2.79 ± 0.18 in women. However, the upper 95% confidence interval for

normal fasting pH was 5.09 in men and 6.81 in women (Feldman M, 1991).

Other pre-operative gastric pH studies in cholecystectomy patients have produced

varying results. Gastric pH has been elevated in some pre-operative studies (Svennson

JO, 1986), while others have found no difference (Brown TH, 1989). Intragastric

acidity is altered by many factors, including dietary intake, salivary secretion, gastric

acid secretion, the mucosal bicarbonate secretion, the rate of gastric emptying and

duodenogastric reflux of alkali. Alkaline duodenogastric reflux is considered to be

responsible to some extent for these reported differences. Significant variations in

nocturnal gastric pH values are known to occur in volunteer studies for 5% of their

recording time, with high concentrations of bile acids being found in gastric juice

86



towards the end of sleep (Gotthard R, 1985; Cilluffo T, 1990; Mattioli S, 1990). This

may be more significant in patients with a nonfunctioning gallbladder who have lost

their gallbladder reservoir, thus increasing the chance of bile reflux, and may explain

the high gastric pH recorded in some of the patients in this study (Cheadle WG,

1984).

In summary, this chapter has demonstrated that pre-operative gastrointestinal

motility and gastric acid secretion are normal in patients about to undergo

cholecystectomy. While some differences may exist compared with reported fasting

motility values, these are small and may be attributed to differences in the

methodologies of recording and analysis.
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Chapter 5

Post-operative Gastrointestinal Pathophysiology:

its association with post-operative nausea and vomiting
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Introduction

As outlined in Chapter 1, vomiting, and the attendant risk of gastric content

aspiration, remains one of the major causes of post-operative morbidity and

mortality following general anaesthesia (Bynum LJ, 1976; Clifton BS, 1963;

Medicare Audit, 1992). Despite the potentially serious complications associated with

postoperative nausea and vomiting, there is a paucity of data relating to the

underlying gastrointestinal pathophysiology.

This chapter aims to compare conventional observer symptom assessment of

post-operative nausea and vomiting against objective measurements of motor

function and gastric pH by investigating the following in a large group of patients

undergoing elective cholecystectomy;

1. attendant observer recordings of vomiting, duration and severity of nausea,

patient general well being, and haemodynamics,

2. objective post-operative analysis of "the motor correlates of post-operative

emesis", using the microcomputer programme described in Chapter 3, and

3. the contribution of GI dysmotility to postoperative gastric pH changes

following surgery.
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Materials And Methods

Study group

Post operative recordings were obtained from twenty of the original twenty four

patients entered into the study. The patients comprised of six men (average age 55

years [44 - 65 range]) and 14 women (average age 49 years [28 - 72 range]) with

gallbladder disease, confirmed on ultrasound. Past medical history was as described

in Chapter 4.

Anaesthetic regime

A standard regime was used for all patients (Table 5.1). Temazepam was given as

a pre-medication without any anticholinergic agent. Anaesthesia was induced by

intravenous propofol or thiopentone and maintained using a nitrous oxide/enflurane

mixture. Alcuronium was used for muscle relaxation, and was reversed at the end of

the operation by neostigmine and atropine.

Analgesia during surgery was provided using fentanyl at induction followed by

50 pig boluses during surgery. Post-operative analgesia was obtained either by

intramuscular injection of 10 mgs morphine 3-4 hourly, or by a patient controlled

analgesia (PCA) pump of morphine (1 mg/ml) in 4 patients undergoing open

cholecystectomy. The timing of all post operative medication was carefully

documented.
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Table 5.1 Standardised Anaesthetic Regime

Premedication

At induction

Induction agent

Analgesia

Antibiotic

Anti-emetic

Per-operative

Maintenance

Analgesia

Muscle relaxation

Reversal

Post-operative

Analgesia

Anti-emetic therapy

Temazepam 20 mgs, at least one hour preoperatively

Propofol up to 2.5 mg kg"1 (or Thiopentone 100 - 350 mgs)

Fentanyl 3 - 5 pg kg"1

Cefuroxime 750 mgs IV

Ondansetron 8 mgs IV/ placebo

60% Nitrous oxide / 1-2% Enflurane

50 pg Fentanyl boluses

Atracurium 0.3 - 0.6 pg kg"1

Atropine 0.6 - 1.2 mgs and neostigmine 2.5 mgs

Morphine Sulphate 10 mgs 1M 3-4 hourly as required

(or PCA 1 mg boluses of Morphine Sulphate 1 mg ml"1)

Prochlorperazine 12.5 mgs IM on demand
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Anti-emetic therapy

Ondansetron 8mgs IM was given prophylactically at the time of induction in 9

patients. Prochlorperazine 12.5 mgs IM was available as a rescue anti-emetic

post-operatively on patient request.

Surgicalprocedures

All patients underwent cholecystectomy alone, six by open surgery and 14 by the

Dundee laparoscopic technique (Nathanson LK, 1991).
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Post operative monitoring

Patient assessment recommenced on recovery, when the patient first responded to

a spoken command, and was continued for 24 hours. No patient received oral

feeding during this period. Up to 50 mis of water were permitted if the patient was

thirsty.

Symptom Evaluation

Nausea and patient general wellbeing were assessed (using 11 point visual

analogue scales of 0 - 10) for 6 hours by an attendant observer, and hourly for the

remainder of the 24 period, with the assistance of nursing staff (Figure 5.1). The

number and timing of retching and emetic episodes were also recorded.

Figure 5.1 Linear analogue scales used to assess nausea

and general well-being

No nausea

Never felt so awful

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10

Never felt so sick

Never felt so well
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Clinical monitoring

Pulse rate and blood pressure were recorded at 15 minute intervals after recovery

from anaesthesia for 2 hours and thereafter at hourly intervals. If asleep, recordings

at night were performed every 4 hours.

Manometric and gastric pH recordings

Cholangiography performed during surgery allowed confirmation of sensor

positions in the gastric antrum, descending duodenum and proximal jejunum. On

recovery from surgery, the Gaeltec intraluminal solid-state strain gauge manometric

catheter and antimony pH probe were reconnected to the Synectics 4 megabyte

microdigitrapper. Pre-operative recordings had been downloaded to the

microcomputer during surgery and fresh batteries inserted. Intra-operative

monitoring was impractical due to diathermy interference.

At the end of the study period, calibration of the transducers was checked using a

water column to confirm a 50 mmHg pressure rise. The pH probe calibration was

checked using buffer solutions (pH 1.07 and 7.01) to check for drift.

Study completion

At the end of the study the catheter was retrieved by gentle traction and data

downloaded to computer for display and analysis. No patient found the apparatus

unduly uncomfortable during post-operative studies.
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Data analysis

Symptom assessment

i) Nausea

Assessment of the duration and severity of nausea were made at 15 minute

intervals for 6 hours from the time of recovery from anaesthesia, and hourly

thereafter when awake.

ii) General well-being

A global assessment of general well-being was made on recovery and hourly

thereafter.

iii) Retching and Vomiting

Retching was defined as an attempt to vomit without expulsion of stomach

contents through the mouth. Vomiting occurred when gastric contents were

expelled. Any bouts of retching or vomiting separated by at least one minute

were defined as separate episodes.

Clinical recordings

Pulse and mean blood pressure recordings were entered by time periods into a

database which included symptom scores and emetic events. Mean blood pressure

was calculated as diastolic pressure plus a third of the diastolic/systolic difference.
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Manometric and gastric pH analysis

After each recording, digitised data were downloaded to an Elonex PC-433

microcomputer and converted to allow display and analysis of motility signals in

separate channels using Motil-Lab. Each study recording was permanently archived

on floppy disk, and hard-copy recordings of motility tracings obtained on a total of

25 x A4 pages (296 x 210 mm) for each 24 hour interval.

Motility recordings were analysed using the microcomputer programme described

in Chapter 3 for the following assessment points:

1. The time taken to return to normal fasting activity in each channel, as

identified by the onset of phase III of the migrating motor complex (MMC),

2. The presence and direction of contractile burst migration,

3. The contraction characteristics of these bursts, and

4. The association of retrograde phasic contractile bursts with emesis.

Mean hourly gastric pH levels were separately measured using Multigram as for

the pre-operative recordings. Changes associated with retrograde migrating

contractile bursts and emesis were assessed by measurements taken 5 minutes before

and after each event.
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Statistics

Descriptive statistics included the mean and standard error, and median and

interquartile range for parametric and non-parametric data respectively. Between

group differences were assessed by Student's t-test for paired or unpaired parametric

data and the Mann-Whitney U test or Wilcoxon rank sum test for non-parametric

data. Analysis of variance (ANOVA) was used to compare symptom and clinical

observations, fitting time periods as a variable.

97



Results

Four of the 24 post-operative studies were lost or discarded, one for each of the

following reasons:

1. anaesthetic protocol violation,

2. poor catheter/datalogger connection,

3. sensor failure, and

4. patient removal of the catheter assembly during recovery.

Motility recordings were available from 20 patients (14 females) for further

analysis. Loss of one duodenal sensor recording, and pyloric type motility in 3 other

duodenal recordings prevented analysis of phasic contraction migration. Intragastric

pH changes were measured in 13 patients for the 24 hour post-operative period.

Symptom assessment

Retching and emetic events

Retching or emetic episodes were recorded in 13 patients (10 females). A total of

22 retching episodes (range 1 - 5; median 2 [1 - 2 IQR]) were observed in 10 patients

and 52 emetic events (range 1-12; median 3.5 [3 - 5]) in 12 patients. Bile was noted

by observers in all vomitus. Over 77 % of retching (17 of 22) and 76% of emetic

(40 of 52) events occurred within 12 hours of recovery (Figure 5.2). Distribution of

events by time of day showed over 77% of retching (17 of 22) and 75% of emetic

(39 of 52) events occurred between midday and midnight (Figure 5.3).
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Figure 5.2 Distribution of retching and emetic events over the 24 hour

recovery period. Over 76% of events occurred within the first 12 hours.
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Figure 5.3 Real time distribution of retching and emetic events.

75% of emetic events occurred between midday and midnight.
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Nausea

Nausea was recorded for a total of 30 hours 48 minutes in 17 patients (range 2 -

465; median 84 [28 - 135] minutes). Most nausea occurred within the first 12 hours

of recovery; 33.5% [619 mins] by 2 hours, 55.5% [1026 mins] by 6 hours and 66.4%

[1186 mins] by 12 hours (Figure 5.4). Nausea severity was unrelated to duration

(p = 0.4; Pearson Moment Product, Figure 5.5).

Four patients experienced nausea without retching or vomiting. Less nausea was

experienced by these patients (Total duration 63 minutes ; range 2-35; median 13

[3.5 - 28] minutes) compared with patients who retched or vomited (Total duration

1785 minutes; range 24 - 465; median 105 [51 - 160] minutes; p < 0.01,

Mann-Whitney U test).

General well being

General well being scores fell immediately following surgery (8.0 [±0.4 SE]

baseline vs 4.5 [± 0.5 SE] recovery), but rose quickly within 5 hours of recovery and

approached pre-operative levels by 24 hours (Figure 5.6). Patients who did not vomit

reported higher scores (7.6 [± 0.2 SE] no vomiting vs 6.3 [+ 0.1 SE] vomiting;

p < 0.001, ANOVA: time period as covariable) (Figure 5.7). Lower scores were

recorded at the times of emesis (5.7 [+ 0.3 SE] emesis vs 6.9 [± 0.1 SE] no emesis;

p<0.001, ANOVA). Well being was negatively associated with nausea severity

(p < 0.001; - 0.3, Pearson Product moment test, Figure 5.8).

Female patients felt less well (6.5 [+ 0.1 SE] females, vs 7.4 [+ 0.2 SE] males;

p < 0.001, ANOVA), even allowing for emetic events. Male patients felt less well
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when they vomited ( Females: 6.6 [+0.1 SE] no emesis, 5.8 [± 0.4 SE] emesis vs

Males: 7.6 [± 0.2 SE] no emesis, 5.2 [± 0.6 SE]; p < 0.05, ANOVA: sex and emesis

as covariables).

Figure 5.4 Total hourly duration of nausea experienced by patients.

Hours post-op 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Total durationH 300 319 83 86 114 124 43 54 15 18 25 5 6 40 63 65 91 115 87 105 90

Figure 5.5 Median duration and severity score of patients reporting nausea
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Figure 5.6 Mean general well being scores for all patients over 24 hours.
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Figure 5.7 General well being scores for patients based on emesis.
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Figure 5.8 Mean nausea severity score general well being

GWB Score 1 2 3 4 5 6 7 8 9 10

Mean Nausea Score d 10.00 4.00 0.25 1.17 2.22 1.04 0.87 0.80 0.51 0.00

Clinical Monitoring

Pulse Rate

An average pulse rate of 75 [± 1 SE] beats per minute was recorded for all patients

over the 24 period. Post-operative values by time periods were similar to the

pre-operative baseline recordings, and did not vary over the 24 hour period.

Mean bloodpressure

Mean blood pressure varied significantly following surgery (p < 0.001; ANOVA).

Blood pressure initially rose from preoperative baseline values, fell over the first 2

hours and reached stable levels by the fourth hour (Figure 5.9). No significant

variation was observed with nausea severity, general well being, emesis or sex of the

patient.
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Figure 5.9 Mean blood pressure recordings over the 24 hour recovery period.

Recordings stabilised after the first 4 hours.
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Post-operative Manometric Recordings

Sensor drift

Sensors were recalibrated for a 50 mmHg rise and a pH difference of 6 in

9 patients following removal of the manometry catheter at the end of the study.

A mean pressure difference of 49.2 [+ 1.2 SE] mmHg and a mean pH difference of

5.8 [+ 0.1 SE] were recorded.

Return ofmotor activity

Following surgery, motility was disturbed and frequent bursts of contractions,

which resembled phase III of the MMC were observed. Microcomputer analysis

identified 372 phase III activity fronts in 15 patients (69 gastric, 155 duodenal, 148

jejunal). In two patients phase III activity was found in the stomach and jejunum, but

not in the duodenum (Table 5.2). Migration of 17 and 64 phase III bursts occurred

from stomach to duodenum, and duodenum to jejunum respectively. Only 6 bursts

migrated from stomach through duodenum to jejunum in 4 patients (Table 5.3).

Time to onset of fasting phase III activity varied greatly between patients

(stomach 17 mins - 20 hrs 3 1 mins; duodenum 23 mins - 16 hrs 47 mins; jejunum

7 mins - 7 hrs 14 mins). Median time to onset decreased aborally (stomach 519

[38 - 1005] mins; duodenum 378 [67 - 665] mins; jejunum 45 [ 19 - 111] mins:

p < 0.03 jejunum vs duodenum and stomach, Mann-Whitney U test).
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Table 5.2 Number of post-operative MMC Phase III by channel and patient

as identified by computer

No. of phase III activity fronts

Patient No Stomach Duodenum Jejunum

3 4 10 12

4 6 6 12

7 6 12 11

8 1 6 11

9 1 0 5

11 6 2 6

14 2 3 7

15 2 32 10

18 0 36 40

19 6 0 1

20 6 8 10

21 5 3 3

22 7 5 8

23 17 6 10

24 0 26 2
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Table 5.3 Number of post-operative MMC Phase III migrating between

channels by patient as identified by computer

No. of migrating phase III activity fronts

Patient No Stomach to Duodenum to Stomach to

Duodenum Jejunum Jejunum

3 2 2 0

4 1 0 0

7 5 5 0

8 1 3 1

9 0 0 0

11 0 2 0

14 0 1 0

15 1 5 0

18 0 35 0

19 0 0 0

20 1 2 1

21 0 1 0

22 1 2 1

23 5 4 3

24 0 2 0
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As demonstrated in the preceding results, microcomputer analysis of phase III

activity fronts demonstrated poor migration and irregular occurrence. Also on visual

inspection, these post-operative contractile bursts were rarely preceded by irregular

phase II activity and could migrate retrogradely as well as aborally. Because of these

abnormalities, contractile bursts identified by microcomputer as phase III fronts

have been included in the analysis of small bowel phasic bursts.

Small bowel Phasic Bursts

A total of 1260 phasic bursts (513 duodenum, 747 jejunum) were identified in all

post-operative motility studies recordings. An average of 32 (range 6 - 59) duodenal

and 37 (range 11 - 59) jejunal bursts were recorded per patient. Duodenal and jejunal

phasic bursts were of similar duration, but contraction frequency was higher and

amplitude lower in the jejunum (Table 5.4).

Comparison with pre-operative MMC phase III

Post-operative phasic bursts were of similar duration and mean amplitude, but of

lower contraction frequency and shorter periodicity when compared with

pre-operative MMC phase III results. Antegrade migration velocity between small

bowel channels was similar (Table 5.5).
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Table 5.4 Post-operative phasic burst contraction characteristics

(Median [IQR])

Duodenum

(n = 513)

Jejunum

(n = 747)

p value*

Burst Duration 5.56 [3.3-7.38] 5.65 [3.52 - 7.64] 0.09

(minutes)

Contraction Frequency 8.1 [6.2-9.4] 8.3 [6.9-9.9] <0.001

(waves/minute)

Contraction Amplitude 32.0 [25.0 -44.0] 25.5 [21.1 - 33.3] <0.001

(mmHg)

Periodicity 31.4 [22.6 -40.5] 29.3 [19.5-38.7] <0.05

(minutes)

* Mann-Whitney U test
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Table 5.5 Comparison of pre-operative MMC phase III

v.y post-operative phasic burst contraction characteristics.

(Median [IQR])

MMC phase III Phasic Bursts p value*

Burst Duration

Duodenum

Jejunum

5.89 [4.0-7.96] 5.56 [3.3 - 7.38] 0.06
6.29 [3.78 - 7.65] 5.65 [3.52 - 7.64] 0.43

Contraction Frequency
Duodenum 10.2 [9.5 - 10.8] 8.1 [6.2-9.4] <0.001

Jejunum 10.1 9.5 - 10.6] 8.3 [6.9 - 9.9] < 0.001

Contraction Amplitude
Duodenum 33.1 [25.4 - 39.3] 32.0 [25.0 - 44.0] 0.99

Jejunum 24.7 [22.4 - 30.2] 25.5 [21.1 - 33.3] 0.92

Periodicity

Duodenum

Jejunum

75.6 [41.8 - 131.4] 31.4 [22.6 - 40.5] <0.001
74.7 [42.5 - 104.1] 29.3 [19.5 - 38.7] <0.001

Antegrade Migration

Velocity (cms/min)

5.3 [3.5-8.1] 5.6 [3.3-9.5] 0.6

*Mann-Whitney U test
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Association ofmigration with emesis

A total of 417 isolated or stationary and 347 migratory small bowel phasic bursts

occurred in 16 patients with duodenal and jejunal recordings. Most phasic burst

migration was antegrade (302 antegrade, 45 retrograde). Retrograde migration was

more frequent in patients who vomited (35 retrograde bursts occurred in 9 patients

who vomited vs 10 retrograde bursts in 7 non-vomiters; p<0.05, Student's t test).

Eighteen retrograde bursts were intimately associated with emetic events

(Figure 5.10).

Figure 5.10 Retrograde phasic activity preceding an emetic event.
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Post-operative gastric pH recordings

Post-operative gastric pH recordings were available from 13 patients. Mean gastric

pH during the 24 hour recovery period was higher than pre-operative fasting levels

(pre-op pH = 2.9 [± 0.4 SE] vs post-op pH = 4.7 [± 0.5 SE]; p< 0.01, Student's t

test). Gastric pH values started to fall after 9 hours, but failed to reach pre-operative

levels by the end of the study period (Figure 5.11). Mean gastric pH levels were

lower for 8 patients who vomited, but did not reach statistical significance (pH = 4.7

[± 0.2 SE] vomiters vs 5.3 [± 0.2 SE] non-vomiters; p = 0.06, Mann-Whitney u test).

Association with retrograde migration and emetic events

Complete motility recordings were obtained from 10 patients. Twenty two

retrograde migrating contractile bursts not associated with emesis were recorded in

6 patients. Gastric pH changes associated with these bursts demonstrated a

non-significant rise in gastric pH (pre-burst pH 4.7 [+ 0.4 SE] vs post-burst pH 5.0

[± 0.4 SE]; p = 0.25, Wilcoxon rank sum test).

Gastric pH fell after 34 bile vomiting episodes in 5 patients (pre-emesis pH 5.2

[± 0.5 SE] v.v post-emesis pH 4.8 [± 0.4 SE]; p < 0.002, Wilcoxon rank sum test,

Figure 5.12).
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Figure 5.11 Median gastric pH over the 24 hour period.

Values fell after 9 hours. (Bars = interquartile range)

Hours post-op

Figure 5.12 Gastric pH values before and after 34 emetic events.

Values fell after vomiting (p < 0.002; Wilcoxon rank sum test)
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Discussion

To date research of emesis has mainly examined animal neurophysiology and the

central control of the emetic reflex (Andrews PLR, 1990). Until recently, difficulties

in objective assessment of emesis in humans have confined research to studies of

symptomatology or associated autonomic dysfunction (Andrews P, 1990; Cubeddu

LX, 1990; Priestman TJ, 1989).

The gastrointestinal tract has been described as the final common pathway for

emesis in animals (Akwari OE, 1983). Early radiological studies of animal

gastrointestinal motility during emesis demonstrated both gastric and small intestinal

reverse peristalsis (Cannon WB, 1902; Alvarez WC, 1925). More recently,

myoelectric studies of chemotherapy-induced emesis in animals have demonstrated

gastroduodenal retroperistalsis, with disorganisation of the gastric myoelectric

pacesetter potential (Akwari OE, 1975).

Because of the unpredictable nature of emesis, reports of human gastrointestinal

motility associated with emesis have been limited to single cases (Thompson DG,

1982b; Malagelada J-R, 1986; Wingate DL, 1987). Post-operative vomiting is one of

the most common and more predictable clinical causes of emesis, thus lending itself

to detailed study. This chapter has compared conventional observer symptom

assessment of post-operative nausea and vomiting against objective measurements of

upper gastrointestinal dysmotility and gastric pH.
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Symptoms

Nausea and vomiting

Post-operative nausea and vomiting is most common in the first 24 hours

following surgery (Medicare Audits Ltd, 1992). In this study, two periods of emesis

were identified, the first occurred within the first 12 hours, and the second smaller

peak in the last 6 hours of the study. This distribution was also reflected in the

duration of nausea. Nausea severity, however, did not show this distribution, as

patients could feel mildly nauseated for lengthy periods or extremely nauseated for

short periods of time.
0

In the post-operative period there are a number of emetogenic factors, such as

pain, analgesics and anaesthetic agents that could induce emesis. As pain is

controlled by analgesia throughout the 24 hour period, anaesthetic agents are likely

to be responsible for the initial peak in emesis. Pain or analgesia may induce the

smaller second peak. However, when the distribution of retching and vomiting was

examined by real time, only 2 retches and 4 emetic events occurred between 11 pm

and 6 am, indicating that patient awareness of nausea is reduced at night.

General well being

Patient general well being was lowest immediately following surgery, and was

similar between vomiters and non-vomiters at this time. Operative factors, such as

anaesthetic agents or pain, may therefore be mainly responsible for patients feeling

poorly on recovery from surgery. After recovery, however, well being scores were

consistently lower in vomiters for the remainder of the 24 hour study period.

Differences in general well being were most marked in the first 9 hours and the last 6
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hours when emesis occurred and was reflected in an inverse correlation with high

nausea severity scores.

Clinical Monitoring

Pulse Rate

Tachycardia and bradycardia occur with nausea and vomiting respectively and

represent autonomic function secondary either to stress associated with nausea, or to

a vagal reflex from intrathoracic pressure changes during emesis (Barnes JH, 1984).

In the current study pulse rate did not show any great variation with emesis, nor was

tachycardia noted with nausea. This is likely to be due to the set recording times,

which may not necessarily have coincided with emetic events or severe nausea.

Mean Blood Pressure

Peri-operative stress may account for elevated pre-operative and immediate

post-operative mean blood pressure levels. After recovery, lower pressure recordings

remained stable, and would support the assumption that higher peri-operative blood

pressure may be due to stress, although recovery in the supine position and

post-operative analgesia may also have lowered blood pressure. As with pulse rate,

the lack of blood pressure variation is likely to be due to set recording times not

coinciding with nausea or vomiting events.
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Manometry

Return ofmotor activity

Return of motor activity showed marked variation between patients and recording

site. The microcomputer programme identified MMC phase III activity by a

minimum of 9 contractions in a 2 minute burst (Waldron B, 1992). Some

post-operative contraction bursts satisfied these criteria, but observer interpretation

considered these to be phasic bursts due to retrograde migration, lack of phase II

activity and a shorter periodicity with adjacent phasic bursts. The lack of

co-ordinated migration between channels supports the observer interpretation of

incorrect labelling of MMC phase III activity. Normally all gastric phase III activity

migrates into the duodenum, yet in this study only 6 of 69 gastric phase III fronts

migrated distally.

The presence of contractile activity at all sites demonstrates that post-operative

ileus is a functional problem and is not due to adynamic bowel. On average, gastric

motor activity returned within 9 hours following surgery. Failure of coordinated

antegrade migration of gastroduodenal contractile bursts may explain why

post-operative gastric emptying may take up to 24 hours to recover.

Small bowel phasic hurst activity

Phasic burst activity was frequent, occurring at 30 minute intervals at both small

bowel sites, unlike normal pre-operative fasting activity. Microcomputer

measurement of phasic burst contraction characteristics demonstrated shorter

duration, lower contraction frequency and shorter periodicity when compared with

pre-operative MMC phase III. Previous recordings of post-operative motility
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recordings labelled contraction bursts as MMC phase III type activity (Schurizek

BA, 1989a). Failure to recognise a difference between these bursts and pre-operative

fasting phase III activity may have been due to short recordings and visual

interpretation of recordings. In a separate paper, Schurizek noted that the duration of

post-operative phase II was reduced and considered that opioids may have

contributed to a reduction in the duration of the interdigestive motility complex

(Schurizek BA, 1989b). Thus, in short recordings, phasic bursts may appear visually

similar to fasting activity, and the difference in contraction characteristics not fully

appreciated.

The association between retrograde migration of phasic bursts and emesis differs

from previous motility reports associated with vomiting. The 'motor correlates of

emesis' described in dogs comprise of retrograde migration of a giant contraction,

beginning in the small bowel and propagating orad into the gastric antrum

immediately before apomorphine-induced emesis, followed by aborally migrating

lower small bowel phasic contractions (Lang IM, 1986). Although a large-amplitude

retroperistaltic wave has been noted in one patient immediately preceding

spontaneous vomiting (Thompson DG, 1982b), post-operative recordings

demonstrated retrograde migration of phasic bursts, not retrograde giant waves.

These motility pattern differences may be due to the different causes of emesis in

each study. Multiple emetogenic factors are present following surgery, such as the

type of surgery, anaesthetic agents, patient predisposition to emesis and

post-operative analgesics. In addition, some patients may be less susceptible to

emetogenic factors and thus only experienced post-operative nausea, occasionally for

prolonged periods.
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Not all retrograde phasic bursts occurred with emesis. Lang demonstrated that

cholecystokinin octapeptide could induce the gastrointestinal correlates of emesis in

dogs, without inducing vomiting. It may be that nausea is also associated with

retrograde phasic burst migration, but because of the duration of nausea and its

association with some emetic events, it was not possible in this study to establish a

relationship between nausea alone and retrograde phasic burst migration.

Post-operative gastric pH

Gastric pH recordings on recovery were higher than pre-operative levels, and

remained elevated for the whole of the 24 hour study period. Previous studies have

reported similar findings, but concluded that this may be due to inhibition of gastric

acid secretion (Cheadle WG, 1984; Schurizek BA, 1991). The findings in this study,

however, suggest that enterogastric reflux of bile may make a significant

contribution to the gastric pH rise. Retrograde migration of phasic bursts was

associated with a small rise in gastric pH, and post-operative vomiting was

associated with a significant fall in gastric pH as bile was ejected from the stomach.

Bile salt reflux is known to be increased both immediately after cholecystectomy

and 6 weeks following surgery (Brown TH, 1989; Muller-Lissner SA,1987).

Removal of the gallbladder reservoir results in a continuous flow of bile into the

duodenum, and will increase the chance of enterogastric bile reflux. Increased bile

reflux has also been reported before surgery in patients with a nonfunctioning

gallbladder (Cheadle WG, 1984; Svennson JO, 1986).
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In addition to an increased flow of bile into the duodenum, impaired

gastroduodenal motility may also contribute to retrograde bile shifts.

Post-operatively, gastric pH started to fall after 9 hours, when gastric antral motility

returned. However, lack of coordinated gastroduodenal migration may fail to empty

bile from the stomach completely, and thus may be responsible for the persistent

elevation of gastric pH throughout the study period, although supression of acid

secretion cannot be excluded.

In summary, this chapter shows that gastrointestinal motility and gastric pH are

abnormal following surgery. Emesis is most common in the first 12 hours following

recovery and is associated with retrograde migration of phasic bursts, which

probably contributes to enterogastric reflux of bile. Emesis empties the stomach of

bile as demonstrated by bile vomiting and a fall in gastric pH.

Symptoms of nausea and vomiting and abnormal gastrointestinal function may be

influenced by a number of peri-operative factors. The method of surgery and use of

prophylactic anti-emetic therapy on these findings are examined in the following

chapter.
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Chapter 6

Effects of prophylactic antiemetic therapy and surgical method
on post-operative gastrointestinal motility and emesis
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Introduction

As described in Chapter 1, the aetiology of post-operative nausea and vomiting is

complex, but anaesthetic, surgical and postoperative conditions are recognised as

major contributing factors.

It was suggested as early as 1899 that extensive gastric manipulation may

contribute to post-operative vomiting (Blumfeld J, 1899). Recent research would

support this proposal. The enterochromaffin cell is a detector for noxious stimuli and

releases neurotransmitters, including 5-hydroxytryptamine (5HT), in response to

mucosal stroking, acid and other irritants (Lee KY, 1985; Grundy DG, 1989).

Afferent vagal nerve fibres are stimulated by 5HT and relay to the vomiting centre,

via the brain stem, resulting in emesis (Carpenter DO, 1990).

Clinical studies have demonstrated that 5HT3 (5-hydroxytrypiamine, subtype 3)

receptor antagonists are more effective than other standard antiemetics in preventing

post-operative emesis, indicating that 5HT release is a significant cause of

post-operative emesis (Kaufmann MA, 1994; Pearman MH, 1994). 5HT3 receptor

antagonism also affects gastrointestinal motility. It slows colonic transit in volunteer

studies and inhibits the premature onset of migrating motor complexes induced by

motilin in dogs (Itoh Z, 1991; Talley NJ, 1990).

Chapter 5 examined upper gastrointestinal pathophysiology associated with

post-operative nausea and vomiting following cholecystectomy, using a standardised

anaesthetic regime to eliminate confounding anaesthetic effects. Administration of

an anti-emetic with 5HT3 antagonist properties should reduce post-operative emesis

and may alter gastrointestinal function. The method of surgery may also affect the
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release of 5HT. Laparoscopic surgery involves minimal gastrointestinal

manipulation and should decrease the release of 5HT, resulting in less nausea and

vomiting.

To investigate this hypothesis, this chapter compares ondansetron, a potent 5HT3

receptor antagonist and antiemetic, administered at anaesthetic induction, against

placebo (normal saline) in a double blind study. In addition, to investigate the effect

of intestinal manipulation and the subsequent release of 5-hydroxytryptamine,

comparison was also made between patients undergoing conventional open surgery

and patients undergoing laparoscopic cholecystectomy, when handling of the gut is

minimal.

The following assessment end points were used to investigate the effects of

anti-emetic therapy and operative methods:

i) observer recordings of vomiting, duration and severity of nausea, patient

general well being, and haemodynamics,

ii) microcomputer analysis of "the motor correlates of post-operative emesis",

and

iii) gastric pH changes following surgery.
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Materials And Methods

The study group, anaesthetic regime and monitoring methods have already been

described fully in Chapter 5. Details of post-operative anti-emetic therapy, emesis

and analgesia for each patient are listed in Table 6.1.

Data analysis

Analysis of symptoms, clinical measurements and manometric and gastric pH

recordings was carried out on results grouped by ondansetron or placebo

administration, and by method of operation. Comparison of end points as described

in Chapter 5 were used to assess the effect of prophylactic anti-emetic therapy, or

operation, on symptoms, clinical measurements, manometric and pH results.

Statistics

Descriptive statistics included the mean and standard error, and median and

interquartile range for parametric and non-parametric data respectively. Between

group differences were assessed by Student's t-test for paired or unpaired parametric

data, and the Mann-Whitney U test for non-parametric data. Analysis of variance

(ANOVA) was used to compare symptom and clinical observations, fitting time

periods as a variable.
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Table 6.1 Patient details, method of surgery, antiemetic therapy, emesis

and analgesia after operation

Patient
Number

Sex

/age
Type of

operation
Ondansetron

therapy
Doses of
Rescue

antiemetic

No of
emetic

(retching)
events

Total post
operative
morphine

(mgs)

3 F 59 Lap No 1 4(2) 20

4 F 28 Open No 1 4 35

5 F 29 Open Yes Nil 0 49 (PCA)

6 F 58 Lap No 1 (1) 30

7 F 34 Lap No 2 5(4) 10

8 F 35 Open Yes Nil 0 65 (PCA)

9 F 44 Lap Yes 2 3(2) Nil

11 M 53 Lap No 1 7(2) Nil

12 M 64 Lap Yes 3 1(2) 20

13 F 72 Lap No 1 3(2) 10

14 F 66 Lap Yes 1 3(5) 20

15 F 43 Open Yes Nil 0 60

16 F 69 Lap No Nil 2 20

18 M 56 Lap Yes 1 3(1) 20

19 M 44 Open No Nil 0 66 (PCA)

20 F 35 Lap No 2 5 10

21 F 53 Open Yes Nil 0 87 (PCA)

22 F 55 Lap No 3 12(1) 20

23 M 65 Lap No 1 0 10

24 M 49 Lap Yes Nil 0 20
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Results

Anti-emetic Therapy

Nine patients received 8 mgs of intravenous ondansetron and 11 patients received

placebo at induction. Rescue therapy (prochlorperazine 12.5 mgs) was administered

20 times in 13 patients (4 patients receiving ondansetron [7 doses] vs 9 patients

receiving placebo [13 doses]; p < 0.05, Chi2 test). The average time to rescue was

7 hours 8 minutes in ondansetron patients and 3 hours 8 minutes in placebo patients.

Effects ofondansetron therapy

Symptom assessment

1) Retching and emetic events

Significantly fewer emetic events were recorded in patients who received

ondansteron (ondansetron: 10 vomits in 4 patients W placebo: 42 vomits in 8

patients; p < 0.05, Mann-Whitney U test). Over 80% of emetic events occurred

within 12 hours of recovery in patients receiving placebo compared with 60% in

ondansetron treated patients. A similar number of retching events were recorded

between the patients who received ondansetron or placebo (ondansetron: 10 retches

in 4 patients vs placebo: 12 retches in 6 patients; p = 0.84, Mann-Whitney U test).

Retching occurred earlier in patients who received placebo (ondansetron: 60% in

first 12 hours vs placebo: 92% in first 12 hours, Figure 6.1).
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Figure 6.1 Retching and emetic events after ondansetron and placebo.

Fewer vomiting episodes occurred following ondansetron administration,

and less retching occurred in the first 12 hours of recovery.
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2) Nausea

One of 9 patients receiving ondansetron and 2 of 11 patients receiving placebo

were free from post-operative nausea.

Nausea was experienced for a similar duration by patients treated with either

ondansetron or placebo. Of the 30 hours 48 minutes of nausea recorded in 17

patients, 14 hrs 11 minutes was recorded in 8 patients receiving ondansetron and

16 hrs 37 minutes in 9 patients receiving placebo (ondansetron: 28 minutes/patient

[5 - 135 IQR] vs placebo: 84 minutes/patient [24 - 120 IQR]; p = 0.6,

Mann-Whitney U test).

Mean nausea severity score was also similar between patients receiving

ondansetron or placebo (ondansetron: 5.1 [± 0.5 SE] vs placebo: 5.8 [+ 0.3 SE];

p = 0.16, Student's t test), but was lower over the first 6 hours of recovery in patients

receiving ondansetron (ondansetron: 2.9 (+ 0.6 SE) vs placebo: 5.2 (+ 0.4 SE);

p< 0.01, Student's t test; Figure 6.2).

3) General Well Being

Higher general well being scores were recorded during the 24 hour recovery

period in patients who received ondansetron compared with placebo

(ondansetron: 7.1 [± 0.2 SE] vs placebo: 6.5 [± 0.1 SE]; p < 0.01, Student's t test).

Well being scores were lower following following emesis in both ondansetron and

placebo treated patients (ondansetron: emesis 6.6 [± 0.3 SE] vs no emesis 7.4

[± 0.2 SE]; p < 0.02, and placebo: emesis 6.2 [+ 0.1 SE] vs no emesis

7.9 [+ 0.3 SE]; p < 0.001, Student's t test). Patients who were sick after ondansetron

therapy felt as unwell as those receiving placebo (Figure 6.3).
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Figure 6.2 Mean nausea severity scores in the first 6 hours following

surgery by anti-emetic therapy.

Mean nausea severity
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Figure 6.3 Mean general well being scores by anti-emetic therapy

and emesis (bars = SEM)
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Clinical monitoring

1) Pulse rate

Overall pulse rate was similar following ondansetron therapy compared with

placebo (ondansetron: 76.1 [+ 0.7 SE] vs placebo: 74.6 [± 0.6] beats/minute;

p = 0.11, Student's t test).

The pulse rate was significantly lower in placebo treated patients who were sick,;

but not in patients who received ondansetron (ondansetron: emesis 74.7 [+ 1.2 SE]

vs no emesis 77.0 [± 0.8 SE] beats/minute, [p = 0.12, Student's t test] -

placebo: emesis 73.2 [± 0.7 SE] vs no emesis 80.0 [±1.1 SE] beats/minute,

[p < 0.001, Student's t test]). Ondansetron made no difference in pulse rate when

comparing emetic and non-emetic patients (Figure 6.4).

Figure 6.4 Overall pulse rate by in patients by emesis

and anti-emetic therapy (bars = SEM)
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2) Mean Blood Pressure

Overall mean blood pressure was similar between patients receiving ondansetron

or placebo (ondansetron: 96 [± 0.8 SE] vv placebo: 94 [+ 0.7 SE] mmEIg; p = 0.11,

Student's t test).

Mean blood pressure was higher in patients who were sick following ondansetron

prophylaxis but not after placebo (ondansetron: emesis 101 [± 1.1 SE] vs no emesis

92 [± 1.1 SE] mmHg, [p < 0.001, Student's t test]; placebo: emesis 93 [+ 0.8 SE]

vs no emesis 97 [+ 1.8 SE] mmHg, [p = 0.05, Student's t test]). Ondansetron treated

patients who were not sick had a lower mean blood pressure compared with those

who received placebo (p < 0.05, Student's t test), but higher mean blood pressure if

patients were sick (p < 0.001, Student's t test; Figure 6.5).

Figure 6.5 Mean blood pressure by anti-emetic therapy

and emesis (bars = SEM)
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Post-operative Gastrointestinal Manometry

Complete manometric recordings were obtained from 8 of the 9 patients who

received ondansetron, and from 8 of the 11 patients who received placebo

medication.

1) Return of motor activity

Analysis of fasting motility was restricted to the 16 complete motility recordings.

Fasting motility was absent in one patient following ondansetron administration. Of

the 372 phase III activity fronts identified in the remaining recordings, 195 phase III

activity fronts were recorded in 7 patients following ondansetron therapy (11 gastric,

106 duodenal, 78 jejunal), and 177 following placebo administration (58 gastric,

49 duodenal, 70 jejunal).

There was no significant difference in the time to onset of fasting activity in each

channel following ondansetron, but there were fewer gastric phase III activity fronts,

and therefore fewer migrating complexes between stomach and duodenum, in

ondansetron treated patients (Table 6.2).

2) Small Bowel Contractile Bursts

Of the 1260 phasic bursts identified in all 20 recordings by microcomputer

analysis, 588 were recorded in patients following ondansteron (266 duodenal, 322

jejunal), and 672 were recorded after placebo (247 duodenal, 425 jejunal). No

significant difference was observed in the average number of phasic bursts recorded

per patient treated with ondansetron or placebo (ondansetron; 33 (range 6 - 59)

duodenal and 36 (range 11 - 59) jejunal phasic bursts vs placebo: 31 (range 13 - 50)
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duodenal and 39 (11 - 59) jejunal phasic bursts [duodenal PBs - p = 0.74; jejunal

PBs - p = 0.7, Student's t test).

Duodenal and jejunal phasic burst duration and contraction amplitude were similar

after ondansetron or placebo administration, but both duodenal and jejunal phasic

burst contraction frequencies were lower following ondansetron treatment. Phasic

burst periodicity was similar in duodenal recordings, but shorter in jejunal

recordings of patients that received placebo treatment (Table 6.3).

3) Association of migration with emesis

Ondansetron therapy was associated with more antegrade and less retrograde

migration of phasic bursts. Of a total of 345 migrating phasic bursts recorded in

16 patients with complete duodenal and jejunal recordings, 175 antegrade (25 per

patient) and 17 retrograde phasic bursts (2.5 per patient) were identified in 8 patients

following ondansetron, and 125 antegrade phasic bursts (16 per patient) and 28

retrograde phasic bursts (3.5 per patient) following placebo therapy (ondansetron vs
*

placebo: p < 0.05, chi2 test).
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Table 6.2 Post-operative fasting activity after Ondansetron or Placebo

(Median [IQR])

Ondansetron Placebo p value*

Time to Fasting Activity

(mins)

Stomach 1060 (350 - 1222] 376 (38 - 898] 0.2

Duodenum 110 (27 - 760] 410 (93 - 559] 0.9

Jejunum 52 (37.5 - 219.5] 19(17-45] 0.1

No. of MMC Phase 111

Stomach 2(1-5] 6(6-7] 0.01

Duodenum 6 [3 - 32] 7 [6 - 10] 0.9

Jejunum 6.5 (4 - 10.5] 10 (8 - 12] 0.3

No, of migrating MMC III

Stomach to Duodenum 0 [0 - 1] 1 (0.5 - 1] 0.02

Duodenum to Jejunum 2(1-5] 2(0.5-4] 1

Stomach to Jejunum 0(0-3] 1.5(0-1.5] 0.9

* Mann-Whitney U test
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Table 6.3 Post-operative phasic burst contraction characteristics.

Ondansetron vs Placebo (Median [IQR])

Ondansetron Placebo p value*

Burst Duration

Duodenum 5.7 [3.7-7.4] 5.3 [2.5 - 7.5] 0.06

Jejunum 5.6 [4.3 - 7.5] 5.6 [3.0-7.7] 0.05

Contraction Frequency
Duodenum 7.8 [5.9-9.0] 8.4 [6.8-9.7] <0.001

Jejunum 8.1 [6.5-9.4] 8.6 [7.1 - 10.1] <0.001

Contraction Amplitude
Duodenum 31.4 [25.9 - 41.6] 32.9 [21.1 - 48.6] 0.8

Jejunum 26.3 [21.1 - 34.8] 25.1 [21.0 - 32.0] 0.2

Periodicity

Duodenum 31.5 [23.6 - 38.1] 31.0 [20.6 - 43.5] 0.7

Jejunum 31.6 [22.9 - 38.6] 27.8 [16.5 - 38.9] <0.001

Antegrade Migration 5.9 [3.5 - 10.6] 5.2 [3.1 - 8.2] 0.07

Velocity (cms/min)

* Mann-Whitnev U test
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Effect ofAnti-emetic Therapy on Post-operative Gastric pH

Post-operatively, similar levels of gastric pH were recorded for all patients

irrespective of whether ondansetron or placebo was administered at induction

(Gastric pH: Ondansetron [5.2 + 0.2 SE] vs Placebo 4.7 [± 0.2 SE]; p = 0.11,

Student's t test; p = 0.09 ANOVA, fitted for time). Mean gastric pH started to fall

after 9 hours in both groups (Figure 6.6).

Figure 6.6 Post-operative gastric pH by anti-emetic therapy.

Both ondansetron and placebo therapy were associated with a gradual fall in

gastric pH after 9 hours.

Hours post-op
Ondansetron Placebo
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Duration ofSurgery

All patients underwent simple cholecystectomy (6 open, 14 laparoscopic

cholecystectomy). The mean duration of anaesthesia, from time of induction to

recovery, was similar between open and laparoscopic surgery (laparoscopic: 2 hrs

46 mins [± 12 mins SE] vs open: 2 hrs 11 mins [± 20 mins SE]; p = 0.14, Student's

t test). One operation was converted from a laparoscopic procedure to open surgery,

and took 2 hrs 30 mins to complete.

Effect ofsureerv

Symptom assessment

1) Retching and emetic events

All 22 retching episodes occurred in patients undergoing laparoscopic surgery.

Forty-eight emetic events occurred in 11 patients following laparoscopic surgery.

The remaining 4 emetic episodes occurred in one patient undergoing open surgery,

all of which occurred within 12 hours of recovery.

2) Nausea

Four of the 6 patients undergoing open surgery and 13 of the 14 patients

undergoing laparoscopic cholecystectomy suffered nausea in the 24 hour

post-operative period.

Of the 30 hours 48 minutes of nausea recorded in these patients, only 1 hr

52 minutes was recorded following open surgery. Less nausea was experienced

following open surgery compared with laparoscopic surgery
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(open surgery: 13 minutes [0-35 minutes] vs laparoscopic surgery: 1 hour 35

minutes [28 - 160 mins], (median [IQR]); p < 0.05, Mann-Whitney U test).

Nausea severity was similar between operations (open cholecystectomy: 5.6

[0.6 SE] vs laparoscopic cholecystectomy: 5.5 [0.3 8E]; p = 0.93, Student's t test).

3) General Well Being

Mean general well being scores were similar between operation groups

(open cholecystectomy: 7.0 [± 0.2 SE] vs laparoscopic surgery: 6.7 [± 0.1 SE];

p = 0.34, Student's t test).

Emesis following laparoscopic cholecystectomy was associated with lower general

well being (emesis: 6.3 [± 0.1 SE] vs no emesis: 8.9 [+ 0.3 SE]; p < 0.001, Student's

t test; p < 0.001, ANOVA fitted for time). Well being was similar between vomiting

and emesis-free patients after open cholecystectomy (emesis: 6.6 [± 0.2 SE] vs no

emesis: 7.0 [± 0.3 SE]; p = 0.3, Student's t test). Patients who were not sick felt

better following laparoscopic cholecystectomy compared with those undergoing

open cholecystectomy (p < 0.001, Student's t test), but general well being was

similar between those patients that were sick (p = 0.5, Student's t test; Figure 6.7).
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Figure 6.7 Mean general well being scores by operation and emesis

(bars = SEM)
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Clinical Monitoring

1) Pulse Rate

Mean pulse rate was lower following laparoscopic cholecystectomy (laparoscopic

cholecystectomy: 74 [+ 0.6 SE] us1 open cholecystectomy: 79 [+ 0.8 SE] beats/

minute; p < 0.001, Student's t test).

The pulse rate was lower in patients who were sick following laparoscopic

cholecystectomy (emesis: 73.0 [+ 0.7 SE] vs no emesis: 76.5 [± 0.8 SE]

beats/minute; p < 0.05, Student's t test; p < 0.05, ANOVA fitted for time).

The pulse rate was similar between vomiting and emesis-free patients after open
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cholecystectomy (emesis: 79.5 [± 1.3 SE] vs no emesis: 78.2 [± 0.9 SE]

beats/minute; p = 0.54, Student's t test). Patients who were not sick following

laparoscopic cholecystectomy had a similar pulse rate compared with those

undergoing open cholecystectomy (p = 0.26, Student's t test), but pulse rate was

lower following laparoscopic cholecystectomy for patients that were sick (p <0.01,

Student's t test).

2) Mean Blood Pressure

Mean blood pressure was higher following laparoscopic cholecystectomy

(laparoscopic cholecystectomy: 97 [± 0.6 SE] vs open cholecystectomy: 91

[± 0.9 SE] mmHg; p < 0.001, Student's t test).

Mean blood pressure was lower in patients who were sick following laparoscopic

cholecystectomy femesis: 96 [±0.7 SE] vs no emesis: 100 [± 1.6 SE] mmHg;

p < 0.05, Student's t test). Mean blood pressure was similar between vomiting and

emesis-ffee patients after open cholecystectomy (emesis: 90 [± 1.8 SE] vs no emesis:

91 [±1.1 SE] mmHg; p = 0.6, Student's t test). Mean blood pressure following

laparoscopic cholecystectomy was higher both in patients who were not sick

(p < 0.001, Student's t test), and in those who were sick compared with open

cholecystectomy (p < 0.01 Student's t test).
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Post-operative Gastrointestinal Manometry

Complete manometric recordings were obtained from all 6 patients undergoing

open cholecystectomy and from 10 patients undergoing laparoscopic surgery. Four

duodenal recordings were lost following laparoscopic surgery due to one sensor

failure, and pyloric type motility in the remaining 3 patients.

1) Return of motor activity

Analysis of fasting motility was restricted to the 16 complete motility recordings.

Fasting motility was absent in one patient following open cholecystectomy. Of the

372 phase III activity fronts identified in the remaining recordings, 268 phase III

activity fronts were recorded in 9 patients following laparoscopic surgery

(49 gastric, 108 duodenal, 111 jejunal), and 104 following open cholecystectomy

(20 gastric, 47 duodenal, 37 jejunal).

There was no significant difference between the operative groups for time of onset

of fasting activity by channel, the number of phase III activity fronts per channel, or

the number of phase III fronts migrating between channels (Table 6.4).

141



Table 6.4 Post-operative fasting activity by operation

(Median [IQR])

Laparoscopic Open p value*
Cholecystectomy Cholecystectomy

Time to Fasting Activity

(mins)
Stomach

Duodenum

Jejunum

637 [56 - 1003]
378 [93 - 559]
37.5 [18-50]

662 [350 - 1116] 0.7
413 [47 - 883] 0.7

55 [30 -328] 0.2

No. of MMC Phase III

Stomach

Duodenum

Jejunum

6 [3 - 6.5]
6 [5 - 12]
10 [6-11]

5 [2 - 6]
6 [4.5 - 19]
10 [3-11]

0.4

0.9

0.8

No, of migrating MMC III
Stomach to Duodenum

Duodenum to Jejunum
Stomach to Jejunum

1 [0 - 5]
2 [2 - 4]
1 [0- 1]

1 [0.5 - 1]
2 [0.5 - 4]

1.5 [0 - 1.5]

0.5

0.6

0.6

* Mann-Whitney U test
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2) Small Bowel Contractile Bursts

Of the 1260 phasic bursts identified in all 20 recordings by microcomputer

analysis, 817 were recorded in patients undergoing laparoscopic cholecystectomy

(308 duodenal, 509 jejunal) and 443 were recorded following open surgery (205

duodenal, 238 jejunal). A similar average number of phasic bursts were recorded per

patient after each type of surgery (open cholecystectomy: 34 (range 23 - 59)

duodenal and 40 (range 11 - 59) jejunal phasic bursts vs laparoscopic

cholecystectomy: 31 (range 6 - 50) duodenal and 36 (11 - 59) jejunal phasic bursts

[duodenal: p = 0.65: jejunal: p = 0.66, Student's t test).

Following laparoscopic surgery duodenal phasic bursts were of longer duration,

and higher contraction frequency and amplitude, but jejunal phasic bursts were of

shorter duration, lower contraction frequency and similar amplitude. There was no

difference in phasic burst periodicity (Table 6.5).

3) Phasic Burst migration

Of a total of 345 migrating phasic bursts recorded in 16 patients with complete

duodenal and jejunal recordings, 182 antegrade (18 per patient) and 30 retrograde

phasic bursts (3 per patient) were identified in 10 patients following laparoscopic

surgery, and 118 antegrade phasic bursts (20 per patient) and 15 retrograde phasic

bursts (2.5 per patient) following open cholecystectomy (laparoscopic

cholecystectomy v.v open surgery: duodenum p = 0.91, jejunum p = 0.77; chi2 test).
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Table 6.5 Post-operative phasic burst contraction characteristics by operation

(Median [iQR])

Laparoscopic Open p value*

Cholecystectomy Cholecystectomy

Burst Duration

Duodenum

Jejunum

5.8 [3.3-7.9]
5.6 [3.2-7.5]

5.3 [3.4-6.7] <0.05
5.7 [4.1-7.9] <0.05

Contraction Frequency

Duodenum 8.4 [6.8 - 9.6]

Jejunum

7.5 [5.8-8.8] <0.001
8.9 [7.5 - 10.3] 7.2 [5.9-8.5] <0.001

Contraction Amplitude
Duodenum 37.4 [27.7 - 51.5] 27.4 [22.3 - 32.7] <0.001

Jejunum 25.5 [21.0 - 33.6] 25.4 [21.2 - 32.2] 0.9

Periodicity

Duodenum

Jejunum

31.5 [22.6-40.9] 30.2 [23.1 - 39.6] 0.7
30.2 [19.4-40.0] 28.1 [21.0-37.5] 0.3

Antegrade Migration
Velocity (cms/min)

6.2 [3.4-10.2] 5.2 [3.2-8.5] 0.06

* Mann-Whitney U test
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Effect ofsurgery on gastric pH

Post-operatively, similar levels of gastric pH were recorded for all patients

irrespective of the method of surgery (Gastric pH: Open cholecystectomy 4.4

[+ 0.3 SE] vs laparoscopic surgery 5.1 [± 0.2 SE]; p = 0.07, Student's t test;

p = 0.08, ANOVA fitted for time). Mean gastric pH fell after 9 hours for both

groups (Figure 6.8).

Figure 6.8 Post-operative gastric pH by operation.

Both operative methods were associated with a gradual fall in gastric pH

after 9 hours.

Hours post-op

Open surgery Laparoscopic surgery
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Discussion

The control of post-operative emesis is still poorly understood, partly due to a lack

of a suitable animal model. Recent pharmacological studies have reported better

treatment of post-operative emesis using 5HT3 (5-hydroxytryptamine, subtype 3)

receptor antagonists when compared with standard antiemetic therapy, indicating

that 5HT plays a significant role in the regulation of post-operative emesis

(Kaufmann MA, 1994; Pearman MH, 1994). Radioligand binding studies have

demonstrated a high density of 5HT3 receptors in areas known to be involved in the

emetic reflex, both peripherally on vagal afferent terminals and centrally in the brain

stem vomiting centre (Butler A, 1988; Kilpatrick GJ, 1987), and emesis has been

induced by 5HT stimulation of afferent vagal nerve fibres (Lee KY, 1985; Grundy

DG, 1989; Carpenter DO, 1990).

About 80% of the body's total content of 5HT is present in the enterochromaffin

cells of the gastrointestinal tract. It has been suggested that the physical disruption

and manipulation of the gastrointestinal tract during surgery would cause the release

of 5HT, in addition to other humoral substances, which then stimulates 5HT3

receptors to cause vomiting.

5HT3 receptor antagonism has been reported to affect gastrointestinal motility.

Colonic transit is slowed in healthy volunteers and 5HT3 receptor blockade inhibits

the premature onset of migrating motor complexes induced by motilin in dogs

(Itoh Z, 1991; Talley NJ, 1990). Administration of an anti-emetic with 5HT3

antagonist properties therefore will reduce post-operative emesis and may alter

gastrointestinal function.
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The method or type of surgery may also affect gastrointestinal motility by 5HT

release. Laparoscopic surgery, for example, involves minimal gastrointestinal

manipulation and should result in less 5HT release, resulting in less nausea and

vomiting.

This chapter therefore explores the effects of 5HT3 anti-emetic therapy, and the

method of cholecystectomy, on gastrointestinal dysmotility and gastric pH changes

associated with post-operative nausea and vomiting, as reported in chapter 5.

Effect ofondansetron

Ondansetron is a highly selective 5HT3 receptor antagonist, and has been an

effective anti-emetic in chemotherapy induced emesis for a number of years

(Marty M, 1989; Cubeddu LX, 1990; Schmoll H-J, 1989). It has also been used for

the treatment of post-operative nausea and vomiting since 1988 and is effective in

both the prevention and treatment of established post-operative nausea and vomiting

(McKenzie R, 1993; Scuderi P, 1993). The drug has a plasma half life of 3 hours in

volunteer studies, although this may be longer in the elderly and patients

(Blackwell CP, 1989). Systemic clearance is principally by hydroxylation followed

by conjugation, with the majority of metabolites being excreted in urine

(Saynor DA, 1989). The few side effects reported from volunteer studies consist of

mild headache, abdominal discomfort and constipation (Blackwell CP, 1989).

The dose of 8 mgs IV ondansetron used in this study was based on the above

human pharmokinetic studies. No drug related side effects were recorded in any of

the patients who received ondansetron.
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Ondansetron was effective in preventing post-operative nausea and vomiting, but

not for the whole 24 hour recovery period. Fewer patients who received prophylactic

ondansetron vomited following surgery, particularly in the first 12 hours of

recovery, and fewer ondansetron treated patients required rescue antiemetic, which

was administered earlier in placebo treated patients. Rescue antiemetics were

administered approximately 9 hours after ondansetron administration, which reflects

the prolonged half life in patients reported by others (Blackwell CP, 1989).

Although the number of retching episodes was similar between the treatment groups,

the distribution was different. Only 30% of retching events in the ondansetron

treated patients occurred within 7 hours of recovery, compared with 67% in the

placebo group, which probably reflects loss of ondansetron activity. Loss of drug

activity may also explain why the duration of nausea was similar between the

treatment groups, although nausea severity scores were slightly lower following

ondansetron.

The lower incidence of emesis in patients who received ondansetron was also

reflected in higher general well being scores. General well being scores were also

higher in patients who vomited compared with placebo, and may be due to fewer

emetic episodes, although ondansetron does have a mood elevating potential and

anxiolytic activity (Jones BJ, 1988).

Haemodynamic changes were similar for both treatment groups with pulse rate

being lower in patients who were sick. Mean blood pressure fell in placebo treated

sick patients, but rose in ondansetron patients that were sick, which may be due to

the low number of ondansetron treated patients that were sick.
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Ondansetron also affected postoperative gastrointestinal motility. There was no

difference in the time to return of fasting activity, or in the number of phasic bursts

compared with placebo treated patients. However, the contraction frequencies of

both duodenal and jejunal phasic bursts were lower in patients who received

ondansetron. Fast and slow depolarisation of myenteric neurones can be produced by

5HT, the former being mediated via 5HT3 receptors (Nemeth PR, 1989). Receptor

blockade may have inhibited fast depolarisation of muscle fibres, although the

duration of phasic bursts remained similar between the two groups.

Ondansetron was also associated with a significant alteration in the direction of

phasic burst migration. There were fewer retrograde and more antegrade phasic

bursts compared with recordings from placebo treated patients. It is not possible to

say from this study, however, whether this effect results from central or peripheral

blockade of 5HT3 receptors. Evidence would suggest this is a central effect as the

gastrointestinal motor correlates of emesis in the dog are inhibited by vagotomy

(Lang IM, 1986). This would be supported by the symptomatic improvement seen in

ondansetron treated patients in the early post-operative period, when the drug was

effective.
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Effect ofSurgery

Anaesthesia has often been linked with post-operative nausea and vomiting, with

patients considered to be more likely to vomit after operations of longer duration

(Burtles R, 1957). The types of anaesthetic agents used have also been demonstrated

to influence the severity of post-operative emesis (Clark RSJ, 1984; Forrest JB,

1990). In this study, however, a standardised anaesthetic regime was administered

for a similar duration to patients undergoing both laparoscopic and open

cholecystectomy, and should have had a similar emetogenic effect after each method

of surgery.

The hypothesis being tested in this chapter was that gut manipulation during open

surgery would release more 5HT from the intestine compared with laparoscopic

surgery, and would thus be associated with more post-operative nausea and

vomiting. Contrary to this hypothesis, nausea and vomiting predominantly affected

patients undergoing laparoscopic cholecystectomy, with emesis only being recorded

in 1 of 6 patients undergoing open surgery.

There are a number of possible explanations for this discrepancy. Patients

undergoing open surgery require more opiate analgesia, and are thus more sedated in

the post-operative period. Sedation itself supresses the emetic reflex, and thus these

patients may have been less aware of emetic stimuli. Laparoscopic surgery involves

the instillation of carbon dioxide to produce a pneumoperitoneum under tension,

which if not completely decompressed following surgery may result in abdominal

discomfort and pain. Following laparoscopic cholecystectomy, patients require less

analgesia and recover more rapidly from anaesthesia. They therefore may be more
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aware of any post-operative discomfort and other emetic stimuli such as low levels

of anaesthetic agents.

Symptomatic assessment of the patients would support this explanation. Following

open cholecystectomy patients reported less nausea, which may be due to greater

sedation from opiate analgesia, but if nausea was experienced, it was as severe as

that experienced by patients undergoing laparoscopic cholecystectomy.

Patients that were sick felt equally unwell after both methods of surgery. But, in

the absence of emesis general well being scores were higher following laparoscopic

surgery. This again may reflect less opiate-associated sedation after laparoscopic

cholecystectomy, and more pain following open surgery. Two patients undergoing

laparoscopic surgery did not require morphine following surgery while 4 patients

undergoing open cholecystectomy had morphine supplied via a patient controlled

pump and thus received larger doses of opiate over the 24 hour study period.

Haemodynamic changes showed a lower pulse rate and higher mean blood

pressure in patients treated laparoscopically and may reflect a lower stress response

following surgery or differences in analgesic requirements. Although statistically

significant changes were seen between both emesis and type of operation, these

changes were small and may be due in part to small patient numbers.

The method of surgery had no effect on the return to fasting activity following

surgery. In both groups, gastric phase III activity took longer to return than small

bowel and failed to migrate distally. A similar number of phasic bursts were also

recorded in both small bowel channels, although following laparoscopic surgery, the

phasic bursts tended to be of higher contraction frequency and longer duration.

151



Lower opiate requirements following laparoscopic surgery may account for these

observations, as opiates are known to affect gastrointestinal motility.

Retrograde migration of phasic bursts tended to be more common after

laparoscopic surgery, but retrograde activity also occurred in patients following open

surgery. The motor correlates of emesis in animals, which include retrograde giant

contractions, can be induced by low doses of emetogenic agents without vomiting

(Lang IM, 1986). It is therefore plausible that while a reduced awareness of nausea

following open surgery may be associated with less vomiting, nausea may still

induce retrograde gastrointestinal activity. The persistence of retrograde activity may

also explain why no difference was noted in gastric pH after each type of surgery.

Gastric pH was noted to fall after 9 hours in both operative groups which coincided

with the noted return of gastric phase III activity. It is not possible by measuring

gastric pH alone, however, to say whether the fall in gastric pH was due to increased

acid secretion associated with a return of normal gastric motility. It is also possible

that gastric emptying of bile may have occurred without measurable gastroduodenal

coordinated activity.

In summary, this chapter has demonstrated that gastrointestinal motility is altered

by 5HT3 receptor antagonism. Emesis is reduced and retrograde small bowel

activity is less common. However, emesis following open cholecystectomy would

appear to be significantly altered by the use of opiate analgesia, possibly by reducing

patient awareness of post-operative nausea and emetic stimuli. As opiates themselves

can affect gastrointestinal motility, the next chapter explores gastrointestinal motility

in healthy volunteers after administration of morphine and compares the results with

patient recordings.
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Chapter 7

Effect of Morphine on Upper Gastrointestinal Function:

Comparison of Volunteer and Post-operative Patient Recordings
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Introduction

As has been shown in Chapter 6, opiate analgesia may significantly affect

post-operative recovery, and is associated with a reduction in post-operative emesis.

Although nausea and vomiting is considered to be a side effect of opiate

administration, in this study patients undergoing open cholecystectomy experienced

less nausea and vomiting despite receiving higher doses of post-operative opiate

analgesia. This may be due to opiate-induced sedation altering patient perception of

other emetic stimuli.

Opiates have also been known for a long time to alter gastrointestinal motility.

Before their analgesic properties were recognised, opiates were used, in combination

with kaolin, to control diarrhoea. Upper gastrointestinal recordings in dogs following

administration of morphine demonstrated motor abnormalities which consisted of

bradygastria and premature migrating motor complexes (Sarr MG, 1988).

In this study, recordings of post-operative upper gastrointestinal dysmotility

demonstrated similar motor abnormalities, consisting of gastric quiescence and small

bowel phasic bursts. Retrograde migration of these bursts was associated with nausea

and emetic events, but the contribution of post-operative opiates to this dysmotility

remains unclear. Visual inspection of post-operative recordings, however, suggested

that opiate analgesia may be a causative factor.

This chapter therefore examines the contribution of opiates to these post-operative

motor correlates of emesis. Opiate-induced upper gastrointestinal motility was

recorded in fasting, healthy volunteers and compared with post-cholecystectomy

recordings, following intramuscular administration of 10 mgs morphine.
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In addition a standardised meal was taken 4 hours after administration of morphine

in the volunteer group, to examine the effect of morphine on the irregular motor

response induced by dietary intake.
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Materials And Methods

Study Groups

Volunteers

Six volunteers who were healthy and free of gastrointestinal symptoms, were

studied. In view of protocol requirements for fluoroscopy, a detailed menstrual and

contraceptive history and negative pregnancy test were obtained from the female

volunteer to ensure the risk of pregnancy was remote.

Patients

Recordings from six of the patients who underwent cholecystectomy, in whom the

time of administration of 10 mgs IM morphine was clearly identified, were chosen

for comparison. Sufficient time was judged to have elapsed from the last dose of

peroperative fentanyl. Patient details, type of surgery and times of morphine

administration are detailed in Table 7.1.

All subjects gave informed consent to the study, which had been approved by the

Tayside Health Board Medical Ethics Committee.
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Table 7.1 Patient details, type of operation, time elapsed from recovery and

peroperative fentanyl to morphine administration.

Patient Sex/age Operation type Time to morphine Time from fentanyl

14 F 66 Laparoscopic 1 hr 55 mins 2 hrs 25 mins

15 F 43 Open 11 hrs 45 mins 12 hrs 15 mins

18 M 56 Laparoscopic 7 hrs 30 mins 9 hrs

20 F 35 Laparoscopic 4 hrs 55 mins 4 hrs 55 mins

22 F 55 Laparoscopic 5 hrs 15 mins 6 hrs 10 mins

24 M 49 Laparoscopic 3 hrs 20 mins 5 hrs 50 mins
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Instrumentation

Because of advances in data storage, a Gaeltec 5 sensor catheter (type CTG L\5)

was used for the volunteer study thus allowing more accurate recordings to be

obtained from the gastric antrum. The proximal 3 sensors were spaced 3 cms apart

and straddled the pylorus, as seen on fluoroscopy. The distal 3 sensors were spaced

12 cms apart and recorded mid duodenal and proximal jejunal motility (Figure 7.1).

Figure 7.1 Siting of the pressure sensors and pH probe in volunteer studies

The catheter was connected to a Synectics 4 megabyte MicroDigitrapper sampling

at 4 Hz, with 5 pressure and 1 pH channels. Transducer calibration used the same

method as in the patient studies, standardising for a 50 mmHg pressure rise of water

before each study.

Pressui

sensor

pH probe
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Semi-disposable, monocrystant antimony pH catheters were calibrated with buffer

solutions (pH 1.07 and 7.01) and taped 5 cms proximal to the gastric sensor to

measure gastric body pH.

After each recording, digitised data was downloaded to an Elonex PC-433

microcomputer and converted to allow display and analysis of motility signals as for

the patient recordings. Each study was permanently archived on floppy disk, and

hard-copy recordings of motility tracings obtained on a total of 5 x A4 pages.

Experimental design and procedure

After an overnight fast, the catheter assembly was passed pernasally into the

stomach and the end positioned in the distal antrum. Transducers were positioned in

the gastric antrum, duodenum and proximal jejunum by inflating a tip-mounted
%

balloon to induce peristalsis, as described in chapter 4 (Figure 7.1).

Once in a satisfactory position, the balloon was deflated and the catheter taped to

the volunteer's cheek. The catheter was then connected to the datalogger, which was

carried in a pouch and allowed the subject to be ambulant.

Fasting activity was recorded for approximately 2 hours prior to administration of

a single 10 mg IM dose of morphine. Volunteers then rested for four hours while

nausea and well-being, haemodynamic recordings and emetic events were recorded

by an attendant observer.

After this period, a standard meal of cornflakes, orange juice and coffee or tea was

consumed, and recordings made for a further hour.
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Symptom and haemodynamic evaluation

Nausea, and general well-being were assessed using visual analogue scales prior to

injection, at the time of injection and at 15 minute intervals for the following 4 hours

(Figure 7.2). Pulse and blood pressure were recorded at similar intervals. The onset

and duration of nausea and times of emetic and retching events were recorded on a

standard form. Mean blood pressure was estimated for each value as the diastolic

pressure plus a third of the diastolic/ systolic pressure difference.

Figure 7.2 Linear analogue scales used to assess nausea and general

well-being in the volunteer morphine study.

Severity and duration of nausea was recorded in 15 minute intervals for 4 hours.

No nausea

Never felt so awful

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10

Never felt so sick

Never felt so well
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Standard meal

Four hours after injection, a standard meal was consumed and recordings

continued for a further hour. Breakdown and elemental content of the meal are

shown in Table 7.2.

Table 7.2 Caloric and elemental content of the meal consumed by

volunteers 4 hours after IM administration of morphine.

Meal content Kcal Protein Fat CHO

Tea/coffee (1 cup)

Cornflakes 64 14 g 0.12g 15 g

Milk 100 5.0 g 5.7 g 7.0 g

Orange juice 74 1.2 g 0 18.6 g

Study completion

At the end of the volunteer study the catheter was retrieved by gentle traction and

data downloaded to computer for display and analysis.
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Data analysis

The most distal gastric sensor was first identified by visual inspection, without

small bowel motor activity being seen in that channel. Analysis was then carried out

using the microcomputer programme described in chapter 3 to measure fasting

contractile burst activity.

Pre-injection recordings:

The three phases of the migrating motor complexes (MMCs) were identified by

recognised criteria; namely phase I motor quiescence and phase II irregular motor

activity which terminates in the regular contractile burst of phase III (Kellow JE,

1986). The duration and contraction characteristics of each phase, and the periodicity

and migration velocity between channels of phase III were measured for each

recording. Measured contraction characteristics consisted of contraction frequency,

duration and mean amplitude for phase II and III. The periodicity of MMCs was

defined as the interval between successive phase III episodes in any single channel.

Phase III migration velocity was defined as the distance between sensors (cms)

divided by the interval (mins) from the onset of one phase III in one channel to the

time of onset in the subsequent channel within a 10 minute time window.

Post injection recordings:

Using the computer algorithm described in chapter 3, post injection tracings were

analysed to identify contraction bursts similar to the small bowel phasic bursts found
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in the post-operative studies. The migration velocity of these bursts was calculated in

a similar fashion to that used for phase III of the MMC. A time window of +/- 10

minutes identified antegrade or retrograde migration of related bursts. Bursts outwith

this time interval were not considered to be related, and were termed isolated or

stationary.

Postprandial recordings:

As there is normally no specific pattern to fed phase motility, analysis was carried

out in 15 minute epochs from the time of meal ingestion to the end of the study. The

contraction characteristics of contraction frequency, mean amplitude and mean

contraction duration for each period were summarised. In addition, the studies were

visually inspected and reanalysed for phasic bursts which may have been masked by

the irregular fed response.

Statistics

Descriptive statistics included the mean and standard error, and median and

interquartile ranges for parametric and non-parametric data respectively. Comparison

between patients and volunteers were assessed by Student's t-test for paired or

unpaired parametric data, and the Mann-Whitney U test for non-parametric data.
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Results

Volunteer recordings

Six healthy volunteers, (5 males, mean age 32 years [range: 25-41 years]), were

studied. The mean fasting time before morphine administration was 2 hours

45 minutes [range: 2 hours - 3 hours 45 minutes] (Table 7.3). All volunteers

completed recordings for a further 5 hours following intramuscular injection of

morphine.

1) Pre-injection

Symptoms

No volunteer experienced nausea during the 2 hours of baseline recordings. A

mean general well being score of 8.83 (range 7-10) was recorded before and at the

time of morphine administration (Table 7.3).

Haemodynamic recordings

Pulse and blood pressure recordings remained stable for each volunteer prior to

morphine administration (Table 7.3).

Motility

Ten MMC phase III were recorded prior to injection. Contraction characteristics

by channel are shown in Table 7.4.

Gastric pH

A mean fasting pre-injection pH of 2.0 (+ 0.2 SE) was recorded with a range of

0.97 to 6.35 (Figure 7.3).
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Table7.3Volunteerdetailsfrommorphinestudy.
Haemodynamicrecordingsandsymptomscoresa)beforeandb)atthetimeofmorphineadministration.

Volunteer study

Sex/age

Fastingtime (minutes)

Pulse (beats/minute)
Meanbloodpressure (mrnHg)

Nauseascore

Wellbeingscore

a

b

a

b

a

b

a

b

1

M/34

225

64

68

125

123

0

0

9

9

2

M/26

155

64

60

119

108

0

0

10

10

3

M/29

155

60

51

106

100

0

0

8

8

4

F/34

170

88

80

96

91

0

0

9

9

5

M/25

155

68

65

116

111

0

0

7

7

6

M/41

120

68

72

99

100

0

0

10

10



Table7.4Contractioncharacteristicsoffastingactivitybychannelinvolunteerspriortomorphineadministration. (Median[IQR]) DuodenumJejunumpvalue*
PhaseIDuration

12.9[5.5-21.3]

14.9[5.4-22.3]

0.9

PhaseIIDuration

16.5[5.7-43.0]

53.1[23.9-94.1]
0.06

ContractionFrequency
2.2[1.8-2.5]

1.7[1.2-2.2]

0.1

Amplitude

33.1[29.3-42.5]
30.8[27.3-31.9]
0.3

PhaseIIIDuration

5.1[3.0-5.7]

5.5[5.1-6.9]

0.09

ContractionFrequency
9.6[7.6-10.4]

10.2[9.6-11.1]

0.3

Amplitude

38.7[29.5-52.4]
29.2[24.2-38.8]
0.1

PeriodicityofPhaseIII

69.9[58.6-96.5]
70.4[61.1-96.7]
0.9

*Mann-WhitneyUtest



Figure 7.3 Mean fasting gastric pH and range for each volunteer.

(bars = maximum and minimum pH)

5

2 3 4

Volunteer Number
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2) Post-injection

Symptoms

Two volunteers recorded nausea 3 hours after administration of 10 mgs morphine

1M. Median general well being scores fell initially following administration of

intramuscular morphine, and again after 3 hours because of the nausea experienced

by two of the volunteers (Figure 7.4). No vomiting occurred during the 4 hours fast

following injection, but one vomiting episode occurred after meal ingestion.

Figure 7.4 Volunteer general well being scores following morphine.

(Median [IQR])

General well being
10 ri-

N <>—o—o <► M
9 • 9 9-

N

Injection 2
Hours

168



Haemodynamic recordings

Pulse rate and mean blood pressure recordings remained constant for each

volunteer and the group as a whole during the 4 hours following morphine

administration. A mean pulse rate of 64/minute (+ 0.8 SE) and a mean blood

pressure of 102 mmHg (±1.1 SE) were recorded for the group (Figure 7.5).

Figure 7.5 Mean blood pressure recordings following morphine

administration to volunteers.

(Median [IQR])

mmHg

Hours
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Motility

Following intramuscular injection, 94 contractile bursts occurred in the small

bowel over 4 hours. The first burst occurred within 3 minutes of injection in each

volunteer, and an average of 7 (range 5-9) duodenal and 8 (range 5 - 12) jejunal

bursts of contractions were recorded per volunteer (Figure 7.6). These bursts were

visually similar to fasting MMC phase III in appearance, but had a shorter

periodicity in both the duodenum and jejunum (Figure 7.7). Opiate-induced

duodenal bursts were of slightly longer duration and of lower amplitude compared

with fasting MMC phase III (Table 7.5).

Migration velocities of MMC phase III and opiate-induced bursts were similar

(MMC III: 12.1 [9.3 - 15.5] cm/min vs Opiate-induced bursts: 8.9 [6.0 - 14.3]

cm/min; p = 0.4, Mann-Whitney U test).
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Figure 7.6 Upper gastrointestinal motility immediately following

intramuscular morphine in volunteers.

GLOBAL : OFF Study is: MH11

Loss of antroduodenal
coordination

Small bowel contractile bursts

=K»0»24 ♦octia
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Figure 7.7 Later upper gastrointestinal motility following opiate

administration in volunteers

Small bowel contractile bursts and gastric quiescence are demonstrated.
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Table7.5ContractioncharacteristicsofsmallbowelMMCphaseIIIandcontractilebursts followingmorphineadministrationinvolunteers.(Median[IQR])
Duration (mins) ContractionFrequency (cont/min) MeanAmplitude (mmHg) Periodicity (mins)

Duodenum

Phase111Postinjectionpvalue*
5.1[3.0-5.7]5.8[4.2-7.5]0.05 9.6[7.6-10.4]8.4[6.4-9.4]0.06 38.7[29.5-52.4]26.2[19.9-36.1]0.01 69.9[58.6-96.5]31.6[28.0-38.0]0.002

Jejunum

PhaseIIIPostinjectionpvalue*
5.5[5.1-6.9]6.4[5.0-8.7]0.35 10.2[9.6-11.1]9.7[8.0-10.6]0.16 29.2[24.2-38.8]29.4[24.7-33.4]0.64 70.4[61.1-96.7]30.3[22.9-36.1]0.002 *Mann-WhitneyUtest



Gastric pH

No significant rise was observed in gastric pH following morphine administration

for all volunteers (Gastric pH: pre-injection 2.0 [± 0.2 SE] vs post-injection 1.9

[+ 0.1 SE]; p = 0.2, Mann-Whitney U test).

Effects ofMeal Ingestion

Motility

All volunteers demonstrated irregular motility following ingestion of the meal.

Overall median contraction frequency was lower in the stomach compared with the

duodenum and jejunum (Stomach 0.9 [0.4 - 1.5]; Duodenum 2.4 [1.8 - 3.6]; Jejunum

2.8 [1.7 - 3.9] cont/min: Stomach vs Duodenum p < 0.001, Stomach vs Jejunum

p < 0.001, Mann-Whitney U test).

Although gastric contraction amplitude was higher compared with small bowel

recordings, this failed to reach statistical significance (Stomach 30.0 [21.4 - 63.2];

Duodenum 27.2 [23.6 - 35.1]; Jejunum 28.2 [24.0 - 35.5] mmHg: Stomach vs

Duodenum p = 0.25, Stomach vs Jejunum p = 0.32, Mann-Whitney U test).

Contraction duration was just significantly longer in the stomach compared with

small bowel recordings (Stomach 4.3 [3.3 - 5.0]; Duodenum 3.4 [3.0 - 4.0];

Jejunum 3.6 [3.3 - 3.7] sees: Stomach vs Duodenum p < 0.05, Stomach vs Jejunum

p = 0.05, Mann-Whitney U test).

Analysis of fed data for phasic burst activity identified 10 duodenal and 13 jejunal

phasic bursts in 5 and 4 volunteers respectively. Of these, 2 migrated antegradely
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and 5 migrated retrogradely in 2 and 4 volunteers respectively. Emesis in one

volunteer was associated with retrograde migration of a phasic burst (Figure 7.8).

Gastric pH

Gastric pH rose significantly following dietary intake compared with fasting pH,

both before and after morphine administration (Gastric pH: pre-injection 2.0

[±0.2 SE], post-injection 1.9 [±0.1 SE] vjfed3.1 [±0.2 SE];p<0.01,

Mann-Whitney U test).

Figure 7.8 Retrograde migration of a phasic burst associated with emesis

in a volunteer.

Emetic Event
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Comparison with Patient Recordings

Fasting Motility

Similar fasting contraction characteristics occurred in the jejunal recordings for

both patients and volunteers. Duodenal recordings demonstrated small significant

differences in Phase I duration and Phase II characteristics (Table 7.6).

Morphine-associated Motility

A total of 53 duodenal and 56 jejunal phasic bursts were recorded in all 6 patients

over 4 hours following morphine (9 [range 6-10] duodenal and 9 [range 8-11] jejunal

bursts per patient). Motility characteristics of all bursts were generally similar to

those recorded from the volunteer group, but phasic burst periodicity was longer in

the voluriteers (Table 7.7).

Comparison of phasic bursts by site demonsmated a lower amplitude and a longer

periodicity in duodenal recordings, and a higher contraction frequency and longer

periodicity in jejunal recordings of volunteers (Table 7.8).

Gastric pH

Gastric pH was higher in the patient group compared with volunteers for the 4

hours studied following morphine administration (Gastric pH: patients 7.2 [2.8 - 7.6]

vs volunteers 1.7 [1.6 - 2.2]; p < 0.001, Mann-Whitney U test).
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Table7.6Comparisonofsmallbowelfastingmotilitybetweenpatientsbeforesurgery andvolunteersbeforemorphine(Median[IQR]) DuodenumJejunum
VolunteersPatientspvalue*VolunteersPatientspvalue*

PhaseIDuration12.9[5.5-21.3]21.5[10.7-33.7]0.0514.9[5.4-22.3]22.2[10.2-37.8]0.07 PhaseIIDuration16.5[5.7-43.0]29.6[15.8-54.3]0.21531[23.9-94.1]31.4[18.4-67.1]0.41 Contractionfrequency2.2[1.8-2.5]1.2[0.6-2.2]0.011.7[1.2-2.2]1.2[0.8-1.9]0.15 Amplitude33.1[29.3-42.5]28.3[24.3-33.1]0.0330.8[27.3-31.9]26.6[24.4-31.7]0.08
PhaseIIIDuration5.1[3.0-5.7]6.5[4.0-8.0]0.045.5[5.1-6.9]6.3[3.8-7.9]0.89 Contractionfrequency9.6[7.6-10.4]10.1[9.4-10.9]0.1610.2[9.6-11.1]10.0[9.4-10.5]0.75 Amplitude38.7[29.5-52.4]33.1[25.4-41.6]0.1729.2[24.2-38.8]24.3[22.5-29.6]0.11

Periodicity69.9[58.6-96.5]71.9[41.8-1363]0.6370.4[61.1-96.7]72.7[41.6-102.3]0.77
*Mann-WhitneyUtest



Table 7.7 Comparison of motility characteristics of all small bowel phasic

bursts recorded in patients and volunteers after morphine

(Median [IQR])

Patients Volunteers p value*

Duration 6.2 [4.3 - 7.8] 6.0 [4.7 - 8.5] 0.66

(mins)

Contraction frequency 8.3 [7.5 - 9.4] 8.8 [7.6 - 10.1] 0.07

(cont/ min)

Amplitude 30.3 [23.6 - 42.2] 28.9 [22.2 - 34.4] 0.07

(mmHg)

Periodicity 25.0 [18.7 - 31.9] 31.0 [25.2 - 36.1] <0.001

{mins)

Migration velocity 8.8 [6.0 - 15.2] 8.9 [6.0 - 14.3] 0.98

(cm/min)

Mann-Whitney U test
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Table7.8Comparisonofduodenalandjejunalcontractileburstsbetweenpatientsandvolunteersaftermorphine (Median[IQR])
DuodenumJejunum

VolunteersPatientspvalue*VolunteersPatientspvalue*
Duration5.8[4.2-7.5]6.1[3.3-7.7]0.666.4[5.0-8.7]6.6[5.5-8.0]0.99 (mins) Contractionfrequency8.4[6.4-9.4]8.3[7.3-9.1]0.89.7[8.0-10.6]8.6[7.6-9.6]0.03 (cont/min) Amplitude26.2[19.9-36.1]37.0[25.8-49.0]0.00729.4[24.7-33.4]28.0[22.6-33.6]0.5 (mmHg) Periodicity31.6[28.0-38.0]25.2[20.2-32.4]0.00530.4[22.9-36.1]24.5[18.3-31.5]0.05 (mins)

*Mann-WhitneyUtest



Discussion

To date the effect of opiates on gastrointestinal motility has been investigated

mainly in animal models. The few reported human studies have been of short

myo-electrical studies and manually analysed (Waterfall WE, 1982 and 1983). The

effect of opiate analgesia on prolonged post-operative upper gastrointestinal

recordings in humans has received little attention.

Mode ofaction

Three subclasses of opioid receptors have been identified in animal studies, which

have been named either after prototype antagonists, e.g. p receptors for morphine

and the k receptor for ketocyclazocine, or after the bioassay tissue used to elucidate

opiate actions, i.e. y receptor for the isolated and electrically stimulated vas deferens

of the mouse. These receptors are distributed both in the brain and throughout the

gut.

Gastric emptying is known to be inhibited in humans by opiates (Waterfall WE,

1982). Met-enkephalin and other potent synthetic analogues with mainly p receptor

affinity inhibit gastric motility in dogs when administered either centrally or

peripherally. The ratio of effective doses of morphine given by these routes strongly

suggest that stimulation of central p receptors causes gastric motor inhibition (Bueno

L, 1985), although this can also be inhibited by other opioid receptors (Porreca F,

1983).

In contrast to gastric inhibition, morphine has been shown to have a stimulatory

effect in the small intestine, inducing 'premature' phase Ill-like activity in the canine
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stomach and small bowel (Sarna S, 1982; Sarr MG, 1988) and in human small

intestine (Waterfall WE, 1982 and 1983). Waterfall demonstrated that intravenous

morphine induced premature myoelectrical phase III activity, which was interrupted

by a meal (Waterfall WE, 1983). Others have demonstrated that these ectopic fronts

can be induced in the postprandial state and can be blocked by nalorphine

methionate, a peripheral p receptor antagonist (Pinnington J, 1982).

Volunteer recordings in this study confirmed the above findings. Intramuscular

morphine inhibited gastric motility and induced small bowel contractile bursts in

both fasting and postprandial recordings. Motility characteristics of the jejunal

contractile bursts were similar to pre-injection fasting phase III motility. Duodenal

recordings demonstrated a lower contraction amplitude following morphine,

suggesting that low amplitude contractions which occur later in the stomach may

also occur in the proximal duodenum. Opiates had a prolonged effect on

gastrointestinal motility as demonstrated by the periodicity of small bowel

contraction bursts, which remained constant throughout the 4 hour fasting period.

The periodicity of these small bowel contraction bursts was significantly shorter than

the periodicity of fasting phase III activity fronts.

Gastroduodenal coordination was clearly lost following opiate administration,

suggesting that p receptors contribute to the control of antropyloric function.

Morphine not only initially enhances antral contractility, but also inhibits the normal

propagation of gastroduodenal myoelectric signals. Gastric motility continued

through out the recordings, but this was dissociated from small bowel activity, as has

been reported in animal studies.
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The aim of this chapter was to examine the contribution of opiate administration to

the post-operative motor correlates of emesis. Comparison of all patient and

volunteer small bowel contractile, or phasic, bursts showed similar motility

characteristics. A shorter periodicity was found in patients which may be due to

residual opiates administered during surgery. Examination of phasic burst

characteristics by site demonstrated that the difference in periodicity was principally

due to duodenal motility, which may be due to individual variation in gastroduodenal

motility. The configuration of fasting gastroduodenal motility can vary, with a

gradual change from antral phasic activity to a duodenal pattern occurring over

several centimetres (Malagelada J-R, 1986). Despite the difference in contractile

burst periodicity, it is evident that morphine rapidly induced similar small bowel

contractile bursts, which occurred more frequently than MMC phase III activity, in

both volunteers and patients.

Dietary intake has been identified as a predisposing factor in inducing vomiting

following surgery (van den Berg AA, 1987). Retrograde migration of small bowel

phasic bursts has been shown in chapter 5 to be associated with post-operative

vomiting and similar retrograde motility was identified in 4 volunteers following

meal ingestion. Retrograde migration preceded the emetic event recorded in one

volunteer and supports the theory that morphine sensitises the vomiting centre to

other potentially emetic stimuli, as well as having a central emetogenic effect.

The effect of morphine on gastric acid secretion is variable. Opiate agonists reduce

gastric acid secretion induced by feeding, but also stimulate basal acid secretion in

dogs (Konturek SJ, 1980). In this study, gastric pH did not significantly fall after

morphine administration, but rose with ingestion of the meal. Fasting gastric pH in
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volunteers was significantly lower compared with patients, and confirms

post-operative findings by others (Schurizek BA, 1989b). The lack of retrograde

phasic burst activity in volunteers may have prevented bile reflux, or alternatively

acid secretion may have been inhibited in the post-operative period (Cheadle WG,

1984).

In summary, this chapter has demonstrated that the post-operative upper

gastrointestinal motor correlates of emesis, described in chapter 3, are caused by

opiate analgesia. Retrograde migration of opiate-induced small bowel phasic bursts

is likely to be a result of central stimulation by emetogenic factors, following

sensitisation of the vomiting centre by morphine.

ft
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Chapter 8

Conclusions
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Summary Of Findings

Nausea and vomiting remain common sequelae following surgery and despite

advances in anaesthetic and surgical techniques affects between 30 and 50% of

patients in the first 24 hours following surgery, (Quinn AC, 1994; Lerman J, 1992;

Cohen MM, 1986). Much of the research into the pathophysiology of emesis has

concentrated on the central control of vomiting in animals following administration

of emetogenic agents.

The gastrointestinal tract is also important in the pathophysiology of emesis. It is

the effector organ of emesis, yet most of the reported functional changes have also

emanated from animal models of emesis. Human studies have demonstrated delayed

gastric emptying and the presence of small bowel activity fronts following surgery,

but the pathophysiology of these motility changes, and their contribution to

post-operative nausea and vomiting, have not been elucidated.

This thesis investigated upper gastrointestinal disturbances associated with

post-operative nausea and vomiting by using ambulatory solid state manometry and

gastric pH measurements. Specific objectives were:

1) To evaluate post-operative motor disturbances in the upper gastrointestinal tract

2) To develop an automated method for the recognition and measurement of these

motor abnormalities

3) To investigate the intragastric pH changes associated with bile vomiting

4) To evaluate the effects of specific antiemetic therapy and laparoscopic surgery on

upper gastrointestinal dysmotility following cholecystectomy, and
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5 ) To investigate the contribution of opiate analgesia to the post-operative

symptoms of nausea and vomiting and upper gut dysmotility.

Evaluation ofpost-operative motor disturbances in the upper gastrointestinal tract

To date, knowledge of upper gastrointestinal motility following surgery has been

scant. The principal reasons for this deficiency have been the inability to record

motility for prolonged periods, as well as difficulty in interpreting the results. By

utilising advances in data recording and collection, this study has explored upper

gastrointestinal motility for prolonged periods in patients undergoing

cholecystectomy, one of the most common major elective operations currently

undertaken.

In comparison with healthy volunteers fasting activity in the upper gastrointestinal

tract was found to be normal in all patients prior to surgery. However, following

surgery, manometric recordings demonstrated gastric quiescence and the presence of

frequent regular contractile bursts, termed phasic bursts, which migrated between

small bowel sensors. Retrograde migration of these small bowel phasic bursts was

associated with emesis.

Development ofmicrocomputer recognition and measurement ofpost-operative

motor abnormalities

Manual interpretation of upper gastrointestinal motility recordings is laborious,

time consuming and prone to observer error. We have developed a microcomputer

algorithm capable of recognising and measuring post-operative motor abnormalities,
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thus providing a rapid, reliable and objective assessment. The algorithm was

combined with a programme which recognised normal upper gastrointestinal

motility, and successfully differentiated post-operative dysmotility from normal

fasting activity. Comparison of this computer programme with time consuming

observer analysis confirmed there was no significant difference in either the

identification, direction of migration or duration of phasic bursts. Observer

confirmation of results is still required to identify migration of all phasic bursts as

this was not always correctly identified by the microcomputer programme.

Intragastric pH changes associated with bile vomiting

Gastric pH was higher following surgery and gradually fell over the 24 hour

recovery period, but failed to reach pre-operative levels. Emesis was associated with

a drop in gastric pH due to expulsion of bile from the stomach. A rise in gastric pH

was also noted after retrograde phasic burst activity although this was not significant

due to dilution of bile already in the stomach. The method of surgery had no effect

on post-operative gastric pH findings.

Effects of 5HT3 antiemetic therapy and method ofsurgery on post-operative upper

gastrointestinal dysmotility

Prophylactic administration of a 5HT3 receptor antagonist was associated with a

reduction in symptoms of post-operative nausea and emesis. Gastrointestinal

dysmotility was also altered by 5HT3 antagonists with reduced retrograde and

increased antegrade migration of small bowel phasic bursts. The hypothesised
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reduction in nausea and vomiting due to less 5HT release following laparoscopic

surgery was not seen. These patients vomited more. Data analysis indicated that less

opiate analgesia was required following laparoscopic surgery, and so these patients

were less sedated and probably more aware of other emetogenic stimuli during

recovery from surgery. These stimuli, which were not appreciated by patients

following open cholecystectomy because of sedation, may be reponsible for

continued retrograde activity.

The contribution ofopiate analgesia to the post-operative symptoms ofnausea and

vomiting and upper gut dysmotility

Administration of morphine to volunteers resulted in altered gastrointestinal

motility which was similar both on visual inspection and microcomputer analysis to

post-operative recordings. However, symptomatic assessment was not similar. Some

volunteers felt less well after 3 hours, and experienced mild nausea. Emesis only

occurred in one volunteer after a test meal was consumed. Morphine-induced emesis

was also associated with retrograde phasic burst migration.

This thesis has demonstrated abnormal upper gastrointestinal motility following

surgery and that retrograde migration of small bowel phasic bursts is associated with

emesis. These bursts are caused by opiate analgesia, but retrograde migration may be

induced by other emetogenic stimuli in the post-operative period. Sedation due to

opiate analgesia probably alters patient perception of these emetic stimuli, thus
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patients undergoing laparoscopic surgery are more aware of nausea and therefore

more likely to vomit following surgery.

Implications For Clinical Practice

Currently there is no routine effective alternative to opiate analgesia during and

after major surgery. Post-operative nausea and vomiting is clearly associated with

opiate analgesia. This thesis has shown that 5HT3 receptor antagonists are effective

in alleviating post-operative emesis, but opiate analgesia, when administered by

patient controlled pumps, may also reduce the unwanted side effects of nausea and

vomiting following surgery.

189



Proposals For The Future

Having established a suitable assessment method for studying emesis in humans,

we now have the ability to answer a number of questions raised from this research.

1) Is it possible to study emesis without opiate sensitisation of the vomiting centre

following surgery, and if so, how does the upper gastrointestinal tract behave?

Regional anaesthesia using bupivicaine can be achieved via epidural or spinal

blockade in patients undergoing peripheral surgery, such as hernia repair or vascular

grafting. This would eliminate serotonin release due to handling of the

gastrointestinal tract, but may introduce autonomic disturbances of the gut.

2) If 5HT3 receptor antagonists do alleviate post-operative emesis, is there a greater

release of serotonin in patients undergoing laparoscopic surgery to explain the

higher incidence of emesis?

Measurement of urinary 5HT degradation products following open and

laparoscopic surgery would determine whether gut handling results in variable

release of serotonin. There may also be other factors, such as increased

intra-abdominal pressure in laparoscopic surgery, which result in greater serotonin

release by as yet unidentified mechanisms. Laparoscopic surgery can be performed

without inducing a tension pneumoperitoneum, thus eliminating this potential

emetogenic stimulus.
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3) How is the upper gastrointestinal tract effected by other clinical situations in

which emesis is a problem?

Emesis is a serious and debilitating side effect of chemotherapy and radiation.

Ondansetron and other 5HT3 receptor antagonists reduce emesis in patients receiving

these treatment modalities. Emesis is thought to be caused by the release of 5HT

from the upper gastrointestinal tract by chemotherapy agents or radiotherapy, but the

gastrointestinal pathophysiology of emesis in this situation has not been elucidated.

Manometry would be an effective method of determining if serotonin stimulation of

the vomiting centre induces retrograde upper gastrointestinal activity, and whether

this was altered by 5HT3 receptor blockade.
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Appendix 2

MOTILITY ANALYSIS - POST OPERATIVE EMESIS

Name : JMD Age : 49
Date of Study : 01:10:92

Sampling Rate / Misc. Information : POST-OP LAP CHOLECYSTECTOMY

Small Bowel MMC Parameters :

Minimum Phase I Duration : 5 mins
Minimum Phase II Duration : 2 mins
Maximum Phase II Contraction Frequency : 7 pks/min
Minimum Phase III Duration : 5 mins

******** Channel Site: ANTRUM *******

Interval Contractions Frequency Mean Amplitude
minutes No. No./min mmHg

PHASE 1 1439.80 ( 20 )

******** Channel Site: DUODENUM *******

Interval Contractions Frequency Mean Amplitude
minutes No. No./min mmHg

PHASE 1 0.00 — ___ —

Irregular activity: 0.90 4 4.44 41.56

PHASE 1 27.11 (3) — —

Irregular activity: 8.48 65 7.67 60.12
PHASE 1 14.19 — —

PHASE 2 2.01 11 5.48 61.68
Time at onset of phase 3 is 77.96 minutes.

MMC ( 1 ) PHASE 3 5.85 57 9.75 47.52

PHASE 1 16.89 — — —

Irregular activity: 6.70 57 8.51 64.47
PHASE 1 17.92 — — —

PHASE 2 2.53 14 5.54 58.18
Time at onset of phase 3 is 127.83 minutes.

MMC ( 2 ) PHASE 3 5.25 49 9.33 52.06

PHASE 1 17.98 — —

Irregular activity: 8.11 65 8.02 50.06

PHASE 1 16.95 ... ... —

PHASE 2 2.33 14 6.01 66.52



Time at onset of phase 3 is 178 .45 minutes.
MMC ( 3 ) PHASE 3 5.94 53 8.93 45.87

PHASE 1 14.66 — ___ —

Irregular activity: 10.25 61 5.95 46.95

PHASE 1 16.25 — — —

Irregular activity: 9.95 47 4.72 48.19

PHASE 1 22.58 — — ...

Irregular activity: 7.60 37 4.87 56.99

PHASE 1 21.07 — — —

Irregular activity: 9.38 41 4.37 49.90

PHASE 1 20.83 — — —

Irregular activity: 7.18 43 5.99 48.31

PHASE 1 17.40 — — —

Irregular activity: 8.34 48 5.76 49.15

PHASE 1 21.46 — —

Irregular activity: 7.48 43 5.75 57.59

PHASE 1 22.82 — —

Irregular activity: 8.75 39 4.46 57.74

PHASE 1 27.68 — ... ___

Irregular activity: 8.73 49 5.62 50.38

PHASE 1 25.01 — — —

Irregular activity: 9.48 54 5.70 50.48

PHASE 1 24.91 — — —

Irregular activity: 8.86 47 5.31 49.73

PHASE 1 21.68 — —

Irregular activity: 13.43 65 4.84 46.58

PHASE 1 21.39 —- — —

Irregular activity: 4.80 22 4.58 73.75

PHASE 1 32.50 (1) — —

Irregular activity: 8.50 36 4.23 69.30

PHASE 1 23.61 — —

Irregular activity: 11.47 19 1.66 95.54

PHASE 1 23.61 (1) — —

Irregular activity: 8.00 51 6.38 48.05

PHASE 1 25.12 — —

Irregular activity: 8.89 53 5.96 67.16

PHASE 1 29.89 (1) — —

Irregular activity: 7.45 35 4.70 79.82

PHASE 1 19.42 — — —

Irregular activity: 7.28 42 5.77 64.30

PHASE 1 32.65 — —

Irregular activity: 7.38 20 2.71 70.01

PHASE 1 19.89 ___ — —

Irregular activity: 26.45 55 2.08 54.16

PHASE 1 26.84 ___ — —

Irregular activity: 12.25 9 0.73 17.92

PHASE 1 7.35



PHASE 2 9.53 29 3.04 85.15

Time at onset of phase 3 is 924.44 minutes.

MMC ( 4 ) PHASE 3 5.26 53 10.07 53.53

PHASE 1 53.00 (5) — —

Irregular activity: 10.00 7 0.70 37.16

PHASE I 14.84 — — —

Irregular activity: 5.55 50 9.00 67.31

PHASE 1 26.02 (4) — —

Irregular activity: 23.41 18 0.77 39.13

PHASE 1 20.55 (3) — —

Irregular activity: 11.65 46 3.95 62.52

PHASE I 63.80 (2) — —

Irregular activity: 11.63 11 0.95 45.85

PHASE 1 24.91 (3) — —

Irregular activity: 13.17 11 0.84 59.40

PHASE 1 46.92 (8) — —

Irregular activity: 4.13 4 0.97 24.09

PHASE 1 22.65 — — —

Irregular activity: 28.82 55 1.91 53.51

PHASE 1 10.47 — — —

Irregular activity: 4.00 5 1.25 23.48

PHASE 1 65.92 (4) — —

Irregular activity: 12.90 8 0.62 21.58

PHASE 1 35.62 (3) — —

Irregular activity: 0.45 4 8.81 18.75

PHASE 1 31.22 (1) — —

******** Channel Site: JEJUNUM *******

Interval Contractions Frequency Mean Amplitude
minutes No. No./'min mmHg

PHASE 1 24.87 — —

Irregular activity: 0.98 4 4.10 49.78

PHASE 1 25.82 (2) — —

Irregular activity: 10.99 53 4.82 26.30
PHASE 1 16.80 — — —

Irregular activity: 7.42 66 8.90 41.87

PHASE 1 14.53 — — —

Irregular activity: 7.95 72 9.06 49.35
PHASE 1 18.88 — — —

Irregular activity: 5.72 59 10.32 55.26

PHASE 1 18.14 —

Irregular activity: 8.05 75 9.31 46.51
PHASE 1 18.37 — — —

Irregular activity: 8.21 76 9.26 38.92



PHASE 1 18.36 — — —

Irregular activity: 7.80 49 6.28 38.22

PHASE 1 13.08 — — —

Irregular activity; 8.74 56 6.41 30.86

PHASE 1 23.45 — — —

Irregular activity: 6.39 56 8.76 24.20

PHASE 1 22.10 — — —

Irregular activity: 7.78 63 8.09 26.84

PHASE 1 22.44 — — —

Irregular activity: 7.45 69 9.26 28.62

PHASE 1 20.36 — — —

Irregular activity: 6.21 60 9.66 43.27

PHASE 1 22.89 — — —

Irregular activity: 6.53 67 10.27 30.17

PHASE 1 21.00 — — —

Irregular activity: 11.33 44 3.88 40.25

PHASE 1 26.98 — — —

Irregular activity: 7.35 62 8.43 43.94

PHASE 1 25.86 — — —

PHASE 2 2.06 12 5.82 32.33

Time at onset of phase 3 is 475.22 minutes.

MMC ( I ) PHASE 3 5.26 54 10.26 39.18

PHASE 1 28.97 — — —

Irregular activity: 6.22 50 8.04 29.40

PHASE 1 24.43 — — —

PHASE 2 2.06 2 0.97 14.69

Time at onset of phase 3 is 542.15 minutes.

MMC ( 2 ) PHASE 3 6.40 57 8.91 38.81

PHASE 1 35.04 — — —

Irregular activity: 5.48 30 5.47 29.33

PHASE 1 24.97 — —

Irregular activity: 4.54 43 9.48 48.76

PHASE 1 61.61 (3) —

Irregular activity: 5.31 56 10.54 44.65

PHASE 1 31.27 — — ...

Irregular activity: 6.03 64 10.61 50.92

PHASE 1 57.28 (5) — —

Irregular activity: 5.74 60 10.46 53.81

PHASE 1 66.78 (1) — —

PHASE 2 14.25 10 0.70 19.39

Time at onset of phase 3 is 866.85 minutes.
MMC ( 3 ) PHASE 3 5.65 60 10.61 46.52

PHASE 1 33.30 (2) — —

Irregular activity: 9.08 5 0.55 17.25

PHASE 1 8.91 — — —

Irregular activity: 7.47 52 6.96 50.55

PHASE 1 53.99 (6) — —



rregular activity: 11.14 6 0.54 17.85

PHASE 1 15.75 — — —

rregular activity: 5.89 52 8.83 54.20

PHASE 1 14.30 (3) — —

rregular activity: 26.75 16 0.60 25.27

PHASE 1 9.00 — — —

rregular activity: 6.76 4 0.59 27.69

PHASE 1 16.64 (3) — —

rregular activity: 5.56 39 7.01 36.99

PHASE 1 35.77 (3) — ___

rregular activity: 50.22 54 1.08 24.47

PHASE 1 9.43 — — —

rregular activity: 57.68 42 0.73 24.22

PHASE 1 27.07 (5) — —

rregular activity: 54.02 79 1.46 28.53

PHASE 1 31.36 (4) — —

rregular activity: 5.50 5 0.91 23.10

PHASE 1 7.50 — — ___

rregular activity: 46.37 26 0.56 26.95

PHASE 1 24.05 (2) — —

PHASE 2 18.69 9 0.48 24.25

Analysis of phasic bursts within Fasting Phase.

********Fasting Phasic Bursts in Channel: DUODENUM *******

Interval Contractions Frequency Mean Amplitude
minutes No. No./min mmHg

Time at onset of burst is 53 .29 minutes.
Phasic burst ( 1 ) 8.48 65 7.67 60.12

Time at onset of burst is 77.14 minutes.
Phasic burst ( 2 ) 7.41 65 8.77 50.14

Time at onset of burst is 100.80 minutes.
Phasic burst ( 3 ) 6.59 56 8.50 64.63

Time at onset of burst is 126.42 minutes.
Phasic burst ( 4 ) 6.94 60 8.64 54.57

Time at onset of burst is 151.67 minutes.
Phasic burst ( 5 ) 7.50 63 8.40 50.26

Time at onset of burst is 176 .95 minutes.
Phasic burst ( 6 ) 9.46 68 7.19 48.99

Time at onset of burst is 202.40 minutes.
Phasic burst ( 7 ) 6.90 56 8.12 46.02

Time at onset of burst is 225 .81 minutes.



Phasic burst ( 8 ) 9.70 46 4.74 48.48
Time at onset of burst is 258.20 minutes.

Phasic burst ( 9 ) 7.49 36 4.81 54.69
Time at onset of burst is 287.23 minutes.

Phasic burst ( 10 ) 7.38 36 4.88 50.85
Time at onset of burst is 317.07 minutes.

Phasic burst ( 11 ) 7.07 42 5 .94 48.91
Time at onset of burst is 342.29 minutes.

Phasic burst ( 12 ) 7.59 44 5.80 44.50
Time at onset of burst is 371.52 minutes.

Phasic burst ( 13 ) 7.30 42 5.75 58.43
Time at onset of burst is 403.60 minutes.

Phasic burst ( 14 ) 6.79 33 4.86 45.35
Time at onset of burst is 438.56 minutes.

Phasic burst ( 15 ) 8.23 47 5.71 49.68
Time at onset of burst is 473.55 minutes.

Phasic burst ( 16 ) 7.73 45 5.83 42.82
Time at onset of burst is 507 .87 minutes.

Phasic burst ( 17 ) 7.18 39 5.44 37.45
Time at onset of burst is 538.03 minutes.

Phasic burst ( 18 ) 12.13 60 4.95 44.31
Time at onset of burst is 573 .68 minutes.

Phasic burst ( 19 ) 2.68 15 5.61 67.95
Time at onset of burst is 608 .85 minutes.

Phasic burst (20 ) 8.50 36 4.23 69.30
Time at onset of burst is 643 .68 minutes.

Phasic burst ( 21 ) 3.93 13 3.31 108.09
Time at onset of burst is 676.05 minutes.

Phasic burst ( 22 ) 8.00 51 6.38 48.05
Time at onset of burst is 709.94 minutes.

Phasic burst (23 ) 8.11 50 6.17 68.38
Time at onset of burst is 748.30 minutes.

Phasic burst ( 24 ) 7.09 34 4.79 81.28
Time at onset of burst is 776.20 minutes.

Phasic burst ( 25 ) 5.90 39 6.61 66 50
Time at onset of burst is 863.73 minutes.

Phasic burst ( 26 ) 4.73 33 6.98 50,61
Time at onset of burst is 920.10 minutes.

Phasic burst ( 27 ) 9.60 77 8.02 65.95
Time at onset of burst is 1007.84 minutes.

Phasic burst ( 28 ) 5.26 49 9.31 67.35
Time at onset of burst is 1090.42 minutes.

Phasic burst ( 29 ) 4.32 40 9.26 65.09
Time at onset of burst is 1296.57 minutes.

Phasic burst ( 30 ) 4.40 18 4.09 73.76
Time at onset of burst is 1307.17 minutes.

Phasic burst ( 31 ) 1.18 11 9.36 48.09



********FaSting Phasic Bursts in Channel: JEJUNUM *******

Interval
minutes

Time at onset of burst
Phasic burst ( 1 ) 5.71

Time at onset of burst
Phasic burst ( 2 ) 7.30

Time at onset of burst
Phasic burst ( 3 ) 6.64

Time at onset of burst
Phasic burst ( 4 ) 5.72

Time at onset of burst
Phasic burst ( 5 ) 7.85

Time at onset of burst
Phasic burst ( 6 ) 8.11

Time at onset of burst
Phasic burst ( 7 ) 5.98

Time at onset of burst
Phasic burst ( 8 ) 6.58

Time at onset of burst
Phasic burst ( 9 ) 6.13

Time at onset of burst
Phasic burst ( 10 ) 7.60

Time at onset of burst
Phasic burst ( 11 ) 7.30

Time at onset of burst
Phasic burst ( 12 ) 6.12

Time at onset of burst
Phasic burst ( 13 ) 6.43

Time at onset of burst
Phasic burst ( 14 ) 5.82

Time at onset of burst
Phasic burst ( 15 ) 7.35

Time at onset of burst
Phasic burst ( 16 ) 6.08

Time at onset of burst
Phasic burst ( 17 ) 6.22

Time at onset of burst
Phasic burst ( 18 ) 6.91

Time at onset of burst
Phasic burst ( 19 ) 4.32

Time at onset of burst
Phasic burst ( 20 ) 4.33

Contractions
No.

57.27 minutes.
49

79.90 minutes.
65

101.93 minutes
70

128.56 minutes
59

152.63 minutes
74

178.94 minutes
75

205.69 minutes
47

226.30 minutes
55

258.75 minutes
55

287.16 minutes
62

317.35 minutes
68

345.10 minutes
59

374.21 minutes.
66

405.13 minutes.
42

439.95 minutes.
62

474.40 minutes.
63

509.45 minutes.
50

542.15 minutes.
58

584.76 minutes.
25

614.26 minutes.
42

Frequency
No./min

8.58

8.90

10.54

10.32

9.43

9.24

7.86

8.35

8.98

8.16

9.32

9.64

10.27

7.22

8.43

10.36

8.04

8.40

5.79

9.71

Mean Amplitude
mmHg

27.23

42.16

49.68

55.26

46.71 '

39.23

38.16

30.98

24.31

27.04

28.85

43.88

30.31

41.07

43.94

38.87

29.40

38.60

31.36

49.11



Time at onset of burst is 680 .19 minutes.
Phasic burst ( 21 ) 5.31 56 10.54 44.65

Time at onset of burst is 716.95 minutes.
Phasic burst (22 ) 5 .86 63 10.75 51.44

Time at onset of burst is 780.46 minutes.
Phasic burst ( 23 ) 5.37 58 10.81 55.14

Time at onset of burst is 866.52 minutes.
Phasic burst (24 ) 5.98 62 10.36 45.64

Time at onset of burst is 926.55 minutes.
Phasic burst (25 ) 4.71 50 10.62 51.70

Time at onset of burst is 1012.15 minutes.
Phasic burst (26 ) 4.63 50 10.79 54.76

Time at onset of burst is 1093.47 minutes.
Phasic burst (27 ) 3.58 38 10.63 37.16

Time at onset of burst is 1322.63 minutes.
Phasic burst (28 ) 4.19 18 4.29 31.48

* Velocity (Ch. 2 - 3 ) ofNo. 1 - I is 3.01cms/min. **

* Velocity (Ch. 2 - 3 ) of No. 2 - 2 is 4.34cms/min. **

* Velocity (Ch. 2 - 3 ) of No. 3 - 3 is 10.59cms/min. **

* Velocity (Ch. 2 - 3 ) of No. 4 - 4 is 5.60cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 5 - 5 is 12.52cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 6 - 6 is 6.05cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 7 - 7 is 3.65cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 8 - 8 is 24.62cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 9 - 9 is 21.65cms/min. **

* Velocity (Ch. 3 - 2 ) ofNo. 10 - 10 is 160.00cms/min. Simultaneous

* Velocity (Ch. 2 - 3 ) ofNo. 11 - 11 is 42.35cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 12 - 12 is 4.27cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 13 - 13 is 4.46cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 14 - 14 is 7.83cms/min. **

* Velocity (Ch. 2 - 3 ) ofNo. 15 - 15 is 8.67cms/min. **



Velocity (Ch. 2 - 3 ) ofNo.

Velocity (Ch. 2 - 3 ) of No.

Velocity (Ch. 2 - 3 ) of No.

Velocity (Ch. 2 - 3 ) of No.

Velocity (Ch. 2 - 3 ) ofNo.

Velocity (Ch. 2 - 3 ) ofNo.

Velocity (Ch. 2 - 3 ) ofNo.

Velocity (Ch. 2 - 3 ) ofNo.

Velocity (Ch. 2 - 3 ) of No.

Velocity (Ch. 2 - 3 ) ofNo.

Velocity (Ch. 2 - 3 ) of No.

- 16 is 14.19cms/min. **

-17 is 7.60cms/min. **

-18 is 2.91cms/min. **

- 20 is 2.22cms/min. **

-21 is 2.89cms/min. **

- 22 is 1.71cms/min. **

- 23 is 2.82cms/min. **

- 24 is 4.30cms/min. **

- 25 is 1.86cms/min. **

- 26 is 2.79cms/min. **

- 27 is 3 .94cms/min. **
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20
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END OF ANALYSIS jmd201 DAT
END OF ANALYSIS jmd202.DAT
END OF ANALYSIS jmd203.DAT


