British Journal of Anaesthesia 19923 69 (Suppl. 1): 25-19S

PHYSIOLOGY OF NAUSEA AND VOMITING

P. L. R. ANDREWS

INTRODUCTION : WHY IS THE MECHANISM NOT
KNOWN ?

Nausea and vomiting have been associated for many
years with the use of general anaesthetics for surgical
procedures, and descriptions of these side effects,
induced by ether and chloroform, were included in
the earliest textbooks of pharmacology and thera-
peutics. One of the first extensive descriptions of the
phenomenon was by John Snow, published in 1848,
within 18 months of the introduction of anaesthesia
into Britain [93]. He observed that vomiting was
more likely to occur if the patient had eaten recently.
In most cases the vomiting lasted only a few minutes
but in some it continued for hours or even days. He
suspected that movement shortly after operation
may have triggered the vomiting. Postoperative
treatment included wine (which he considered more
beneficial than smelling salts!) and Battley’s solution
of opium.

There has been a general trend towards a decrease
in the incidence and intensity of the problem because
of the use of less emetic anaesthetic agents, improved
pre- and postoperative medication (e.g. analgesics),
refinement of operative technique and identification
of patient predictive factors [33]. However, in spite
of these advances, nausea and vomiting still occur
with unacceptable frequency in association with
surgery and anaesthesia and the description of it as
“the big little problem” [56] encapsulates much of
the general perception. Although anaesthetics have
been used to facilitate surgical procedures for almost
150 years, why is the mechanism of nausea and
vomiting not known? This probably reflects at least
four factors.

The complexity of the problem. Careful clinical
studies of the phenomenon should give important
clues to the mechanism but a consideration of the
variables shows how difficult it may be to get other
than some general indications. If we take a simple
example using two patient variables (age, gender),
three operative site variables (head and neck,
abdomen, other), two premedication variables and
three different anaesthetics, then the number of
possible combinations is 36. It is clear, therefore,
that to identify a mechanism or to assess the effects
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of an intervention on emesis requires a considerable
number of patients in well controlled trials.

Inadequate quantification of the phenomenon. Al-
though there have been a large number of clinical
trials, in general the phenomenon has been poorly
quantified ; many studies fail to distinguish between
nausea and vomiting, or retching and vomiting,
although in most, but not all, of the more recent
studies these variables have been fully quantified. In
addition, until recently there was little detailed
information on the time course of postoperative
nausea and vomiting (PONYV), a particularly useful
source of clues about mechanisms.

Inadequate antiemetic regimens. Although emesis
is a common symptom of disease, a side effect of
many therapies (e.g. cytotoxic chemotherapy, radio-
therapy, L.-dopa) and a result of ‘““natural” stimuli
(e.g. motion, pregnancy), the physiology of emetic
mechanisms has not been an area of particularly
intense research since the classical studies of Wang
and Borison in the late 1940s and 1950s [102-104].
Interest in basic mechanisms has been rekindled in
recent years because attention has focused on the
particularly distressing nausea and vomiting induced
by anticancer chemotherapy. Additionally, the suc-
cess of 5-hydroxytryptamine-3 (5-HT,) receptor
antagonists (e.g. ondansetron and granisetron) in
treating this emesis has provided critical insights
into the pathways involved in this form of emesis [8].
If 5-HT, receptor antagonists are found to be as
effective against PONYV as they are against anticancer
therapies then it may at last be possible to identify
the predominant mechanism involved.

Animal models. One major factor that has limited
physiological and pharmacological studies of the
mechanism of PONV is the apparent lack of a
suitable animal model. Many of the common lab-
oratory species such as rats and rabbits do not vomit
irrespective of the stimulus, although they appear to
exhibit ‘“‘behavioural equivalents” of nausea.
Carnivores (cat, dog and ferret) and laboratory
primates (monkey, marmoset), as far as is known,
respond to virtually the same range of emetic stimuli
as man, including cytotoxic drugs and radiation,
although there are considerable species differences in
sensitivity. However, these species do not appear to
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suffer from pregnancy sickness, and postoperative
and postanaesthetic emesis is not a commonly en-
countered problem. When PONV is encountered,
it can often be ascribed readily to the premedication
(e.g. morphine) or to the particular surgical pro-
cedure, although again there are species differences.
For example, vomiting is not an uncommon sequelae
to truncal vagotomy in the dog (and man) but is rare
in the ferret [Bingham and Andrews, unpublished
observation]. Perhaps it is not surprising that animals
do not have PONV as experimental and even
veterinary surgery do not mimic the entire clinical
experience of a patient undergoing elective or
emergency surgery.

Whatever the reason for the apparent differences
between man and animals, the lack of an appropriate
model has certainly hampered identification of
mechanisms and hence the design of rational
therapies based upon such an understanding. As a
result, the tendency in PONV research has been to
undertake clinical trials of agents whose antiemetic
activity has been demonstrated against other stimuli
such as motion (e.g. atropine) or gastrointestinal
motility disorders (e.g. domperidone, metoclo-
pramide). This approach continues with the trials of
the 5-HT; receptor antagonists such as ondansetron
(Zofran) which have been demonstrated to be
effective to date against cytotoxic chemotherapy and
radiotherapy-induced emesis [6, 37].

Taking these limitations into account, this review
attempts to identify the specific mechanisms by
which premedication, surgery and anaesthetics may
activate the emetic reflex. Although the review is
highly speculative in parts, the mechanisms proposed
are, in general, testable. Before discussing the
afferent, integrating and motor mechanisms of the
reflex, it is perhaps worth reviewing nausea and
vomiting in a more general biological than clinical
context.

NAUSEA AND VOMITING IN BIOLOGICAL AND CLINICAL
CONTEXTS

Definitions and functions

Nausia is an unpleasant, but not painful, sensation
referred to the pharynx and upper abdomen,
associated with a desire to vomit or the feeling that
vomiting is imminent. It may be brief or prolonged,
often occurring in “waves’’ and precedes vomiting
or occurs in isolation. Vomiting may actually
alleviate the sensation of nausea.

Vomiting is the forceful expulsion of upper
gastrointestinal contents via the mouth and is
usually, but not always, preceded by retching where
no expulsion takes place but which involves ac-
tivation of the same muscle groups (see below).
Vomiting should not be confused with gastro-
oesophageal reflux or regurgitation, neither of which
is forceful nor involves the same pattern of muscle
activation as retching and vomiting.

Nausea and' vomiting are most often regarded
clinically as undesirable side effects but in the natural
world they have specific functions contributing to

.the §urvival of the animal. In the obligatory functions
of eating and drinking, as with breathing, the body
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exposes itself to toxins [38]. The senses of vision,
taste and smell are all used to provide information
about food before swallowing, but many poisons are
not bitter tasting, foul smelling or brightly coloured
and so may not be identified by these senses that may
be regarded as the first line of defence. After the
contaminated food has passed the upper oesophageal
sphincter, it can only be removed from the body
rapidly by vomiting or possibly by diarrhoea. For
the toxin to be ejected it must first be recognized as
such, and this occurs by detectors in the lumen of the
upper gut (pre-absorptive) and the circulation (post-
absorptive). These detectors trigger a series of events
which may be summarized and rationalized as
follows: (i) nausea to stop further ingestion and to
facilitate the development of a learned aversion so
that the food is rejected before ingestion when
encountered again; (ii) gastric relaxation to reduce
gastric emptying of the contaminated food and
intestinal retroperistalsis to return any contaminated
food to the stomach; and (iii) retching and vomiting
to purge the stomach.

Viewing nausea and vomiting from this perspec-
tive has implications for the way they are regarded in
the clinic. First, as far as can be ascertained, the
vomiting reflex evolved as a defensive reflex centred
around the gastrointestinal tract. Mechanisms for
the ejection of contaminated food are found through-
out the animal kingdom, ranging from invertebrates,
such as the starfish, to vertebrates including fish (e.g.
trout, sharks and tuna), amphibia (e.g. frog) and
birds (e.g. seagull, hawk), although the motor
mechanism differs somewhat from that used by
mammals. For vomiting to be evoked in any species,
all that is needed is that the stimulus triggers one of
the detection systems: there is no requirement for a
specialized system for each type of stimulus. Second,
the nausea and vomiting evoked by contaminated
food is considered to be “‘appropriate’ in that it
leads to expulsion of the driving stimulus but in most
clinical contexts the nausea and vomiting are ‘““in-
appropriate” and have several additional adverse
effects which are outlined below.

Consequences of PONV

If PONV was without detrimental effects to the
patient, either real or potential, then there would be
less pressing need to identify the mechanism and
design therapies. However, this is clearly not the case
and the effects of nausea and vomiting may be even
more extensive than is at first appreciated. They may
be classified into three types.

Physical. Retching and vomiting are fairly violent
and intense physical acts and as such may place
considerable stress upon certain structures, even in
healthy subjects, particularly if protracted. These
include oesophageal tears, possibly resulting in
haemorrhage (Mallory-Weiss syndrome) and rup-
ture of the oesophagus (Boerhaave syndrome), rib
fracture, gastric herniation, muscular strain and
fatigue, and rupture of cutaneous vessels in the
upper body. The occurrence of these in association
with PONYV is unlikely because of its usually mild
and brief nature, but this list serves to illustrate the
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forces involved in vomiting and why vomiting may
cause wound dehiscence, intraocular bleeding and
bleeding of skin flaps in the upper body after plastic
surgery [94, 100].

The major physical problem associated with
vomiting in the postoperative period is aspiration of
vomitus and the triggering of cardiorespiratory
reflexes. A component of the motor programme of
the vomiting reflex ensures that the airways are
protected but, because of the effect of anaesthesia,
reflex coordination may be impaired in some
patients. Similar problems may occur after over-
indulgence with alcohol or in patients with damage
to the brain stem. The mechanism underlying the
failure of this automatic protective reflex for the
airways is unclear but suggests a differential effect of
anaesthetics on brain stem neurones. Under even
deep surgical anaesthesia, animals and man continue
to breathe spontaneously but vomiting is rare.
During vomiting the intrathoracic pressure exceeds
atmospheric because of transmission of increased
intra-abdominal pressure to the thorax, thus for
aspiration of vomitus to occur there must be
stimulation of inspiration and opening of the glottis
during this expulsive phase. In addition to failure of
the coordination mechanism, there may also be
depression of the mechanism that usually increases
the level of arousal before vomiting.

Metabolic. The metabolic consequences of
vomiting have been described extensively and in-
clude anorexia, dehydration and alkalaemia. These
metabolic effects tend to occur when there is
prolonged vomiting and are unlikely to be a problem
in PONYV as it is usually of short duration.

Psychological. The psychological - impact of
nausea and vomiting associated with anticancer
chemotherapy and radiotherapy has long been
recognized but PONV may also have such effects.
Nausea is a very aversive stimulus and if induced by
a particular food may induce a life-long aversion to
that food [80]. This aversion is appropriate and
forms part of the body’s defence mechanism against
poisonous foods. In the context of surgery, the
nausea (and vomiting) are associated with the
operative experience and may induce an aversion to
further surgery, although for most patients this is
unlikely to be a problem as multiple experiences of
surgery are not common in the life of an individual.
In addition, if a patient experienced PONV on one
occasion, there may be an expectation that it may
occur with subsequent surgery. In one study, the
incidence of PONV was three times greater in
patients who had previous experience of PONV [81].
This suggests that the sensitivity of the emetic reflex
may be altered by higher inputs, although the
pathways involved are not defined. This observation
has a broader implication as it may suggest that the
sensitivity of an individual to a particular emetic
stimulus is centributed to by their previous emetic
history. This may account for the increased inci-
dence of nausea and vomiting after surgery, anti-
cancer therapy with cytotoxic drugs and pregnancy
in patients who are sensitive to motion stimuli. If the
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emetic pathways become sensitized to other stimuli
by motion, there is no reason why there should not
be cross-sensitization between other stimuli.

WHY DO POSTOPERATIVE NAUSEA AND VOMITING
OCCUR?

The section above has emphasized that nausea and
vomiting are natural responses that may be regarded
as components of the body’s defence system against
ingested toxins: why then should anaesthesia and
surgery induce nausea and vomiting? The reason
does not lie in the fact that there is anything
particularly special about anaesthesia and surgery
but that, as with so many clinical situations in which
nausea and vomiting occur, some feature of this
treatment is capable of activating the emetic
detectors. Thus it is not necessary to propose
specialized detectors for each type of stimulus but
only to show how the stimulus under consideration
activates one of the triggers for the system. The logic
of this approach is apparent when we consider that
the vomiting reflex is present in animals that evolved
long before medicine originated: the detectors that
trigger the reflex evolved to identify potentially
hazardous features of the natural and not the clinical
environment. A similar argument can be proposed
for motion sickness which, although it can be
induced by riding some animals (e.g. camel), is
associated most usually with man-made forms of
transport.

The vomiting induced by contaminated food
present in the gut lumen is appropriate as it leads
directly to the ejection of the stimulus and as such is
self-limiting. In contrast, many clinically relevant
emetic stimuli are located in the plasma and,
although they may trigger vomiting, the stimulus
remains, contributing to the protracted nature of the
emetic response seen with some drugs.

Although in broad terms we can say “why”
anaesthesia and surgery can induce nausea and
vomiting, the question ‘““how’’ is much harder and as
yet we do not have a satisfactory answer, even
though it is possible to identify several of the most
likely possibilities. Before discussing these specific
mechanisms, the basic mechanisms of emesis will be
reviewed briefly to provide a framework for dis-
cussion.

GENERAL MECHANISMS OF EMESIS

Three major components comprising the vomiting
reflex can be identified: emetic detectors, integrative
mechanisms and motor outputs. These will be
discussed separately.

Emetic detectors

The key question that must be addressed is how
the various components that may contribute to
PONV, such as opioid premedication, the anaes-
thetic and surgical manipulation, trigger detection
systems that have evolved primarily to detect
ingested toxins? The section below describes the
main ways in which the emetic system is stimulated
and the way in which the stimuli relevant to PONV
may cause activation are discussed in the sections
that follow.
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Abdonunal visceral afferents. As the major function
of the vomiting reflex is to protect against the
accidental ingestion of toxins in the food, it is not
surprising that the gut should have detection systems
capable of activating the reflex. Indeed the gut
afferents may be viewed as the second line of defence
against poisoning via food if it has circumvented
detection by vision, taste and smell which represent
the first line [38]. The vagus is the major nerve
involved in the detection of emetic stimuli and in its
abdominal course contains about 80-90 %, afferent
fibres. Electrical stimulation of the abdominal vagal
afferents is capable of inducing emesis within 20 s,
thus illustrating the potential of the pathway for
rapid ejection of gastric contents (6). Two types of
vagal afferent fibre are involved in the emetic
response: (i) mechanoreceptors, located in the mus-
cular wall of the gut are activated by both contraction
and distension of the gut [4, 49]. Distension of the
gastric antrum (e.g. by over-eating) or proximal
small intestine (e.g. by obstruction) may induce
nausea and vomiting by stimulation of these
afferents; (ii) chemoreceptors, located in the mucosa
of the upper gut, monitor several features of the
intraluminal environment. They respond to mucosal
stroking, acid, alkali, hypertonic solutions, tem-
perature and irritants (e.g. copper sulphate) [4, 48,
49]. As lesion studies have shown that the emesis
induced by intragastric hypertonic sodium chloride
and copper sulphate is reduced or abolished by
vagotomy, it is likely that it is these mucosal afferents
that are responsible [6, 104]. Emesis induced by
intraluminal bacterial toxins, such as staphylococcal
enterotoxin, can also be abolished by vagotomy [96]
and it is probable that such agents can also activate
the mucosal vagal afferents, although this has not
been studied formally.

The substrate for the polymodal mucosal chemo-
receptor is not known but the current hypothesis
suggests an arrangement rather like that in the taste
buds or carotid body with a ““detector cell”” respond-
ing to a range of stimuli and releasing a neuro-
transmitter to discharge an afferent terminating in
close proximity. In the intestine, the entero-
chromaffin cell has been proposed as the detector
cell, although this awaits experimental confirmation.

Area postrema. The studies of Wang and Borison
[102-104] brought about a major change in under-
standing the way in which emetic agents were
detected and subsequently triggered the vomiting
reflex. It had long been known that emesis could be
induced by application of chemicals to the dorsal
surface of the brain stem and it was assumed that this
was through direct stimulation of the vomiting
centre, thought to be located in this region. However,
Wang and Borison [102, 104] demonstrated that
several stimuli were detected by cells of the area
postrema, termed the chemoreceptor trigger zone for
emesis, which in turn activated the vomiting centre.
Whilst there is no doubt that the area postrema when
appropriately activated can induce emesis, its de-
scription as the chemoreceptor trigger zone has lead
to the assumption that al/ chemicals in the circulation
must induce emesis by this route.
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The area postrema in man is a U-shaped structure
a few millimetres long located in the caudal part of
the fourth ventricle in the region of the obex [66].
Significantly, the area postrema is present in animals
with (e.g. ferret) and without (e.g. rat) an emetic
reflex, which suggests that it has functions other than
emesis [25]. The area postrema is one of the
circumventricular organs of the brain and is outside
the blood-brain barrier and the cerebrospinal fluid-
brain barrier [66]. It is therefore relatively permeable
to polar molecules in the blood or cerebrospinal
fluid, a feature which makes it ideally suited for a
general chemoreceptor function.

Vestibular system. The vestibular labyrinthine
system is essential for induction of emesis by motion
stimuli. However, the evolutionary significance of an
emetic response to motion is puzzling, but Treisman
[98] proposed that when an animal is poisoned it may
become unsteady on its feet and hence the labyrinths
may be stimulated by such swaying motion. Ob-
viously such a mechanism cannot apply to patients,
although sudden movements of the head should be
avoided after treatment to minimize any labyrinthine
input to the vomiting centre, particularly in patients
who have been relatively immobile for some time in
a recumbent posture. The labyrinthine input should
also be borne in mind when moving patients laying
down on trolleys after surgery, as this additional
input may induce emesis. Experimental studies in
man suggest that the position of the head (and
therefore the degree of labyrinthine stimulation) can
influence the emetic response to apomorphine [53]
which acts via the area postrema, and hence there is
no reason why other emetic stimuli should not be
affected in a similar way.

There is limited evidence that the wvestibular
system may be involved directly in the emetic
response to some drugs. Studies in the dog revealed
that removal of the vestibular system reduced the
emetic response to lobeline, L-dopa and nicotine but
not pilocarpine or apomorphine [71]. The most
likely explanation is that these drugs are able to
discharge vestibular afferents and to facilitate the
primary effects they have on the emetic mechanism.

Higher influences. Studies in decerebrate animals
have revealed that the integrative circuitry for the
motor components of the emetic reflex reside in the
brain stem and that such animals are capable of
responding to emetic stimuli acting via the area
postrema, vagus or even vestibular labyrinths. The
role of higher cerebral influences is at present unclear
but there is little doubt that inputs from such areas
(e.g. limbic system) can induce nausea and vomiting
[90].

These higher inputs appear to have a mainly
facilitatory role in modulating the sensitivity of the
brain stem emetic mechanism rather than acting as
primary detectors of the emetic stimuli.

Miscellaneous inpurs. Nausea and vomiting can be
activated from several other regions of the body.
Unpleasant tastes can induce nausea and retching,
although it is not clear if this is a primary response or
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secondary to association with illness experienced as a
result of prior exposure (a learned aversion). Nausea,
and gagging in particular, can be evoked readily by
mechanical stimulation of pharyngeal afferents pro-
jecting to the brain stem in the glossopharyngeal
nerve. There may be a heightened awareness of this
region associated with nausea.

After gastronomic over-indulgence, it was com-
mon practice for the Romans to retire to the
Vomitorium and stimulate their tympanum with a
feather to induce prompt emesis. This procedure
stimulates the auricular branch of the vagus nerve,
also known as Arnold’s nerve or the Alderman’s
nerve.

Ventricular cardiac afferents may induce nausea
and vomiting in man and experimental animals, and
their activation probably accounts for these
symptoms (particular nausea) before, or in associ-
ation with, myocardial infarction [1, 92].

Organization of the vomiting reflex

The motor components of the reflex are mediated
by both autonomic and somatic nerves. All these
motor pathways have non-emetic functions. For
example, the vagal non-adrenergic, non-cholinergic
innervation of the stomach mediates gastric relax-
ation for the storage of food and the phrenic nerve
contracts the diaphragm for inspiration. In the
vomiting reflex, these and many other motor path-
ways are activated in a unique pattern. Vomiting can
be considered to be a stereotyped motor programme
involving co-ordination between many physiological
systems and between the autonomic and somatic
components of the nervous system. An impression of
the degree of co-ordination may be gained from the
observation that the retrograde giant contraction in
the small intestine is not initiated until the proximal
stomach has relaxed and retching does not start until
the retrograde giant contraction has reached the
stomach [61].

The term vomiting centre has been used widely to
describe the central emetic co-ordinating mech-
anism. As in other areas of physiology, such
terminology is now only used as a convenient
shorthand for the co-ordinating system and as a
substitute for an adequate description of the neuro-
anatomical substrates subserving such a function.

The co-ordination of the motor components of the
vomiting reflex occurs in the brain stem. It is here
that the vagal motor neurones supplying the gut and
heart originate in the dorsal motor vagal nucleus and
nucleus ambiguus. 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 sympathetic tone to the heart and
blood vessels. The output of these nuclei must be co-
ordinated to produce the characteristic vomiting
pattern described above. A promising candidate for
this task is the nucleus tractus solitarius. This is
probably the major integrative nucleus for visceral
afferent information and, in addition, the ventral
portion forms the dorsal respiratory neuronal group
involved in the regulation of respiration [70].
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Another candidate for the co-ordinating area is the
parvicellular reticular formation and this has been
reported to have many of the neuroanatomical
connections consistent with such a role [69].

Motor components of the vomiring reflex

Whilst the often spectacular ejection of upper
gastrointestinal contents is the most obvious com-
ponent of the vomiting reflex, it represents only the
culmination of a series of motor events involving
both the autonomic and somatic divisions of the
nervous system. For convenience we shall divide the
reflex into two separate, but usually consecutive
phases: pre-ejection and ejection.

Pre-¢jection. The pre-ejection or prodromal phase
is characterized by the sensation of nausea, the
physiological basis of which is poorly understood.
There are several visible signs such as cold sweating,
cutaneous vasoconstriction and pupil dilatation
mediated by sympathetic nerves and salivation
mediated by parasympathetic nerves. In addition,
changes occur in visceral function such as tachy-
cardia and a reduction in gastric secretion, both
mediated probably by sympathetic activation. Im-
mediately before the onset of the ejection phase there
is profound relaxation of the proximal stomach
mediated by vagal efferent nerves activating post-
ganglionic neurones in the stomach wall [48]. These
neurones probably use vasoactive intestinal poly-
peptide (VIP) or nitric oxide as neurotransmitter.
In conjunction with this, a retrograde giant con-
traction originates in the mid-small intestine and
travels towards the stomach. The retrograde giant
contraction is under vagal control and the transmitter
involved is acetylcholine. These two gut motor
events are of particular interest as they can be argued
to have a clear function in the reflex—the gastric
relaxation serving to confine orally ingested toxin to
the stomach and the retrograde giant contraction
returning any contaminated gastric contents to the
stomach ready for ejection [39, 61]. The pre-ejection
phase is usually, but not invariably, followed by the
ejection phase.

Ejection phase. This phase comprises retching and
vomiting with oral expulsion of gut contents only
occurring during vomiting. The function of retching
is unclear but it may be involved in overcoming the
multicomponent antireflux barrier present in the
region of the gastro—oesophageal junction (see [5] for
discussion). Both retching and vomiting involve
principally contractions of the somatic muscles of
the abdomen and diaphragm. During retching the
abdominal muscles and the entire diaphragm con-
tract synchronously whereas during vomiting the
peri-oesophageal diaphragm relaxes, presumably to
facilitate passage of gastric contents into the oesoph-
agus and hence to the outside world [7, 70]. Thus the
actual expulsion of gastric contents is caused by
compression of the stomach by the descending
diaphragm and the contracting abdominal muscles
under the influence of somatic motor neurones [7,
70]. During retching and vomiting, all animals adopt
a characteristic posture, presumably to optimize
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compression of the stomach by the somatic muscles
and to minimize strain on muscle groups and
structures not involved in vomiting [7].

HOW ARE POSTOPERATIVE NAUSEA AND VOMITING
TRIGGERED ?

It is most likely that there is not one single feature of
the surgical environment that is the single cause of
PONYV but the cause is probably multifactorial with
a differing contribution from each factor depending
upon the precise clinical situation. From the studies
undertaken it is possible to identify the most likely
triggers that induce PONV and to propose how they
activate the reflex. For convenience each is reviewed
separately. The factors are placed in the approximate
temporal sequence in which the patient is exposed.

Preoperative Factors
Food

The induction of anaesthesia shortly after a meal is
well known to be associated with emesis during both
the induction and the postoperative period [22, 87].
In the case of elective surgery it is possible to be sure
of the time the last meal was eaten but in the case of
accident victims this may not be possible. In
addition, although reasonable time may be allowed
by the anaesthetist for gastric emptying to occur
(4-6 h), this may still not ensure that the stomach is
empty as there is large individual variation in normal
gastric emptying rates with the liquid phase of a meal
emptying exponentially and the solid phase linearly
after a lag phase. Also, emptying rate is dependent
upon the volume and chemical composition of the
meal, with fatty meals being emptied relatively
slowly. In addition, any trauma associated with the
accident is likely to induce a slowing of emptying via
sympathetic activation.

Although it may seem self-evident that the presence
of food promotes retching and vomiting, the mech-
anism requires some consideration. Food, unless
consumed in very large quantities, is not an emetic
stimulus so why should it be so under these
conditions? As mentioned above, postoperative em-
esis does not appear to be common in laboratory
animals, however, emesis sometimes occurs on
induction. In the ferret (a carnivore), urethane (ethyl
carbamate) given i.p., produces a reliable, stable and
long-lasting anaesthesia particularly suitable for
neurophysiological studies. The time to surgical
anaesthesia is about 10 min. In the vast majority of
animals, when urethane is administered the animal
rapidly becomes immobile, although there may be
profuse salivation. However, if the animal has not
been deprived of food for at least 12 h, retching and
vomiting occur in almost all animals within a few
minutes of administration [Bingham and Andrews,
unpublished observations)]. This emesis occurs after
the animal has lost postural control but before
surgical anaesthesia and hence may be considered to
take place in stage IT of anaesthesia (the excitement
phase). Because of the nature of the anaesthetic and
route of administration these observations do not
have a direct parallel to the human experience,
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however they do illustrate an important point: two
stimuli, neither of which alone induce emesis, can
combine to induce the response. The food induces
abdominal vagal afferent activation both by its
volume and chemical composition and this in
combination with a central effect of the anaesthetic
may provide a sufficient emetic drive. In addition, in
this phase where postural reflexes are lost, the animal
may have nystagmus which provides an additional
“pro-emetic” stimulus via a vestibulo~visual mis-
match as occurs in motion sickness.

Following a meal, the gut also releases several
hormones (e.g. gastrin, motilin, peptide YY), some
of which have been shown to activate neurones in the
area postrema when applied from micropipettes and
to induce emesis when given systemically in high
doses or into the cerebral ventricular system [29, 30,
31, 60]. Thus some circulating gut hormones could
sensitize the area postrema and hence the emetic
reflex to the effects of other stimuli. There is also an
increase in hepatic portal vein 5-HT after a meal [86]
or administration of the gastrin analog pentagastrin
[46] and this may also have a sensitizing effect on the
gastrointestinal afferents as has been suggested to
occur after cytotoxic drugs and radiation and to
contribute to the emetic side effects of these
anticancer therapies [8].

In man, the problem of vomiting during the
induction phase of anaesthesia can be minimized by
using a rapid induction technique combined with
cricoid pressure (Sellick’s manoeuvre) as conscious-
ness is lost [76].

The above discussion raises an important general
issue that will be a recurrent theme in this review, of
interactions between stimuli or sensitization to one
stimulus by another. It also illustrates the difficulty
of elucidating the mechanism of PONV as even the
simple problem of the interaction between food and
anaesthesia in the induction phase has several
possible mechanisms.

The presence of food in the stomach is also
reported to increase the incidence of nausea and
vomiting in the postoperative period [22]. The
mechanisms involved are probably similar to those
outlined above but are augmented by the peri-
operative and postoperative factors outlined below.

Although we have concentrated on the pro-emetic
effects of food, the nauseating effects of food
deprivation should not be neglected as it is more
common for patients to undergo surgery after a
period of food deprivation. Palazzo and Strunin [75]
reported a small study of healthy volunteers which
showed that 56 9, of females reported nausea after
fasting in the waking state for about 7 h whereas for
men only 389, experienced nausea, beginning
approximately 8.5h after fasting. Whilst these
studies may not be directly applicable to patients
who are usually deprived of solids overnight before
surgery in the morning, they may be relevant to
patients whose surgery is delayed until later in the
day.

Psychological stress

Patients are likely to be concerned about the
forthcoming surgery and have some degree of stress
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response. The precise involvement of stress in the
induction of emesis is poorly defined, although both
animal and human studies have demonstrated that
electrical stimulation of the cerebral cortex can
induce emesis [90]. In addition, there are several
endocrine responses to stress including the secretion
of ACTH, growth hormone and prolactin. The
possible involvement of these in PONYV is discussed
in more detail below as part of a consideration of the
endocrine response to surgery.

Some studies have suggested that anxious patients
may involuntarily swallow large amounts of air
before operation and this may contribute to dis-
tension of the upper gastrointestinal tract that is
thought to contribute to the genesis of PONV (see
below). It has been suggested that aerophagy occurs
in about 109, of cases [75].

The reason for surgery

The impact on PONV of the underlying problem
requiring surgical intervention is often overlooked
but may be a significant factor in some cases. In a
patient in which nausea and vomiting are a com-
ponent of the disorder for which they are requiring
surgery (e.g. raised intracranial pressure, upper
gastrointestinal tract obstruction) it is likely that the
emetic system is already in a sensitized state. This
argument may also apply to abortion performed
during the early part of the first trimester of
pregnancy when pregnancy sickness is present in the
vast majority of women: one survey of 1000 women
reported an 859, incidence of nausea and a 509,
incidence of vomiting [9]. The mechanism respon-
sible for pregnancy sickness is unknown but it is
proposed that it represents a state in which the
central emetic mechanism is sensitized. The
influence of sex hormones on the emetic reflex is
illustrated by the greater sensitivity of women to
virtually all emetic stimuli (e.g. motion, cytotoxic
chemotherapy) and the fourfold increase in risk of
PONYV after tubal ligation in the first eight menstrual
days [16].

Perioperative Factors
Premedication

Differences in patient premedication is considered
to be one of the main factors contributing to the large
variation in the incidence of PONV between studies.
Two major classes of premedicant agents are used:
analgesics and antiemetics. The impact of current
antiemetics upon the incidence of PONYV is discussed
elsewhere in this issue but it is worth mentioning
that atropine in a commonly used dose of 0.6 mg i.m.
can delay gastric emptying. This may contribute to
postsurgical gastric stasis and hence PONV.

The main analgesics that have been studied in the
context of PONV are morphine and pethidine. In
considering the contribution of these and other
drugs to PONYV their intrinsic emetic and antiemetic
effects which may be dose-related need to be
considered together with the duration of action. The
complexity of the problem can be illustrated by
reference to animal studies of the emetic effects of
morphine. In the ferret, the threshold dose of
morphine-inducing emesis (retching or vomiting) is
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0.1 mgkg's.c. with all animals in the group
responding at 0.2 mgkg™s.c. As the dose is in-
creased, both the incidence and amount of emesis
decrease until at 5 mg kg™ there is no response to
morphine, even though the animals do not show
marked sedation [97]. Similar observations in the cat
lead to the proposal of an opioid-activated antiemetic
centre [34]. It is envisaged that the emetic effect of
morphine and related opioids (e.g. loperamide) is via
an action on opioid receptors (probably u) known to
be present in the area postrema (area postrema
ablation abolishes the emetic response). As the dose
of morphine is increased, it is envisaged that the
antiemetic centre proposed to be located in the
reticular formation is accessed and activated leading
to a reduction in the emetic drive. This hypothesis is
supported not only by the bell shaped dose-response
curve seen with morphine, pethidine and
loperamide, but also by studies demonstrating an
antiemetic effect of high dose morphine and fentanyl
against a range of other emetic stimuli including
cytotoxic drugs [14]. The type of opioid receptor
involved in the antiemetic component of the curve
has not been identified with certainty and, although
the p receptor is strongly implicated from animal
studies with fentanyl [14] and human studies with
alfentanil [83], other studies using loperamide im-
plicate the & receptor [20]. Identification of the
receptor type may lead to the identification of novel
broad spectrum antiemetic drugs.

In contrast with the antiemetic effects of 5-HT,
receptor antagonists against radiation and cytotoxic
drug-induced emesis, these agents do not block
morphine, morphine-6-glucuronide or loperamide-
induced emesis in the ferret [20, 97]. In view of the
differences in the metabolism of morphine between
the ferret and man, caution should be exerted in
extrapolating these results to man, although to date
the ferret has been predictive of the clinical efficacy
of this class of antagonist. The emetic effects of both
morphine and morphine-6-glucuronide were
blocked by naloxone.

The question of the relative contributions of
morphine itself and its metabolites to the therapeutic
and toxic effects has often been discussed. In man
the major metabolites of morphine are morphine-3-
glucuronide and morphine-6-glucuronide, the latter
contributing about 10 %, of the metabolic product of
morphine. Morphine-3-glucuronide does not appear
to have any analgesic action or any significant
binding to opioid receptors. Clinical trials of
morphine-6-glucuronide show that it has potent
analgesic activity (0.15-0.6 mg kg™!) but in contrast
with morphine does not appear to induce nausea,
dysphoria or clinically significant cardiorespiratory
effects (see [97]). In general, it appears that the
emetic and other side effects in man are caused by
the actions of the parent molecule and not by one of
the metabolites.

Three other actions of the opioids may contribute
to PONV. First, morphine and pethidine in analgesic
doses decrease gastric emptying. This leads to
accumulation of gastric secretion and swallowed
saliva, possibly contributing to distension of the
stomach. As the effects of morphine on gastric
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emptying may be prolonged, this delay in emptying
is likely to extend into the postoperative period when
the patient may attempt to take liquids or even food.
The decrease in gastric emptying is reported to be
associated with an increase in antral and duodenal
tone [74]. Thus, when the stomach is distended in
this state, the tension in the muscular wall is higher
than usual for a similar distension in the absence of
morphine, leading to an increased discharge in the
mechanoreceptive afferents which are known to be
capable of triggering emesis when adequately
stimulated.

Second, both morphine and pethidine appear to
increase the sensitivity of the emetic reflex to
activation by labyrinthine stimulation as indicated
by the increase in the incidence of nausea and
vomiting in ambulatory, as opposed to recumbent,
patients given opioids [89]. The mechanism of this
effect is not known but the opioids may have an
action in the vestibular nucleus where leu-
enkephalin-containing fibres and neurones are found
(see [68]). This possibility appears unlikely because
if the opioids directly activated the vestibular system,
the incidence of emesis might be expected to be
higher in recumbent subjects. An alternative
possibility is that the activation of the area postrema
and hence the vomiting centre by the opioids reduces
the threshold for triggering emesis by other stimuli
such as motion. This mechanism is supported by
studies showing that the emetic threshold for
apomorphine (acting on the area postrema) is
dependent upon head position, presumably because
of differing degress of labyrinthine stimulation [53].

Third, morphine and other opioids enhance the
release of 5-HT from the small intestine, probably
by disinhibition of tonically inhibitory neural
pathways to the enterochromaffin cells [82]. The
release of 5-HT has been implicated in the mech-
anism of emesis induced by anticancer therapies (see
above). It appears that this mechanism does not play
amajor role in PONV, as 5-HT, receptor antagonists
do not block emesis induced in animals by morphine,
morphine-6-glucuronide or loperamide [20, 97].

An additional way in which opioids may influence
emesis is via the release of vasopressin (ADH) from
the posterior pituitary. Vasopressin is associated not
only with nausea and vomiting but animal studies
have shown that it may also reduce gut motility.

Intubation

At some point during the insertion of an airway via
the mouth it is inevitable that there is stimulation of
the pharyngeal mechanoreceptive afferents that proj-
ect to the brain stem, predominantly in the
glossopharyngeal nerve. Stimulation of these
afferents can evoke the gagging reflex and, if
stimulation continues, retching and even vomiting.
The gag reflex may be triggered in anaesthetized
animals (e.g. urethane anaesthetized ferret), although
when the airway is in place, the gagging subsides.
This is likely to be a result of combination of
adaptation of the afferents and increasing depth of
anaesthesia. The stimulation of irritant receptors in
the larynx and upper airway is unlikely to contribute
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to the nausea and vomiting because, although these
afferents can evoke the cough reflex, there is no
evidence that they can trigger emesis.

Intraoperative Factors

The two main potential intraoperative contributors
to PONV are the anaesthetic and the surgical
procedure. The influence of these and their various
components on PONYV are discussed below.

Anaesthesia

As PONYV is reported to occur with a wide variety
of structurally diverse anaesthetic agents, we should
consider whether the state of anaesthesia itself may
contribute to the emesis in addition to any direct
pharmacological effects of the anaesthetic agents.

How could the state of anaesthesia contribute to
postoperative emesis ? Although anaesthesia has been
used to block emesis induced by radiation [106], and
halothane itself has been reported to have some
antiemetic effects at low concentrations [108], the
state of anaesthesia may still contribute to PONV.
During anaesthesia the patient may be in a re-
cumbent posture and immobile for an extended
period, particularly if muscle relaxants are used. In
particular the head will be immobile leading to a
reduction in the tonic discharge from the vestibular
labyrinths for the duration of the surgery. Even
during sleep the body never approaches such a state
of immobility. When the patient begins to awaken
from anaesthesia, the head is often one of the first
parts to move, particularly if the patient tries to sit
up, leading to a sudden vestibular discharge further
enhanced if the patient is being returned to the ward
in this drowsy state. In addition, there may be some
nystagmus and the pupil diameter may not have
returned to normal after anticholinergic pre-
medication leading to vestibulo-visual mismatch or
conflict as can be produced by some types of motion
(e.g. swings, sea travel) [36].

Anaesthetics

General effects. If the state of anaesthesia itself was
the main cause of PONV then the incidence of
PONYV may not be expected to be so variable and, in
particular, there would be little difference between
inhalation and i.v. anaesthetics. Therefore, it appears
that it is the pharmacological and related properties
of the anaesthetics themselves that make the main
contribution. Although at first sight this appears
self-evident because if anaesthetic agents are emetics
then why does emesis occur primarily on induction
and recovery and only rarely during anaesthesia
when they are at their highest concentration? The
answer presumably lies in the multiple effects of
anaesthetics: emesis being induced by the anaes-
thetic agent but being blocked by the state of surgical
anaesthesia. Thus, although the anaesthetic (emetic)
is activating emetic pathways for the whole time it is
present, the effects are only expressed outside the
periods of surgical anaesthesia. Whilst this hy-
pothesis provides a conceptual framework, it has not
been formally tested and in fact some studies argue
against such effects. For example, in man and the
ferret, sub-anaesthetic concentrations of halothane
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can reduce emesis induced by either vagal afferent
stimulation or other anaesthetics (trichloroethylene
and nitrous oxide [108]). This antiemetic effect of
halothane together with its rapid induction and
recovery times may contribute to the low incidence
of emesis with this agent. The potential antiemetic
properties of other inhalation anaesthetics has not
been studied, although such effects appear unlikely
as cyclopropane, nitrous oxide and ether are
associated with a higher incidence of emesis than
halothane [33, 45]. In the urethane anaesthetized
ferret, whilst emesis induced by apomorphine and
cisplatinum is blocked, animals can still respond to
abdominal vagal afferent stimulation, intragastric
hypertonic solutions (e.g. NaCl) and occasionally
radiation {6, 10, unpublished observations]. The
apparent lack of relationship between the anaesthetic
potency of the various agents and the emetic potency
suggests that the mechanism of emesis resides in the
pharmacological properties of the agents themselves.

Very few dose-response studies have been under-
taken relating the incidence of vomiting and nausea
to the dose of anaesthetic in the absence of surgery.
One study [78] showed a general relationship
between the percentage of nitrous oxide (20-409,)
and the incidence and intensity of nausea. With 40 9,
nitrous oxide the nausea persisted for several hours.

Pharmacological effects of the anaesthetics. The
pharmacological action of the anaesthetics that has
received most attention is their interaction with
adrenergic receptors or their adrenomimetic effects.
Jenkins and Lehay [54] proposed that agents such as
cyclopropane and diethyl ether that are associated
with a high incidence of PONYV increase circulating
concentrations of catecholamines whereas halothane
and methoxyflurane that induce a lesser degree of
PONYV do not increase catecholamine concentrations
and in fact have adrenergic receptor blocking
properties. This hypothesis is supported by studies
showing that emesis can be induced in the cat by
intracerebroventricular injection of adrenergic re-
ceptor antagonists acting on the alpha-adrenergic
receptor. Emesis was not induced by beta-
adrenoreceptor activation. More recent studies have
implicated both the alpha-1 and alpha-2 receptors in
the area postrema in emesis [17]. As it is the
circulating concentrations of catecholamines that are
increased, the most likely source is the adrenal
medulla reflecting an increase in sympathetic drive
[91]. Emesis would then result from the effect of the
catecholamines on the area postrema and neuronal
recording studies in the dog have shown that both
adrenaline and noradrenaline cause firing [29]. If this
hypothesis is correct then alpha-adrenergic
antagonists should block PONV but curiously this
possibility appears never to have been tested directly,
although the beta-adrenergic receptor antagonist
propranolol has been of some benefit in cyclic
vomiting in children [105]. The release of adrenaline
by intense sympathetic activation of the adrenal
medulla has also been implicated in the mechanism
of emesis induced by hypotension and pain {75, 85].

The involvement of the area postrema in PONV
has been tested in only one experimental study as far
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as the author is aware. Vomiting is seen in dogs and
monkeys after cyclopropane [12]. In the dog,
the incidence of emesis during recovery from
cyclopropane anaesthesia (33.39, in oxygen),
administered 10-30 min after feeding, was related
to the duration of anaesthesia: 5 min—359;;
10 min—66.6%,; 15 min—809%,; 20 min—1009Y,.
Ablation of the area postrema rendered the dogs
refractory to the emetic effects of cyclopropane even
when given at 3-6 times the emetic threshold. This
study certainly implicates the area postrema in
emesis induced by cyclopropane but does not aliow
a distinction to be made between a primary effect of
the anaesthetic on the area postrema and a secondary
effect via the release of an endogenous emetic such as
adrenaline which then acts on the area postrema.

As noted above, recordings have been made from
the area postrema and of necessity these studies have
been performed on anaesthetized animals [2, 26, 29,
31] or isolated tissue [28]. In dogs anaesthetized with
thiamyl sodium 25 mg kg i.v. and pentobarbitone
25 mg kg™ i.v., spontaneous neuronal activity was
never recorded from the area postrema [29, 31]. In
contrast, in rats anaesthetized with urethane and
chloralose and cats anaesthetized with pentobar-
bitone, the area postrema was spontaneously active
[2]. Area postrema neurones were also spontaneously
active in explants maintained in vitro with a fre-
quency range of 0.4-22 Hz [28]. From these limited
studies it is not possible to draw any useful
conclusions about the effects of anaesthetics on the
area postrema, particularly as recordings have not
been made in animals anaesthetized with the more
emetic inhalation anaesthetics.

Although attention has focused on the effect of
anaesthetics on the area postrema as the cause of
emesis, an additional possibility could involve the
antiemetic centre [34]. It is envisaged that this area
of the brain stem when active inhibits the vomiting
centre and thus prevents emesis. Anaesthetics have
differential effects on neurones in different parts of
the brain [11] and hence it is possible that PONV
occurs because this centre is very sensitive to the
depressant effect of the anaesthetic and is slow to
recover its tonic activity in the postanaesthetic
period. Thus PONYV may result from both direct
emetic effects of the anaesthetic and surgery and be
facilitated by the indirect effect of prolonged in-
hibition of the antiemetic centre.

Recording studies of abdominal vagal afferents
that are known to be capable of triggering emesis do
not suggest that they are activated by anaesthetics
such as urethane or barbiturates. If these afferents
are involved in PONYV, it is most likely by signalling
the abnormal patterns of gastrointestinal motility
associated with surgery and anaesthesia.

The above section has focused on the specific
pharmacological effects of anaesthetics on the main
inputs of the brain stem emetic co-ordinating
mechanisms. However, anaesthetics have much more
general pharmacological effects on the brain and
PONYV may be an expression of such effects rather
than an indication of specific effects on the emetic
reflex pathways. For example, there is considerable
evidence from studies in rats that many anaesthetics
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(e.g. pentobarbitone, diethyl ether, halothane and
nitrous oxide) influence 5-HT metabolism in the
brain [3, 27, 41]. After halothane and nitrous oxide
anaesthesia, there was a reduction in 5-HT synthesis
and utilization, the former probably caused by
reduction in tryptophan hydroxylase. These effects
were apparent in both brain stem and forebrain
tissue within 15 min of anaesthesia. Studies with
diethyl ether in mice showed that it increased the
synthesis of 5-HT whereas pentobarbitone reduced
5-HT turnover [3]. These studies illustrate that
anaesthetics could trigger emesis by modulation of
neurotransmitter release at forebrain sites known to
be capable of activating emesis or at brain stem sites
such as the nucleus tractus solitarius which receives
inputs from the area postrema and the vagal afferents.

Physical effects of wvolatile anaestherics. The in-
cidence of PONYV is greater with volatile than with
i.v. anaesthetics and hence PONV could be
contributed to by the physical effects of the
anaesthetics. Although an increase in middle ear
pressure has been implicated [39], the main effects
are suggested to be on the gut [75, 76]. First, during
manual ventilation with a mask (particularly by less
experienced anaesthetists [51]) gas may pass into the
stomach and upper intestines leading to distension
and activation of abdominal, vagal and splanchnic
afferents which in turn may trigger emesis. Palazzo
and Strunin [76] considered that distension was a
major factor and commented that emesis was less
frequent if such ventilation was avoided by a period
of preoxygenation [57]. Second, the gut may be
distended by gas, particularly nitrous oxide. In the
presence of an alveolar nitrous oxide concentration
of 759, it has been estimated that the gut volume
would increase by 500 ml h~! of anaesthesia [see 56,
57]. In the stomach, such distending volumes are not
likely to be of significance as the stomach has a
considerable storage capacity but in the small
intestine the impact is greater. It is worth bearing in
mind that the belching reflex is likely to be
suppressed under anaesthesia and in the
postoperative period and hence this may lead to the
prolonged accumulation of gas in the stomach that
would normally be voided. In addition, as small and
large intestinal motility are reduced the elimination
of gastrointestinal gas as flatus is also reduced,
leading to accumulation that may become painful.

Endocrine effects of anaesthetics. The endocrine
effects of anaesthesia and surgery are extremely
complex and their relative contributions to the
observed changes have not been identified. A discus-
sion of this extensive literature is beyond the scope of
this review; however, a large number of peptide
hormones (angiotensin 11, AVP, bombesin, gastrin,
insulin, neuropeptide Y, neurotensin, somatostatin,
TRH and VIP) [29, 30] have been shown to induce
emesis when given either i.v. or into the cerebral
ventricles of animals, or both, usually at doses in
excess of those required for the usual physiological
actions. The mechanism for the induction of emesis
is proposed to be via the area postrema and many
(but not all) of these peptides can activate area
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postrema neurones when applied by pressure micro-
injection or iontophoresis.

Cardiovascular effects of anaesthetics. Arterial
pressure frequently decreases during anaesthesia and
this may be compounded further by haemorrhage
and surgical manipulation. Hypotension may induce
nausea and possibly vomiting, although the mech-
anism is unclear. One possibility is that hypotension
may induce a large sympathetic discharge resulting
in the release of adrenaline from the adrenal medulla
which may then trigger emesis by an action on the
area postrema. Another possible mechanism involves
activation of vagal afferent mechanoreceptors with
unmyelinated axons located in the ventricles of the
heart. The precise physiological function of these
afferents is unclear, but they can trigger emesis and
may be responsible for the nausea and vomiting
associated with vaso—vagal fainting, and infero—
posterior myocardial infarct [92]. These receptors
can be activated under several conditions, including
myocardial ischaemia and tachycardia with
hypovolaemia [92]. The latter could occur both
during anaesthesia or in the postoperative period as
the patient attempts to sit upright when there may be
venous pooling in the lower body. These cardiac
afferents also evoke reflex gastric relaxation
predominantly via activation of vagal efferent non-
adrenergic, non-cholinergic inhibitory neurones and
this may contribute to the delay in gastric emptying
associated with anaesthesia and surgery [1, 55].

Hypotension is generally considered to be more
likely to be involved in the nausea and vomiting
occurring during spinal anaesthesia. In a study of
patients with spinal anaesthesia undergoing gynae-
cological surgery, the incidence of emesis was greater
when systolic blood pressure was < 80 mm Hg.
Maintenance of blood pressure using ephedrine
reduced the incidence of emesis from 66 %, to 10%,
[85].

Gastrointestinal effects of anaesthetics. Anaesthetics
may induce nausea and vomiting by causing dis-
ruption of gastrointestinal meotility which may be
compounded by the effects of surgery itself on gut
function. Although anaesthetics modify motility
throughout the gut, of particular relevance to emesis
are the effects of anaesthetics on the lower oeso-
phageal sphincter and gastric motility.

The effects of anaesthetics on the lower oeso-
phageal sphincter (LLOS) are important not because
such effects may induce emesis but primarily because
of the contribution that the LOS makes to preventing
reflux of gastric contents into the oesophagus and
hence regurgitation into the mouth with the
associated risk of aspiration, particularly in recum-
bent subjects. In general, inhalation anaesthetics
produce reduction in lower oesophageal sphincter
pressure. This is seen with nitrous oxide in oxygen
and is enhanced by the presence of halothane and
enflurane [35]. A recent study showed a reduction in
the number of spontaneous LOS contractions and
the amplitude of provoked (balloon distension) LOS
contractions with increasing concentrations of
halothane (0.5-2.0 MACQC). The authors argued that
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the mechanism of the reduction was not due to a
peripheral effect of the anaesthetic but reflected a
central action on the brain stem pathways regulating
the vagal outflow to the L.OS [42].

The general pattern of gastric motility that
emerges from animal studies is one of a suppression
of gastric and upper small intestinal motility by
anaesthetic agents such as pentobarbitone, urethane,
cyclopropane and halothane, although stimulation
has been reported with ether that persisted beyond
the period of anaesthesia [74] and a recent study of
enflurane anaesthesia in the rat failed to demonstrate
an effect on gastric emptying [15].

The mechanism of this suppression has been
ascribed usually to a peripheral effect, for example,
on the release of acetylcholine from the myenteric
plexus or an increase in sympathetic discharge
having either a direct effect or via the release of
adrenaline. However, a recent study in the ferret
suggests that a vagal mechanism may be involved.
Gastric antral motility was monitored using
implanted miniature strain gauges and the influence
of pentobarbitone anaesthesia on the migrating
motor complex (MMC) monitored [47]. The MMC
occurs in the interdigestive phase (i.e. MMC activity
is present in patients deprived of food before surgery)
and is a periodic burst of motor activity that
originates in the stomach and migrates along the
small intestine to the terminal ileum. In man the
periodicity of the MMC is about 90 min. In the
ferret study, pentobarbitone abolished MMC cycling
but activity began to return at the stage when the
limb withdrawal reflex returned, although the
animals were not capable of spontaneous movement.
The effect of pentobarbitone on the MMC was not
affected by naloxone or guanethidine but was
modified by chronic abdominal vagotomy. This
procedure prevented the abolition of the MMC by
pentobarbitone but there was a reduction in am-
plitude. These studies indicate that the reduction in
gastric motility under anaesthesia may be
contributed to by vagal mechanisms, either a re-
duction in vagal cholinergic drive or an increase in
the vagal non-adrenergic, non-cholinergic inhibitory
pathways or a combination of both.

How can anaesthetics modify these vagal drives?
One possible mechanism may be via the area
postrema. Vagally mediated gastric relaxation may
be induced by the action of emetic agents such as
morphine and apomorphine on the area postrema
[65] and a similar effect could account for both the
emetic and motility suppressing effects of
anaesthetics. It should be borne in mind that
reduction in gastric motility almost invariably
accompanies nausea and vomiting and thus the
motility effects seen with anaesthetics may be a more
general reflection of activation of emetic mechanisms
rather than a specific effect of the anaesthetic on the
autonomic nervous system. The same argument may
apply to the sympathetic activation that accompanies
anaesthesia as this occurs also in association with
nausea and vomiting. The second possibility is a
more selective effect of the anaesthetics on the vagal
outflow from the brain stem by modulation of
neurotransmission in the brain stem reflex pathways.
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Although animal studies indicate that anaesthetics
and anaesthesia alone can reduce gastric motility, for
obvious reasons comparable information is not
available for man, although it is likely that similar
effects occur, particularly when combined with the
effects of surgery (see below).

During anaesthesia and surgery, the reduction in
gastric antral motility associated with relaxation of
the pyloric sphincter may promote the reflux of bile
into the stomach. Bile is known to be an irritant to
the gastric mucosa and this may provide an ad-
ditional stimulus to emesis by stimulation of gastric
mucosal vagal afferents.

The general cardiovascular effects of anaesthesia
were discussed briefly above but some anaesthetics
may have more profound effects on the mesenteric
circulation and reduce perfusion. The significance of
this lies in the observation that relatively brief
periods of ischaemia may sensitize the gut afferents
to their natural stimuli. The mechanism probably
involves the local release of agents such as 5-HT,
substance P, bradykinin and prostaglandins. This
means that in the postoperative period, as normal gut
function returns, the central nervous system may be
bombarded by an abnormal level of afferent activity
from the gut adding further to the emetic drive from
other factors.

An additional factor that should be considered is
the effect of the anaesthetics on the release of 5-HT
from the enterochromaffin cells in the mucosa of the
upper intestine. The release of 5-HT from these cells
has been implicated in the mechanism by which
radiation and cytotoxic anticancer drugs induce
emesis. The possible involvement of 5-HT is
discussed elsewhere in this issue but 5-HT release
can be induced by opioids, adrenaline, ischaemia and
mechanical stimulation of the gut, factors that may
be present during anaesthesia and surgery [82].

Effect of anaestherics on intracranial pressure.
Raised intracranial pressure may cause headache,
nausea, vomiting and inhibition of gastric motility
[44, 52]. Because of vasodilatory effects on cerebral
blood vessels, halothane, enflurane, isoflurane and
ketamine cause an increase in intracranial pressure
that could contribute an additional trigger to emesis.
Barbiturates (thiopentone, pentobarbitone) lower
intracranial pressure and when used in combination
with the above anaesthetics offset any tendency to
increase in pressure [40].

General effects of the surgical procedure

The contribution of surgery itself to PONV can be
resolved into two components; the general effects of
virtually any type of surgical procedure and the
effects of specific types of surgical procedures that
are reported to be associated with a high incidence of
PONV. The general systemic, endocrine and meta-
bolic effects of surgery are familiar to anaesthetists
and surgeons but which of the multitude of factors
are most likely to be involved in PONV? These
factors are examined briefly to illustrate this aspect.

Gastrointestinal morility. Although anaesthetics
reduce motility, the effect of surgery is more
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profound and outlasts the duration of surgery. For
abdominal surgery, the rank order of influence on
motility appears to be skin incision< muscle
division < laparotomy < gut manipulation [67]. Even
in animals under full surgical anaesthesia, noxious
levels of distension of the intestine sufficient to evoke
reflex cardiovascular changes also produce a reflex,
sympathetically mediated inhibition of gastric mo-
tility [73]. The inhibition of motility has non-
sympathetic (vagal inhibitory or endocrine)
components, as in experimental animals sympath-
ectomy only reduces the duration of postoperative
ileus but does not prevent it [67].

The significance of delayed gastric emptying and
reduced intestinal motility induced by the anaes-
thetic and surgery is twofold. First, during surgery
the delay or stasis leads to accumulation of fluid
secretions, it may facilitate the reflux of bile into the
stomach and may lead to the accumulation of gas
(anaesthetic, air swallowed before surgery or en-
dogenously produced). All of these could induce
activation of gastrointestinal visceral afferents in-
cluding nociceptors if the stimulus is intense.
Because the patient is anaesthetized and possibly
paralysed, activation of these afferents does not
induce emesis, but they induce several reflex
endocrine changes, the effects of which may outlast
the duration of surgery. As the patient gradually
regains consciousness with these distensive stimuli
still present, this afferent barrage may give rise to
sensations of upper abdominal discomfort and
nausea and even trigger vomiting. In addition, the
prolonged stimulation of the afferents that occurs
during surgery may serve to induce a long-lasting
sensitization of the central nervous pathways
involved in nociception and emesis. Second, the
effects of the surgical trauma may persist long
beyond the surgical period so that when the patient
is conscious and apparently recovered from an-
aesthesia, gastric emptying and intestinal motility
may still be reduced and hence the gut may be unable
to cope with a normal meal even if the patient wishes
to eat. This situation is analogous to patients with
severely delayed gastric emptying who become
nauseated or even vomit after a normal sized meal as
occurs with non-ulcer dyspepsia.

Endocrine effects. The endocrine effects of an-
aesthesia and surgery are complex and the way in
which they may relate to PONV have only recently
begun to be investigated. Apart from adrenaline, one
of the hormones with a relatively well described
involvement in the response to surgery and emesis is
vasopressin (AVP, ADH). This increases during
surgery partly because of the effect of analgesia, but
mainly because of the effects of surgery itself.
Anaesthesia (halothane, isoflurane) appears to reduce
the basal plasma concentration of vasopressin but it
is increased markedly by the surgical procedure itself
[57]. One study considered gastric manipulation to
be the most potent procedure for the release of
vasopressin and undertook an experimental study in
the dog to identify the pathway [99]. They concluded
that the main pathway was splanchnic nociceptive
afferents with the vagal afferents not having any role.
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This contrasts with a study in the anaesthetized
ferret in which electrical stimulation of the central
end of the abdominal vagus was shown to be a potent
stimulus for vasopressin release [50]. Whatever the
pathway, there is no doubt that vasopressin is
released during surgery in quantities that are many
times those required for maximal antidiuretic ac-
tivity. The reason why vasopressin is of such interest
is that similar increases in plasma concentrations
have been seen in man with other emetic stimuli such
as motion, apomorphine and cytotoxic chemotherapy
(see [7]). The increase in vasopressin bears a closer
relationship with nausea than vomiting but it is as
yet unclear if it is a cause or a consequence of the
nausea, although some studies suggest that it
increases before the onset of the reporting of nausea.

Specific effects of surgery

Certain types of surgical procedures are reported
to be associated with a relatively high incidence of
PONYV and this section reviews the mechanisms that
may be involved.

Ophthalmic surgery. Ocular surgery is associated
particualrly with a high incidence of PONYV in adults
and children. A large study (607 patients) of patients
aged 1 to > 60 yr provided a detailed character-
ization of the phenomenon [18]. Two types of emesis
were identified: early, that occurring on the
operating table at the end of surgery or soon after
in the recovery ward and delayed emesis, occurring
outside this immediate recovery period. The in-
cidence of early emesis was higher with squint
surgery (109%,) than with non-squint ocular (1.8%,)
and orbital (2.7 9%,) surgery. For delayed emesis the
incidences were 579, for squint surgery, 189% for
non-squint ocular surgery and 239, for orbital
surgery. In contrast with a common perception that
children are more sensitive to the emetic effects of
ocular surgery, this study failed to identify an effect
of age, although female gender was a predisposing
factor for both squint and non-squint procedures.
The time course of PONV was studied in children
(mean age 7.2 yr) after strabismus surgery without
any antiemetic administration [63]. Within 2h of
surgery 259, were vomiting, by 4-6h this had
increased to 609, and by 24 h had only increased
slightly to 659%,. This pattern supports the
conclusions from the above study that there are two
components to the emetic response after this type of
surgery.

It has been proposed that at least part of the
PONYV is caused by an oculo—emetic reflex triggered
by manipulation of, and trauma to, the squint
corrected eye [18]. The authors support this sugges-
tion by pointing out that surgical procedures in-
volving considerable intraoperative manipulation of
the eye (retinal detachment surgery) and giving rise
to residual eye discomfort are associated with
increased incidence of early and delayed emesis
whereas when there is little manipulation or residual
discomfort low incidences of emesis occur. The
afferent pathway of the reflex has not been
investigated, however, the Dbetter known
oculo—cardiac reflex provides some insight [43].
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Pressure on the eyeball or traction of the extrinsic
muscles of the eye evokes reflex bradycardia because
of activation of vagal efferents and suppression of
sympathetic efferents. The afferent pathway is in the
trigeminal nerve that projects to the brain stem
where the autonomic outflow to the heart can be
influenced. It is likely that it is activation of these
trigeminal afferents that triggers emesis, although
this has not been demonstrated directly. Other
mechanisms may be involved as emesis is uncommon
in patients with trigeminal neuralgia when pre-
sumably there is intense activation of this pathway
[52]. An additional mechanism that probably
contributes to emesis when the operated eye is
unbandaged, is the temporary interocular mismatch
between the normal and corrected eye and the
vestibulo—visual mismatch that this engenders. Both
of these inputs may induce a motion-sickness-like
state (see [36] for a review of the neurophysiology of
motion sickness).

Ear, nose and throat surgery. The high incidence of
emesis associated with surgery of the middle ear is
perhaps not surprising and is likely to be caused by
activation of the vestibular afferent pathways
involved in motion sickness, particularly if the
system has been sensitized by opioid premedication
(see p. 98). In addition to vestibular afferents, the
auricular branch of the vagus (Arnold’s nerve)
supplying the tympanum may also be involved as
stimulation readily induces emesis.

Nausea, gagging and emesis may be induced
readily by mechanical stimulation of the pharynx
resulting in activation of glossopharyngeal afferents
projecting to the brain stem. The incidence of
vomiting after paediatric tonsillectomy may
approach 819, [101]. Surgical trauma may lead to
some inflammation and sensitization of these
afferents as occurs in patients with a ‘““sore throat”.
Similar processes may be induced by the presence of
an orotracheal tube and contribute to the emesis in
the postoperative period even though the tube is
removed. It has been reported that the incidence of
PONV is greater in patients maintained with an
orotracheal tube than with a nasotracheal tube [100].
This difference was ascribed to the angle at which
the tubes impact the pharynx and presumably relates
to different regional sensitivities for evoking the gag
reflex from the pharynx.

The reason why nasal surgery should induce
emesis is unclear as although stimulation of nasal
afferents can evoke sneezing (involving some of the
same somatic motor pathways as vomiting) and
painful sensations, there are no reports of the direct
induction of emesis. The emesis may be secondary to
the pain but may also be caused by stimulation of
pharyngeal and gastric afferents by swallowed blood
and this may also be involved in ear and throat
surgery.

Abdominal surgery. Intra-abdominal operations
are more emetic than extra-abdominal operations
irrespective of patient gender [75,76]. During
abdominal surgery it is inevitable that there is some
displacement, manipulation and traction placed
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upon the gut and associated mesentery even if the
gut itself is not the subject of the surgical procedure.
The gut is invested with both vagal and splanchnic
afferents that discharge in response to these types of
mechanical stimuli {4, 49]: thus each surgical man-
oeuvre is signalled to the central nervous system. In
addition to the gastrointestinal tract, other intra-
abdominal and pelvic structures such as the kidney,
bladder and uterus are invested with afferents that
are activated by mechanical stimulation. It is the
vagal afferents supplying the upper gut that have the
main role in triggering emesis and, although a direct
role for splanchnic afferents in activating emesis has
not been possible to demonstrate, they clearly have a
permissive role, which is discussed in more detail
below [6].

In addition to direct activation of afferents,
surgical manipulation of the intestine also induces
release of 5-HT from the enterochromaffin cells.
This 5-HT can cause both direct activation of the
afferents and also produce long-lasting sensitization
to other stimuli (see [7,8]). Handling may also
induce synthesis and release of a wide range of
substances from the gut wall that may modulate
visceral afferent activity (e.g. CCK, prostaglandin,
interleukin) or enter the circulation to act on the area
postrema (e.g. neuropeptide Y).

Gynaecological surgery. In response to virtually all
emetic stimuli, women are more sensitive than men
so it is perhaps not surprising that gynaecological
surgery should be associated with a high incidence of
PONYV. Understanding the mechanism of PONV
after gynaecological surgery is complicated by the
prevailing hormonal status of the woman (e.g. four
times higher incidence during menses and lower
postmenopausally [16]). These observations are con-
sistent with the view that the changing endocrine
environment sensitizes the brain stem emetic
mechanisms to the action of other emetic stimuli as
has been proposed for pregnancy sickness [9]. One
interesting observation is that the incidence of
PONYV was higher when dilatation was accompanied
by curettage than with curettage alone [72]. This
observation is also consistent with reports that
vomiting is more common in gynaecological
operations when the vagina is packed [77]. Studies in
the rat have shown afferents supplying the uterus,
the broad ligament and vaginal cervix that project to
the spinal cord predominantly in the hypogastric
nerve with a minor contribution from the pelvic
nerve. These afferents are sensitive to gentle probing
and rubbing in the region of the receptive field,
ischaemic stimuli, bradykinin and 5-HT [19]. Lim-
ited evidence was presented that the afferents are
more sensitive in oestrous and when the tissue was
subjected to surgical manipulation. From these
observations it is clear that the types of surgical
procedures occurring during gynaecological surgery
stimulate these afferents and, although there is no
evidence that such afferents can directly induce
emesis, they are likely to contribute to the general
afferent load on the central nervous system which
sensitizes the emetic pathways (see below).

In laparoscopic procedures, the insufflation of the
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abdominal cavity leads to abdominal discomfort if
the abdomen is not adequately decompressed after
the procedure, further adding to the general level of
unpleasant sensations arising from the abdomen.

Time Course of PONV and the Role of
Postoperative Factors

The factors described above may be involved in the
postoperative period provided they have a
sufficiently long time course or they have initiated
secondary processes (e.g. sensitization of afferents)
with prolonged effects. It is probable that both
mechanisms are involved.

Typically, PONV lasts < 24 h with nausea and
vomiting being most intense during the first 2 h,
although the precise pattern depends upon many
factors. In general retching and vomiting subside
before the sensation of nausea.

Drugs and anaesthetics

Of the drugs given before operation, morphine
and related opioids are the ones that are most likely
to contribute to PONV by still being present in the
postoperative period, having a direct emetic effect,
sensitizing the vestibular system and by inhibiting
gastric motility.

If anaesthetics have a direct pharmacological effect
on the vomiting mechanism it might be expected that
the agents most associated with PONV are
eliminated more slowly, but the rate of elimination
expressed as a percentage of initial alveolar con-
centration does not support this: nitrous oxide >
cyclopropane > halothane > ether [84]. The lower
incidence of emesis with halothane may be because it
is present for several hours at sub-anaesthetic
concentrations which are probably antiemetic [108].

The rate of recovery from anaesthesia also affects
the incidence of PONYV as sedation itself supresses
the emetic reflex. Hence, if recovery is rapid, the
patient may reach a state of arousal where emesis can
be triggered before the emetic stimuli have subsided.
In addition, when the patient becomes conscious he
will be aware of his condition and able to perceive
(and report!) nausea and pain. There may also be
mismatched visual and vestibular inputs. In ad-
dition, the feeling of being ““out of control™ of the
body, lightheaded and dizzy may make some patients
anxious. The importance of giving reassurance to the
patient in this period should not be underestimated.
Removal of such inputs may go some way to
explaining why long periods of postoperative sleep
may reduce the incidence of PONV.

The use of neostigmine to facilitate the reversal of
neuromuscular block has been associated with an
increased incidence of PONYV [59]. This could be a
result of marked stimulation of gastric motility which
would activate vagal afferents and trigger central
emetic mechanisms sensitized by other factors.
Direct activation of central cholinergic pathways
may also be involved as pilocarpine and nicotine can
induce emesis via the area postrema [24].

Prolonged disruption of gut function

After surgery, and especially general and
abdominal surgery, there is a reduction in gut
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motility. Although gastric motor function usually
returns before intestinal and colonic function, it is
the disruption of gastric motility that leads usually to
postoperative symptoms such as nausea and
vomiting, particularly when the patient begins to eat.
The delay in gastric emptying is caused by activation
of inhibitory reflexes during surgery and their
continued activation, probably as a result of ac-
tivation of nociceptors resulting from tissue damage
and trauma. The manipulation of the gut during
surgery may have induced the release of local
mediators (e.g. 5-HT) that induce sensitization of
the gastrointestinal afferents. Under these conditions
when the patient attempts to eat, food remains in the
stomach adding its distensive effect to any fluid
(saliva, gastric secretion, bile) that may have
accumulated. One study in patients with severe
PONYV aspirated a volume of 698+ 141 ml/24h
from the stomach [32]. In this sensitized state the
afferent discharge induced may be capable of
inducing emesis.

Although the activation of upper gastrointestinal
tract afferents initially appears the most likely
pathway for the induction of emesis in the immediate
postoperative period, their significance is question-
able. For the afferents to trigger emesis they must be
active at least in the first postoperative hours when
emesis is most frequent. As most patients do not
attempt to take food or even appreciable volumes of
fluid in this period, this cannot be the stimulus, nor
can excessive motility, as motility is reported to be
suppressed. If the visceral afferents are active then
the most likely drive is from local mediators released
by surgical manipulation but this occurs only during
abdominal and pelvic surgery. Therefore, in non-
abdominal surgery the role of the abdominal afferents
in early PONYV is probably minimal but may make a
greater contribution when the patient begins to eat
and drink before normal gastric function has
returned.

Pain

The role of pain in the genesis of PONV is difficult
to assess from a mechanistic viewpoint, although
studies in man have claimed an association between
the two. The problem with pain is that in animal
studies the evidence for an involvement of splanchnic
nociceptive afferents in emesis is limited. The major
pathway for emesis is via vagal afferents with the
splanchnic afferents having a permissive but not
critical role. In addition, PONV is associated with
surgical procedures in many areas that have never
been implicated in direct activation of the emetic
mechanism (e.g. uterus). How can these apparently
discordant observations be reconciled?

In man there is evidence that pain is often
associated with the sensation of nausea rather than
with frank vomiting, with one study reporting that in
the postoperative period only 109, of patients had
pain without associated episodes of nausea in
contrast to 58%, in which the two were associated
[75, 76]. It is well known that when subjects are
nauseated they will be more likely to vomit, thus
pain and vomiting may be linked via nausea. The
pathway involved in nociceptor-induced nausea is
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not known, but activation of visceral nociceptors
influences activity in the brain stem both in the
nucleus tractus solitarius [13] and reticular formation
[21, 79, 88]. From these areas the information may
readily access regions of the cerebral cortex involved
in conscious perception.

Pain itself induces general arousal or alerting of
the central nervous system. It may be that by
increasing the level of consciousness the patient is
alert enough to experience the nausea generated by
other inputs. Thus pain need not cause nausea but
merely facilitate its expression.

Activation of nociceptors may also produce longer-
lasting changes in the central nervous system that
alter the threshold for emesis. In pathological pain
(i.e. that following tissue damage) there is
sensitization of the afferents at both peripheral and
central sites [107]. The peripheral sensitization is
caused by the release of a variety of agents (e.g. 5-
HT, histamine, cytokines) from damaged and
inflamed tissue. Central sensitization is caused by
release of afferent neurotransmitters with a long
duration of action and the release of excitatory amino
acids that prolong synaptic potentials. More in-
triguingly, even brief periods of afferent activation
may alter gene expression in central nervous system
neurones resulting possibly in modification of many
aspects of neuronal function [107]. If nociceptor
activation produces similar changes in, for example,
the nucleus tractus solitarius, this could provide a
mechanism for pain reducing the threshold for
induction of emesis from the conventional inputs
(e.g. area postrema, gut afferents).

Activation of visceral nociceptor pathways in-
ducing nausea appears to be an attractive mechanism
to account for postoperative nausea associated with a
variety of types of surgery. In addition, animal
studies have demonstrated that visceral pain reflexes
may be reduced by antagonism of 5-HT, receptors
with some but not all antagonists [73]. Could such an
effect be involved in the antiemetic effect of
ondansetron in PONV? Unfortunately, this appears
unlikely as when postoperative pain and anxiety
were measured as part of a study of the effects of
ondansetron in PONYV after laparoscopic procedures,
there was no effect on these variables even though
PONV was reduced [23].

CONCLUSION

It is apparent from the above discussion that many
factors associated with anaesthesia and surgery may
contribute to induction of PONV. Although for
almost all of these factors it is possible to provide a
plausible, if not experimentally proven, mechanism
by which they could influence the emetic reflex, for
several our level of understanding is inadequate. In
particular, little is known about the mechanism
underlying the genesis of the sensation of nausea and
the ways in which pain and nausea are linked.
Another area of particular ignorance in under-
standing the overall mechanism of PONV is identi-
fication of the role of the anaesthetic. We have
seen how some drugs such as alfentanil appear to
have antiemetic properties ascribed to an agonist
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action at p opioid receptors [83] depressing activation
of the central emetic pathways but does a similar
mechanism account for the effects of low con-
centrations of halothane or is it caused by an
adrenergic receptor antagonist action as has been
suggested? [108]. It has been proposed that the
emetic potential of the anaesthetics relates to their
ability to release catecholamines [54] but this has not
been actively studied in recent times. Whilst con-
siderable progress has been made in understanding
the effects of anaesthetics on somatosensory systems
[11], a comparable degree of knowledge is lacking for
the brain stem regions involved in emesis such as the
nucleus tractus solitarius and the area postrema. It is
unclear if the emetic effects of various anaesthetics
relate to anaesthetic action or to a side effect (e.g.
opioid receptor activation), although a superficial
comparison of the relative hydrophobicity—anaes-
thetic potency ranking and the emetic potency
ranking—reveals little similarity indicating that the
emesis is most likely a side effect or indirect effect of
these agents and does not relate to their anaesthetic
action.

The problem of PONV has some parallels in
emesis induced by cytotoxic chemotherapeutic
agents where drug structure, cytotoxic action and
emetic effect are poorly related. However, as 5-HT,
receptor antagonists are effective against emesis
induced by a wide variety of cytotoxic drugs, but not
other stimuli {6], it is argued that the emetic potential
may be an index of their ability to release 5-HT from
the gut mucosa [8]. Preliminary clinical data indicate
that ondansetron, at doses comparable to those
effective against radiation and cytotoxic drug-
induced emesis, has some effect in PONV [58, 62,
64]. The vast majority of data has been gathered
from female patients undergoing gynaecological
procedures and, although the results are encour-
aging, they cannot be generalized to all forms of
PONV. The main reason for this is that 5-HT,
receptor antagonists are not general antiemetics:
ondansetron does not affect motion-induced emesis
in man [95] or emesis induced by intragastric
irritants or morphine in animals [6, 20, 97]. Thus it
is conceivable that, although 5-HT, receptor an-
tagonists may be of benefit in abdominal procedures
because they may release 5-HT and activate visceral
afferent pathways or the area postrema in a similar
way to that proposed for anticancer therapies, they
may be ineffective in ENT or ocular surgery.
However, if 5-H'T'; receptor antagonists are effective
against nausea and vomiting after a variety of
anaesthetic and surgical procedures then at last we
may have the key to the mechanism of PONV.

REFERENCES

1. Abrahamsson H, Thoren P. Vomiting and reflex vagal
relaxation of the stomach elicited from heart receptors in the
cat. Acta Physiologica Scandinavica 1973 ; 88: 433—439.

2. Adachi A, Kobashi M. Chemosensitive neurons within the
area postrema of the rat. Neuroscience Letters 1985; 55:
137-140.

3. Anderson EG, Bonnycastle DD. A study of the central
depressant action of pentobarbital, phenobarbital and dietary

¥20Z I4dy 61 uo 1senb Aq zz6552/Sz/) Juswaelddng/gg/eoie/elq/woo dno-ojwepeoe//:sdiy woij papeojumoqg



PHYSIOLOGY OF PONV

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ether in relationship to increases in brain 5-
hydroxytryptamine. Journal of Pharmacology and Exper-
imental Therapeurics 1960; 130: 138-143.

. Andrews PLR. Vagal afferent innervation of the gastro-

intestinal tract. In: Cervero F, Morrison JFB eds. Progress in
Brain Research Vol. 67. London: Elsevier Science Publishers,
1986; 65-86.

. Andrews PLR, Bhandari P, Garland S et al. Does retching

have a function: An experimental study in the ferret.
Pharmacodynamics and Therapeutics (Life Science Advances)
1990; 9: 135-152.

. Andrews PLR, Davis CJ, Bingham S, Davidson HIM,

Hawthorn J, Maskell L. The abdominal visceral innervation
and the emetic reflex: pathways, pharmacology and plasticity.
Canadian Fournal of Physiology and Pharmacology 1990; 68 :
325-345.

. Andrews PLR, Hawthorn J. The neurophysiology of

vomiting. Clinical Gastroenterology 1988; 2: 141-168.

. Andrews PLR, Rapeport WG, Sanger GJ Neuropharma-

cology of emesis induced by anti-cancer therapy. Trends in
Pharmacological Sciences 1988; 9: 334-341.

. Andrews PLR, Whitehead SA. Pregnancy sickness. News in

Physiological Sciences 1990; 5: 5-10.

Andrews PLR, Wood KL. Vagally mediated gastric motor
and emetic reflexes evoked by stimulation of antral mucosa in
anaesthetised ferrets. Journal of Physiology (London) 1988;
395: 1-16.

Angel A. Adventures in anaesthesia. Experimental Physiology
1991; 76: 1-38.

Badola RP, Bhargava KP, Dixit KS, Ratra CK. Role of
chemoreceptor trigger zone in cyclopropane-induced emesis
in dogs. British Journal of Pharmacology 1971; 43: 48-49.
Barber WD, Yuan C. Gastric-vagal splanchnic interactions in
the brainstem of the cat. Brain Research 1989; 487: 1-8.
Barnes NM, Bunce KT, Naylor R], Rudd JA. The action of
fentanyl to inhibit drug-induced emesis. Neuropharmacology
1991; 30: 1073-1083.

Barquist E, Zinner M, Rivier J, Tache Y. Abdominal surgery-
induced delayed gastric emptying in rats: Role of CRF and
sensory neurons. American Journal of Physiology 1992; 262
G616-G620.

Beattiec WS, Lindblad T, Buckley DN, Forrest JB. The
incidence of post-operative nausea and vomiting in women
undergoing laparoscopy is influenced by the day of the
menstrual cycle. Canadian Journal of Anaesthesia 1991; 38:
298-302.

Beleslin DB, Strbac M. Noradrenaline induced emesis: Alpha
adrenoreceptor mediation in the area postrema.
Neuropharmacology 1987; 26: 1157-1165.

Berg van den AA, Lambourne A, Clayburn PA. The
oculo—emetic reflex, a rationalisation of postophthalmic
anaesthesia vomiting. Anaesthesia 1989; 44: 110-117.
Berkley KJ, Hotta H, Robbins A, Sato Y. Functional
properties of afferent fibres supplying reproductive and other

organs in pelvic nerve of female rat. Fournal of
Neurophysiology 1990; 63: 256-272.
Bhandari P, Bingham S, Andrews PLR. The

neuropharmacology of loperamide induced emesis in the
ferret: the role of the area postrema, vagus, opiate, and 5HT,
receptors. Neuropharmacology 19925 31: 735-742.

Blair RW. Noxious cardiac input onto neurons in medullary
reticular formation. Brain Research 1985; 326: 335-346.
Bodman RI, Morton HJV, Thomas ET. Vomiting by out-
patients after nitrous oxide anaesthesia. Brirish Medical
Fournal 1960; April 30: 1327-1330.

Bodner M, White PF. Antiemetic efficacy of ondansetron
after outpatient laparoscopy. Anesthesia and Analgesia 1991;
73: 250-254.

Borison HL. Effect of ablation of medullary emetic chemo-
receptor trigger zone on vomiting responses to cerebral
intraventricular injection of adrenaline, apomorphine and
pilocarpine in the cat. Journal of Physiology 1959; 147:
172-1717.

Borison HL. Areca postrema: chemoreceptor
circumventricular organ of the medulla oblongata. Progress in
Neurobiology 1989; 32: 351-390.

Borison HL, Hawken M]J, Hubbard JI, Sirett NE. Unit
activity from cat area postrema influenced by drugs. Brain
Research 19753 92: 153-156.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

17S

Bourgoin S, Ternaux JP, Boireau A, Hery F, Hamon M.
Effects of halothane and nitrous oxide anaesthesia on SHT
turnover in the rat brain. Naunyn-Schmeidebergs Archives of
Pharmacology 1975; 288: 109-121.

Brooks MJ, Hubbard JI, Sirett NE. Extracellular recording
in the area postrema in vitro and the effects of cholinergic
drugs, serotonin and angiotensin. Brain Research 1983; 261:
85-90.

Carpenter DO. Neural mechanisms in emesis. Canadian
Fournal of Physiology and Pharmacology 1990; 68: 230-236.
Carpenter DO, Briggs DB. Insulin excites neurons of the area
postrema and causes emesis. Neuroscience Letters 1986; 68:
85-89.

Carpenter DO, Briggs BB, Knox AP, Strominger NL.
Radiation induced emesis in the dog: effects of lesions and
drugs. Radiation Research 1986; 108: 307-316.

Clevers GJ], Smout AJPM, Van Der Schee EJ, Akkermans
LLMA. Changes in gastric electrical activity in patients with
severe post-operative nausea and vomiting. Journal of Gas-
trointestinal Motility 1992; 4: 61-69.

Cookson RF. Mechanisms and treatment of post-operative
nausea and vomiting. In: Davis CJ, Lake-Bakaar GV,
Grahame-Smith DG, eds. Nausea and Vomiting : Mechanisms
and Trearment. Berlin, Heidelberg: Springer Verlag, 1986;
130-150.

Costello DJ, Borison HL. Naloxone antagonises narcotic self
blockade of emesis in the cat. Journal of Pharmacology and
Experimental Therapeutics 19775 203: 222-230.

Cotton BR, Smith G. The lower oesophageal sphincter and
anaesthesia. British Fournal of Anaesthesia 1984 ; 56 37—46.
Crampton GH. Neurophysiology of motion sickness. In:
Crampton GH, ed. Motion and Space Sickness. Boca Raton,
Florida: CRC Press, 1989; 29-42.

Cubeddu LX, Hoffman IS, Fuenmayor NT, Finn AL.
Efficacy of ondansetron and the role of serotonin in cisplatin-
induced nausea and vomiting. New England Fournal of
Medicine 1990; 322: 810-816.

Davis CJ, Harding RK, Leslie RA, Andrews PLR. The
organisation of vomiting as a protective reflex. In: Davis CJ,
Lake-Bakaar GV, Grahame-Smith DG, eds. Nausea and
Vomiting : Mechanisms and Treatment. Berlin: Springer-
Verlag, 1986; 65-75.

Davis I, Moore JRM, Sahiri SK. Nitrous oxide and the
middle ear. Anaesthesia 1979; 34: 147-151.

Davson H, Welch K, Segal MB. Physiology and
pathophysiology of the cerebrospinal fluid. In: Davson H,
Welch K, Segal MB, eds. The Cerebrospinal Fluid Pressure.
Edinburgh: Churchill Livingstone, 1987; 731-782.

Diaz PM, Ngai SH, Costa E. The effects of cyclopropane,
halothane and diethyl ether on cerebral metabolism of
serotonin in the rat. Anesthesiology 1968; 29: 959963,
Evans JM, Bithell JF, Vlachonikolis IG. Relationship
between lower oesophageal contractility, clinical signs and
halothane concentration during general anaesthesia and
surgery in man. British Fournal of Anaesthesia 1987; 59:
1346-1355.

Gandevia SC, McClosky DI, Potter EK. Reflex bradycardia
occurring in response to diving, nasopharyngeal stimulation
and ocular pressure, and its modification by respiration and
swallowing. Fournal of Physiology 1978; 276: 383—-394.
Garrick T, Mulvihill S, Buack S, Maeda-Hagiwara M, Tache
Y. Intracerebroventricular pressure inhibits gastric antral
and duodenal contractility but not acid secretion in conscious
rabbits. Gastroenterology 1988; 95: 26-31.

Gold MI. Postanaesthetic vomiting in the recovery room.

British Journal of Anaesthesia 1969; 41 143-149.

Gronstad KO, Ahlund L, Dahlstrom A, Haggendal J, Ahlman
H. A possible mechanism for the release of serotonin from the
gut caused by pentagastrin. Fournal of Surgical Research
1988; 44: 473-478.

Grundy D. The effect of surgical anaesthesia on antral
motility in the ferret. Experimental Physiology 1988; 75:
701-708.

Grundy D, Blackshaw A, Andrews PLR. Neural correlates of
the gastrointestinal motor changes in emesis. In: Tache Y,
Wingate D, eds. Brain Gut Interactions. Boca Raton, Florida:
CRC Press, 1991; 325-338.

Grundy DG, Scratcherd T. Sensory afferents from the

¥20Z I4dy 61 uo 1senb Aq zz6552/Sz/) Juswaelddng/gg/eoie/elq/woo dno-ojwepeoe//:sdiy woij papeojumoqg



18S

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

gastrointestinal tract. In: Wood JD, ed. Handbook of
Physiology, Vol. 1, Part 1. Bethesda, Maryland: American
Physiological Society, 1989; 593-620.

Hawthorn J, Andrews PLR, Ang VTY, Jenkins JS.
Differential release of vasopressin and oxytocin in response to
abdominal vagal afferent stimulation or apomorphine in the
ferret. Brain Research 1988; 438: 193-198.

Hovorka J, Korttila K, Erkola Q. The experience of the
person ventilating the lungs does influence postoperative
nausea and vomiting. Acta Anaesthesiologica Scandinavica
1990; 34: 203-205.

Hugenholtz H. Vomiting in neurological disorders. In:
Kucharzzyk KJ, Stewart DJ, Miller AD, eds. Nausea and
Vomiting : Recent Research and Clinical Advances. Boca Raton,
Florida: CRC Press, 1991; 163-175.

Isaacs B. The influence of head and body position on the
emetic action of apomorphine in man. Clinical Science 1957;
16: 215-221.

Jenkins L.C, Lehay D. Central mechanisms of vomiting
related to catecholamine response:anaesthetic implications.
Canadian Anaesthetists Society Fournal 1971; 18: 434-441.
Johannsen UJ, Summers R, Mark AL. Gastric dilation
during stimulation of cardiac sensory receptors. Circulation
1981; 63: 960-964.

Kapur PA. The big “little problem?™. Anesthesia and
Analgesia 1991; 73: 243-245.

Kataja J, Viinamaki O, Punnonen R, Kaukinen 8S.
Renin-angiotensin—aldosterone system and plasma
vasopressin in surgical patients anaesthetised with halothane
or isoflturane. European Fournal of Anaesthesiology 1988; 5:
121-129.

Kenny GNC, Oates JDL, Leeser J, Rowbotham DJ, Lip H,
Rust M, Saur P, Onsrud M, Haigh CG. Efficacy of orally
administered ondansetron in the prevention of postoperative
nausea and vomiting : a dose ranging study. British Journal of
Anaesthesia 1992; 68: 466-470.

King M]J, Milazakiewicz R, Carli F, Deacock AR. Influence
of neostigmine on postoperative vomiting. British Fournal of
Anaesthesia 1988; 61: 403—-406.

Kucharczyk J, Harding RK. Regulatory peptides and the
onset of nausea and vomiting. Canadian Journal of Physiology
and Pharmacology 1990; 68: 289-293.

Lang IM. Digestive tract motor correlates of nausea and
vomiting. Canadian Journal of Physiology and Pharmacology
1990; 68: 242-253.

Larijani GE, Gratz 1, Ashfar M, Minassian S. Treatment of
postoperative nausea and vomiting with ondansetron: a
randomised, double blind comparison with placebo.
Anesthesia and Analgesia 1991; 73: 246-249.

Larsson S, Jonmarker C. Postoperative emesis after pediatric
strabismus surgery: the effect of dixyrazine compared to
droperidol. Acta Anaesthesiologica Scandinavica 1990; 34:
227-230.

Leeser J, Lip H. Prevention of postoperative nausea and
vomiting using ondansetron, a new selective 5HT3 receptor
antagonist. Anesthesia and Analgesia 1991; 72: 751-755.
Lefebvre RA, Willems JL, Bogaert MG. Gastric relaxation
and vomiting by apomorphine, morphine and fentanyl in the
conscious dog. European Fournal of Pharmacology 1981; 69:
139-145.

Leslie RA. Comparative aspects of the area postrema: fine
structural considerations help to determine its function.
Cellular and Molecular Neurobiology 1986; 6: 95-120.
Livingstone EH, Passaro EP. Postoperative ileus. Digestive
Diseases and Sciences 1990; 35: 121-132.

Lucot JB. Neurochemistry and pharmacology of motion
sickness in non-human species. In: Crampton GH, ed.
Motion and Space Sickness. Boca Raton, Florida: CRC Press,
1990; 49-64.

Mehler WR. Observations on the connectivity of the
parvicellular reticular formation with respect to a vomiting
centre. Brain, Behaviour and Evolution 19835 23: 63-80.
Miller AD. Respiratory muscle control during vomiting.
Canadian Journal of Physiology and Pharmacology 1990; 68:
237-241.

Money KE, Cheung BS. Another function of the inner ear:
Facilitation of the emetic response to poisons. Aviation Space
and Environmental Medicine 1983; 54: 208-211.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

BRITISH JOURNAL OF ANAESTHESIA

Morrison JD, Hill GB, Dundee JW. Studies of drugs given
before anaesthesia XV: Evaluation of the methods of study
after 10,000 observations. British Fournal of Anaesthesia 1968
40: 890-900.

Moss HE, Sanger GJ. The effects of granisetron, 1CS-205-
930 and ondansetron on the visceral pain reflex induced by
duodenal distension. British Fournal of Pharmacology 1990;
100: 497-501.

Nimmo WS. Effect of anaesthesia on gastric motility and
emptying. British Fournal of Anaesthesia 1984; 56: 29-35.
Palazzo MGA, Strunin L. Anaesthesia and emesis. I:
etiology. Canadian Anaesthetists Society Fournal 1984; 31:
178-187.

Palazzo MGA, Strunin L. Anaesthesia and emesis II:
Prevention and management. Canadian Anaesthetists Society
Fournal 1984; 31: 407-415.

Parkhouse J. The cure for postoperative vomiting. Brirish
Journal of Anaesthesia 1963; 35: 189-193.

Parkhouse J, Henries JR, Duncan GM, Rome HP. Nitrous
oxide in relation to mental performance. Journal of Phar-
macology and Experimental Therapy 1960; 128: 44-54.
Pavlasek J, Gokin AP, Duda P. Visceral pain: responses of
the reticular formation neurons to gallbladder distension.
Fournal de Physiologie 19775 73: 335-346.

Pelchat ML, Rozen P. The special role of nausea in the
acquisition of food dislikes by humans. Appetite 1982; 3:
341-351.

Purkis IE. Factors that influence postoperative vomiting.
Canadian Anaesthetists Society Fournal 1964; 11: 335.
Racke K, Schworer H. Regulation of serotonin release from
the intestinal mucosa. Pharmacology Research 1991; 23:
13-25.

Raftery S, Sherry A. Total intravenous anaesthesia with
propofol and alfentanil protects against postoperative nausea
and vomiting. Canadian Fournal of Anaesthesia 1992; 39:
37-40.

Rang HP, Dale MM. General anaesthetic agents. In: Rang
HP, Dale MM, eds. Pharmacology. Edinburgh: Churchill
Livingstone, 1987; 471-485.

Ratra CK, Badola RP, Bhargava KP. A study of factors
concerned in emesis during spinal anaesthesia. British Journal
of Anaesthesia 1972; 44: 1208-1211.

Richter G, Stockmann F, Conlon JM, Creutzfeldt W.
Serotonin release into blood after food and pentagastrin.
Gastroenterology 1986; 91: 612—618.

Riding JE. The prevention of postoperative vomiting. British
Fournal of Anaesthesia 1963; 35: 180-188.

Rose JD. Response properties and anatomical organisation of
pontine and medullary units responsive to vaginal stimulation
in the cat. Brain Research 1975; 97: 79-93.

Rubin A, Winston J. The role of the vestibular apparatus in
the production of nausea and vomiting following the
administration of morphine to man. Journal of Clinical
Investigation 1950; 29: 1261-1266.

Sem-Jacobsen CW. Depth Electrographic Stimulation of the
Human Brain and Behaviour. Springfield, Illinois: Thomas,
1968.

Shirasaka C, Tsuji H, Asoh T, Takeuchi Y. Role of the
splanchnic nerves in endocrine and metabolic response to
abdominal surgery. British Fournal of Surgery 1986; 73:
142-145.

Sleight P. Cardiac vomiting. Brirish Heart Fournal 1981; 46:
5-17.

Snow J. On Narcotism by the Inhalation of Vapours, Facsimile
Edn 1991. London: Royal Society of Medicine Services Ltd,
1848.

Stein JM. Factors affecting nausea and vomiting in the plastic
surgery patient. Plastic and Reconstructive Surgery 1982; 70:
505-511.

Stott JRR, Barnes GR, Wright RJ, Ruddock CJS. The effect
on motion sickness and oculomotor function of GR38032F, a
5HT, receptor antagonist with anti-emetic properties. British
Fournal of Clinical Pharmacology 1989; 27: 1-11.

Sugiyama H, Chow KL, Dragstedt LLR. Study of emetic
receptor sites for staphylococcal enterotoxin in monkeys.
Proceedings of the Society for Experimental Biology and
Medicine 1961; 108: 92-95.

Thompson PI, Bingham S, Andrews PLR, Patel N, Joel SP,
Slevin ML. Morphine-6-glucuronide: A metabolite of mor-

¥20Z I4dy 61 uo 1senb Aq zz6552/Sz/) Juswaelddng/gg/eoie/elq/woo dno-ojwepeoe//:sdiy woij papeojumoqg



PHYSIOLOGY OF PONV

98.

99.

100.

101.

102.

103.

phine with greater emetic potency than morphine in the
ferret. British Journal of Pharmacology 1992; 106: 3-8.
Treisman M. Motion sickness: an evolutionary hypothesis.
Science 1977; 197 : 493-495.

Ukai M, Moran WH, Zimmermann B. The role of visceral
afferent pathways on vasopressin and urinary excretory
patterns during surgical stress. Annals of Surgery 1968; 168 :
16-28.

Vance JP, Neil RS, Norris W. The incidence and aetiology
of post-operative nausea and vomiting in a plastic surgical
unit. British Journal of Plastic Surgery 1973; 26: 336-339.
Walt van der JH, Jacob R, Murrell D, Bentley M. The
perioperative effect of oral premedication in children.
Anaesthesia and Intensive Care 1990; 18: 5-10.

Wang SC, Borison HL.. The vomiting center. A critical
experimental analysis. Archives of Neurology and Psychiatry
1950; 63: 928-941.

Wang SC, Borison HL. The vomiting center: Its destruction

104.

105.

106.

107.

108.

198

by radon implantation in dog medulla oblongata. American
Fournal of Physiology 1951; 166: 712-717.

Wang SC, Borison HL.. A new concept of organization of the
central emetic mechanism: Recent studies on the sites of
action of apomorphine, copper sulfate and cardiac
glycosides. Gastroenterology 19523 22: 1-12.

Weitz R. Prophylaxis of cyclic vomiting with propran-
olol. Drug Intelligence, Clinical Pharmacology 1982; 16:
161-162.

Whitwam JG, Morgan M, Owen JR, Goolden AWG, Spiers
ASD, Goldman JM, Gordon-Smith EC. General anaes-
thesia for high dose total body radiation. Lancer 1978; 1:
128-129.

Woolf CJ. Generation of acute pain: central mechanisms.
British Medical Bulletin 1991; 47: 523-533,

Zuinin GS, Roth SH, Lucier GE. The inhibitory effect of
halothane on the emetic response in the ferret. Canadian
Fournal of Physiology and Pharmacology 1990; 68: 374-378.

¥20Z I4dy 61 uo 1senb Aq zz6552/Sz/) Juswaelddng/gg/eoie/elq/woo dno-ojwepeoe//:sdiy woij papeojumoqg





