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Preface

Prevention and treatment of nausea and emesis are very important issues
for the patient’s well-being under different clinical as well as outpatient situa-
tions. This multidisciplinary book on this topic should bridge the gap between
basic research and clinical practice, and we hope that many scientists will be
able to benefit from it. In this context I am very grateful to everybody who was
involved in the preparation and completion of this book.

Various and partly still unresolved pathomechanisms play roles in nausea
and emesis in humans, and appropriate animal models are not always available
for preclinical research on antiemetic drugs. Therefore, only the results from
studies in the clinical setting can decide a new compound’s utility. Basically, we
have a rather small number of drugs in the established treatment regimens, how-
ever some new interesting compounds are being studied in clinical trials.

The aim of this book on the one hand is to lead to a better understanding
of the pathophysiology of nausea and emesis under different conditions, and on
the other to provide an update of the treatment regimens. Specifically, the
increasing use of emetogenic anti-cancer chemotherapy needs the best preven-
tion and treatment strategies to control its nausea- and emesis-provoking side
effects. Vomiting might also be a complicating factor in radiation therapy and
surgery. On the other hand, in women affected by nausea and vomiting in early
pregnancy, the question of drug treatment versus non-treatment has to be
answered.

Essentially, this book should serve the clinician. In collecting the articles
we aimed at providing a ‘state-of-the-art’ overview of the selection of
antiemetic drugs available and their dosages and routes of administration under
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specific clinical conditions. After a few decades of intense research, we are in
the fortunate situation that in almost every relevant clinical condition of nausea
and emesis, a collection of investigations has put forward clear conclusions for
the best treatment modalities.

Whereas the main task of collecting these papers was to serve the clinician
when making the right choice for every patient’s needs, the book also pays
significant attention to the interests of scientists in basic research as well as
academic teachers.

Josef Donnerer
September 2002
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The Emetic Reflex Arc

Josef Donnerer

Institute of Experimental and Clinical Pharmacology, University of Graz, Austria

The emetic reflex is an autonomous defense reaction of the gastrointesti-
nal tract, aimed at eliminating noxious agents, in a similar way as the cough
reflex or sneezing is aimed at eliminating irritating particles from the respira-
tory tract. Therefore, in many instances, nausea and emesis are evoked by
ingestion of spoiled food, too much alcohol, or simply by eating too much.
Under these circumstances the ability to detect and to eject potential toxic sub-
stances from the gastrointestinal tract can be regarded as a useful reaction.
However, nausea and emesis can also represent general symptoms of a disease
or they are side effects of certain drug actions. Under these latter circum-
stances, the emetic reflex has to be regarded as a more general defense reaction
against potential toxic substances; the toxic substances are, however, in the
bloodstream and cannot be eliminated anymore by vomiting. These conditions
are very stressful for the patient and need efficient therapy. Examples represent
chemotherapeutic agents inducing nausea and emesis for hours and days with-
out eliminating any toxins from the body, postoperative nausea and vomiting,
hyperemesis gravidarum and nausea in the course of opioid therapy.

Neuronal Structures Involved in the Emetic Reflex Arc

The receptive pathway of the emetic reflex is a build-up of different sen-
sors and receptors in the periphery as well as within the CNS [1]. Sensory
impulses are conveyed by afferent neurons towards a medullary control center.
In the so-called ‘vomiting center’, impulses are integrated and transmitted onto
motor and autonomic output limbs to elicit either the feeling of nausea, retch-
ing or emesis. Although the receptive pathways may be different, all sensory
pathways converge on a common preprogrammed motor and autonomic output
to the digestive tract.



Chemoreceptor

trigger zone
Vomiting center Nucleus of the

solitary tract

(Vagus nerve)
Anatomical overview

Fig. 1. Structures within the CNS that can be regarded as central coordination areas of
the emetic reflex.

Many neurotransmitter receptors are present on this reflex arc, which can
be selectively influenced by antiemetic drugs. Depending on the noxious agents
and the anatomical location of the pathways, different receptors may be
involved and different therapeutic drugs are effective.

Within the CNS there are three structures that can be regarded as central
coordination areas of the emetic reflex (fig. 1). They are located in the medulla/
brainstem region. Vomiting is coordinated by a distributed medullary control
system rather than a unique, well-defined vomiting center. Neurons involved
are embedded in an arc of neurons radiating from the area postrema and nucleus
of the solitary tract (NTS) through the intermediate reticular zone of the lateral
tegmental field to the ventrolateral medulla. These functional areas are located
close to or are integrated into nuclei of the vagus nerve, the most important
input for the emetic reflex. The vomiting center represents the central connec-
tion between sensory afferents and motor and autonomic efferents [2—4].

The ‘chemoreceptor trigger zone’ (CTZ) of the area postrema is situated
nearby, which serves the central detection of noxious agents that circulate in the
bloodstream and in the cerebrospinal fluid. This area on the floor of the fourth
ventricle is on the one hand directly exposed to the cerebrospinal fluid, and can
detect noxious agents that are present in it, and on the other hand it contains
a dense vascular network of fenestrated capillaries. In this way, substances
circulating in the blood can be detected that would not penetrate the blood-brain
barrier. Chemoreceptors in the area postrema, which are outside the blood-
brain barrier, are sensitive to circulating emetic agents such as apomorphine,
cytotoxic drugs and dopamine.

Donnerer 2



Furthermore, the CTZ is integrated into the afferent pathway of emetic sig-
nals from the periphery and from the vestibular labyrinth. Apomorphine, a
dopamine agonist, is a very specific stimulus for the CTZ, and can be used as
an emetic agent. The area postrema is a chemoreceptive area for triggering
vomiting. The area postrema projects to the vomiting center and to the NTS.

The NTS is the sensory nucleus of the vagus nerve and of the glossopha-
ryngeus nerve, and transmits the afferent signals from the pharynx and from the
gastrointestinal tract to the CNS. In the NTS, there is a close correspondence
between neurons activated by emetic drugs and sites of afferent input from the
area postrema and abdominal vagus nerve. Some NTS neurons receive conver-
gent input from the vestibular labyrinth and abdominal vagus nerve. Thus the
NTS may represent the beginning of a final common pathway by which differ-
ent emetic inputs produce vomiting. The region of the retrofacial nucleus con-
tains pre-motor and motor neuronal circuitry critical for generating the pattern
of the respiratory-related components of vomiting. Emetic stimuli activate neu-
rons in the dorsal vagal complex; these neurons also control swallowing,
baroreceptor reflexes, respiration, tone and motility of the stomach and lower
esophageal sphincter.

In short, the emetic reflex arc connects sites of primary sensory input
(nodose ganglia, NTS, area postrema) to pre-motor (nucleus retroambiguus)
and motor (dorsal vagus, phrenic nuclei) output limbs (fig. 2).

Serotonin 5-HT3, dopamine D,, histamine H; and muscarinic (M) acetyl-
choline receptors are located within the described three brain nuclei receptors
important for the initiation of nausea and emesis [5, 6]. Corresponding antago-
nists can therefore have an inhibitory effect within these areas to prevent or
inhibit emesis.

The efferent part of the vomiting reflex includes coordinated control of the
diaphragm, inspiration, blood pressure, heart rate, larynx, pharynx, tongue,
lower esophageal sphincter and gastric fundus (fig. 3). A rapid and distinctive
firing pattern from vagal motor nerve fibers is essential for emesis.

Brain regions essential for vomiting or thought to be involved in the emetic
motor response are known from animal experiments during fictive vomiting
[3]. These include the retrofacial nucleus of the brainstem and the dorsolateral
medullary reticular formation of the obex. Cells are activated in the ventral
medulla — they control larynx and pharynx, respiration, sympathetic outflow to
maintain blood pressure and parasympathetic neurons that innervate the heart.
The respiratory components of the vomiting arc are also controlled from the
ventrolateral medulla. Extensive activation also occurs in the dorsal motor
nucleus of the vagus. In the reticular formation, activation occurs of neurons in
distinct columns corresponding to the locations both of swallowing reflex
interneurons and of the inferior salivatory nucleus. Activity is also seen in the
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Fig. 2. The emetic reflex arc connects sites of sensory input to motor output limbs.
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Fig. 3. Schematic diagram of the vomiting reflex.
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Bad taste, nauseating Emotional Motion sickness
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v
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cerebellum
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Cortex, limbic system
and higher CNS centers
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Somatic motoneurons and autonomic efferent neurons

Fig. 4. Emetic reflexes evoked by the first line of defense. D, = Dopamine D, recep-
tor, H; = histamine H; receptor, M = muscarinic cholinergic receptor.

subretrofacial nucleus, which conveys sympathoexcitatory signals to spinal pre-
ganglionic neurons.

The efferent motor output is mediated by the motor nerves to the respira-
tory and abdominal muscles [7]. Efferent autonomic impulses are conveyed to
the smooth muscles of the gastrointestinal tract, to the salivary glands and to the
heart. The neural reflexes in emesis evoke a contraction of the respiratory and
abdominal muscles and a reversal of the normal function programs of esopha-
gus and stomach: relaxation of the lower esophagus sphincter and of the prox-
imal stomach, and retroperistalsis. The heart rate can be influenced towards
bradycardia or towards tachycardia.

The Emetic Reflex as a Defense Reaction

With regard to the receptors and afferent pathways, that convey informa-
tion to the emetic reflex center, three different lines of defense can be distin-
guished [1]: (1) a first line of defense before enteral intake of toxins; (2) a
second line of defense before absorption of toxins, and (3) a third line of
defense after the absorption of noxious substances.

The relevant sensors of the first line of defense include taste, smell, hear-
ing, eyesight and the vestibular labyrinth (fig. 4). Bad taste (taste aversion),
nauseating smells and repulsive sights, even thinking of it can evoke emesis.
The afferent signals are transmitted via higher CNS centers. An important sen-
sor for several types of nausea and emesis is the vestibular labyrinth. The recep-
tors there are stimulated by increment of speed (motion-induced vomiting) or
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Chemical/mechanical irritation of pharynx, Irritation of other visceral

stomach, duodenum; infectious agents, organs, surgical interventions
chemotherapeutic agents X-irradiation

l I v

Visceral afferents (vagus nerve, | Splanchnic nerves
glossopharyngeus nerve, trigeminus nerve)
5-HT,
Chemoreceptor trigger zone Nucleus of the solitary tract
D, M 5-HT, 5-HT, D, M
| ! ,

Vomiting center D, H; M

! |

Somatic motoneurons and autonomic efferent neurons

Fig. 5. Emetic reflexes evoked by the second line of defense in the digestive tract.
D, = Dopamine D, receptor, H; = histamine H; receptor, M = muscarinic cholinergic
receptor, 5-HT; = serotonin 5-HT; receptor.

by the position of the body (vestibular-induced vomiting). A disharmony
between the messages from the eye and the vestibular apparatus can evoke
oculovestibular system-induced motion sickness [7]. The afferent signals to the
vomiting center travel via the vestibular nuclei and the cerebellum. In motion
sickness, histamine H; and muscarinic receptors are thought to be involved.

The second line of defense is carried by sensory systems in the digestive
tract that sense swallowed noxious substances and represent the preabsorptive
response (fig. 5). The sensory neural pathways include the vagus nerve which
mediates responses from the stomach, and the splanchnic nerves which medi-
ate responses from the entire small intestine. The vagus nerve innervates
almost all parts of the upper digestive organs and conveys its afferent signals
to the NTS, which is located close to the vomiting center. The receptors on the
vagal nerve can detect chemical or mechanical stimuli within the visceral
organs [8].

Mechanical stimulation of the digestive tract from pharynx to small intes-
tine can activate nausea and emesis. Similarly, chemoreceptors in the mucosa
and possibly also in the serosa respond to a variety of stimuli. The distal stom-
ach and duodenum are the most sensitive regions. Visceral mechanoreceptors
react very sensitively to a distension of the distal parts of the stomach and of
the small intestine as it occurs in motility disorders. Mechanical stimuli on
the mesenterium, the peritoneum and on many visceral organs can evoke nau-
sea and emesis [9]. Other sensory nerves in the trigeminus nerve or in the
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released by chemotherapeutic agents, Dopamine agonists,
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Fig. 6. Emetic reflexes from the third line of defense. D, = Dopamine D, receptor,
H, = histamine H, receptor, M = muscarinic cholinergic receptor, 5-HT; = serotonin
5-HT; receptor.

glossopharyngeus nerve can also transmit emetogenic signals, e.g. mechanical
stimuli from the eye or stimuli from the pharynx.

Polymodal receptors in the stomach can be stimulated by a variety of
chemical agents, like hypertonic saline or ipecacuanha. When chromaffin-like
cells of the upper gastrointestinal tract are damaged by X-irradiation or by
chemotherapeutic agents, they release serotonin (5-hydroxytryptamine, 5-HT),
which can stimulate 5-HT; receptors on the vagus nerve. Released 5-HT can
also reach the CTZ directly via the bloodstream and stimulate 5-HT}; receptors.
Additionally, a direct stimulation of vagal afferents by the antineoplastic agents
or by the X-irradiation could be responsible for the induction of emesis. Strong
emetogenic agents include cisplatin, dacarbazine, cyclophosphamide, melpha-
lan and actinomycin [10]. Toxins produced by infectious agents can also acti-
vate the emetic reflex.

5-HT; receptors are widespread receptors activated primarily by toxic
stimuli. 5-HT depolarizes the vagus nerve through 5-HT; receptors and is a
noxious stimulant for vagal afferents. Other receptors in the intestine that might
be activated by chemical stimulation include the 5-HT, receptor and the
dopamine D, receptor.

The third line of defense representing the postabsorptive response includes
the CTZ of the area postrema, which senses noxious substances in the circula-
tion (fig. 6). The CTZ can be stimulated by a variety of compounds, that also
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stimulate the vagal afferents like 5-HT, by toxins released from damaged cells
or by antineoplastic agents themselves. Within the CTZ, agents like nicotine,
digitalis and opioids can also produce emetogenic signals. Dopamine agonists
like apomorphine can evoke nausea and emesis by stimulation of central D,
dopamine receptors, and opioids by stimulation of centrally located opioid
receptors. Cisplatin produces vomiting by a cascade of mechanisms that prob-
ably involve parallel activation of abdominal visceral (vagal and splanchnic)
afferents and the emetic CTZ in the area postrema.

Nausea and Emesis Response

Immediate and Indirect Consequences

Nausea is a subjective sensation (the feeling of nausea), often combined
with autonomic reactions: hypersecretion in the upper digestive system, cold
sweat, pallor, epigastric awareness, tachycardia or bradycardia with a relaxation
of the proximal parts of the stomach. A discussion is still going on whether
there is a distinct nausea center close to the emetic reflex center, or alternatively
if nausea corresponds only to a subthreshold activation of the emetic reflex cen-
ter. Emesis can follow, but this does not have to be the case; vomiting can occur
without any preceding phase of nausea.

Nausea symptoms are often followed by a retching phase. This is charac-
terized by convulsive, rhythmic inspiratory movements and contractions of the
abdominal muscles, however during the inspiration the pressure evoked by the
abdominal muscles is neutralized by the negative pressure within the thorax, so
that the content of the stomach is only moved forward and backward. When the
stomach is filled with food after a meal, vomiting will follow rapidly. However,
when the stomach is empty, the retching episodes are unproductive and a relief
by emesis cannot follow; these situations are specifically stressful, e.g. in anti-
neoplastic therapy.

During the emetic phase a coordinated activation of various groups of
muscles occurs: respiratory, abdominal, oral, trunk and head muscles are acti-
vated and lead to the typical posture during vomiting. A wave of high intra-
abdominal pressure is combined with a phase of high intrathoracic pressure.
Expulsion is a response to changes in intra-abdominal and intrathoracic pres-
sure generated by the respiratory muscles. Vomitus expulsion consists of the
simultaneous contraction of the diaphragm, abdominal muscles, and expiratory
intercostalis muscles. Retrograde giant contractions of the small intestine and
gastric antrum are accompanied by relaxation of the gastric fundus and corpus
and thoracic esophagus, and a retrograde contraction of the cervical esophagus
to expel gastrointestinal content orally. The smooth muscles of the stomach
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itself do not contract, the pressure onto the stomach is solely produced by the
abdominal wall and the diaphragma. During emesis the gum and the glottis
close the respiratory tract to protect it from aspiration. The coordinated activa-
tion of oropharyngeal and laryngeal motoneurons is an integral component of
the vomiting response.

Dopamine receptors in the stomach mediate the inhibition of gastric motil-
ity during nausea and emesis — this is one of the targets of the dopamine D,
receptor antagonists. Newly developed tachykinin NK, receptor antagonists act
at a site in the dorsal vagal complex. Part of their effectiveness may be the result
of inhibition of the NK; receptors on vagal motor neurons to prevent fundic
relaxation, which is a prodromal event essential for emesis.

The immediate consequences of vomiting are a loss of water and elec-
trolytes with fluid depletion and electrolyte changes likely to occur following
prolonged vomiting. This can be particularly dangerous for young children.
There is always a danger of aspiration, specifically when CNS-depressing drugs
are taken concomitantly by the patient. The psychological stress can lead to life-
long aversions or conditioning, e.g. to the refusal of curative antineoplastic
therapy.

Among the indirect consequences of vomiting there are effects on the heart
rate and on the circulatory system, as well as a high pressure in certain organs.
It can lead to mechanical injury of the esophagus or the stomach, such as rup-
tures of the mucosal or inner muscular layers of these organs. The increase in
the cranial blood pressure could lead to the rupture of an aneurysm.
Postoperative vomiting can endanger the results of the preceding surgical inter-
ventions, in the case of aspiration there is a danger of pneumonia.

As already stated above, several well-defined receptor sites can serve as
targets for effective antiemetic drug therapy. In view of the considerable stress
exerted on a person by nausea and vomiting, antiemetic therapy should, when-
ever possible, already be a preventive measure. A selection of drugs for specific
clinical situations are given in the following chapters.
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Receptive Mechanisms of Noxious
Stimulation of Emesis

Ivan M. Lang

Department of Medicine, Medical College of Wisconsin, Milwaukee, Wisc., USA

This chapter will address the receptive mechanisms of vomiting initiated
by noxious substances or forces acting through the digestive tract and the
chemoreceptor trigger zone (CTZ). Some may consider motion sickness a nox-
ious form of emesis, but this subject will not be addressed here.

Emesis caused by noxious substances serves a protective function and
involves receptors located at different levels within the neuraxis. Pre-absorptive
noxious receptors are located in the mucosa of the digestive tract [1] and the
post-absorptive noxious receptors are located in the CTZ of the brain [2].
Clinically relevant agents or forces, e.g. radiation [3] or cytotoxic drugs [4],
may cause emesis by activating receptive mechanisms for noxious stimulation-
induced vomiting. Before describing the receptive mechanisms of noxious
stimulation-induced emesis, a brief description of the motor events of emesis
will be provided in order to better understand functions of the emetic response.

Characterization and Function of Emetic Responses

The emetic process involves coordinated changes in respiratory, gastroin-
testinal and cardiovascular systems [5, 6], but vomitus expulsion is comprised
of two separately controlled but related sets of motor events of the respiratory
and digestive tracts [7, 8]. The first set of events involves most of the digestive
tract, and the first digestive tract response is increased salivation and swal-
lowing [9]. The swallowing of salivary secretions has been found to buffer acid
refluxed into the esophagus [10], similarly, the increased swallowing before
vomiting may act to buffer acidic gastric contents before passage through the
esophagus during vomiting. This buffering of gastric contents may be an



important function because the esophagus is not well protected against acid
exposure [11].

After this period of increased swallowing, separate sets of intestinal con-
tractions expel the contents of the small intestine into the stomach and colon
[12, 13]. The primary function of these contractions is to remove the offending
noxious substance from the absorbing areas of the digestive tract and to allow
elimination of the substance orally and anally. The upper half of the small intes-
tine is emptied by a single large amplitude contraction that propagates
retrogradely [12, 14]. However, the retrograde contraction also occurs during
types of vomiting, e.g. motion sickness [15], when there is no offending nox-
ious substance to expel. Perhaps the retrograde contraction serves an additional
function. In all vomiting acidic gastric juice must be expelled through a weakly
protected esophagus [11]. The retrograde contraction probably causes intralu-
minal release and gastric deposition of mucous and bicarbonate from the
Brunner’s glands as it passes from duodenum to stomach, because strong duo-
denal contractions have been shown to cause Brunner’s gland secretion [16].
Therefore, the retrograde contraction may function not only to protect the
organism from offending noxious substances, but also to assist in protection of
the esophagus from damage by acidic gastric contents.

The contents of the lower half of the small intestine are emptied into the
colon by a series of anally propagating contractions [12, 13]. While the size of
these contractions is not larger than those that occur during the fed or fasted
states, the propagation distance of these phasic contractions is longer [6, 12].
The longer propagation distance and repetitive nature of these distal intestinal
contractions act to quickly milk distal intestinal contents into the colon.
Defecation often follows emesis [15], and if significant amounts of the
offending substance reach the colon defecation may be as important as vomitus
expulsion in eliminating the offending noxious substance from the organism.

After the intestinal contents are refluxed back to the stomach, the respiratory
phase of vomiting begins. The lower esophageal sphincter relaxes and the esopha-
gus contracts longitudinally pulling the gastroesophageal junction into the thoracic
cavity [9, 17]. This action removes the primary physical barrier, i.e. the esophago-
fundic angle which forms the fundic pouch [17], to gastroesophageal reflux.
Retching begins as the entire diaphragm contracts pulling the stomach caudad [18,
19]. At this time the esophagus and upper esophageal sphincter (UES) relax and
the glottis closes [7]. While some gastric contents may be expelled into the esoph-
agus during retching [18, 19], this reflux is limited by contraction of the diaphrag-
matic hiatus [8, 9]. Between retches the diaphragm relaxes as the esophagus
contracts pulling the stomach orad [9]. Both the UES and glottis close [7-9] pre-
venting esophagopharyngeal reflux and aspiration. These events are repeated once
per second which causes the gastric contents to mix together while being thrown
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cranially and caudally during retching [7, 9]. Finally, during the contractile phase
of the last retch, vomiting occurs [7, 9]. The vomit is similar to the contractile
phase of retching except that the diaphragmatic hiatus and the UES relax allowing
gastro-oral reflux. In addition, the UES and pharynx are maximally pulled rostrally
and anteriorly by contraction of the suprahyoid and suprapharyngeal muscles
[7, 9]. At this time the gastric contents enter the esophagus [18, 19] and a retro-
grade contraction of the striated muscle portion of the esophagus assists the orad
progression of the bolus through the maximally opened and relaxed UES to the
pharynx [9]. It is unknown whether this retrograde contraction of the esophagus is
a centrally controlled patterned motor event or a series of myostatic reflexes. If it
is a patterned event then it actively pushes the bolus orad, and if it is a series of
reflexes then it probably acts to prevent the bolus from moving caudad.

Receptive Mechanisms

Digestive Tract

Physiological Receptors. The digestive tract is the source of the pre-
absorptive receptors for the activation of vomiting by noxious substances or
forces. These receptors may be mechano- or chemoreceptors. Mechanical stim-
ulation of the digestive tract from the pharynx to the small intestine by stroking
the mucosa, distention, compression or obstruction activates nausea and vomit-
ing [20-22].

Gastrointestinal mechanoreceptors have been found in all three layers of
the digestive tract [23]. The mucosal mechanoreceptors are primarily rapidly
adapting and many are also chemosensitive [23]. These receptors may be free
nerve endings as no specific receptor organ has been identified [24]. The
mechanoreceptors of the muscularis are primarily slowly adapting in-series ten-
sion receptors which are located within the muscular plexus and have been
termed intraganglionic laminar endings [23, 25, 26]. The mechanoreceptors of
the serosa are also slowly adapting tension receptors which may be free nerve
endings, however, the threshold for activation of these receptors is greater than
that for receptors of the muscularis [23]. Considering that the physiological
mechanical stimulus most likely to activate vomiting is a slow but strong dis-
tention due to obstruction [22, 23, 27], it is possible that one of the mechanore-
ceptors mediating vomiting may be the high threshold slowly adapting
mechanoreceptors of the serosa. These serosal receptors may also be responsi-
ble for peritonitis-induced emesis [28, 29].

The chemoreceptors mediating emesis have been found mostly [22, 30] in
the distal stomach and proximal small intestine and are probably located in the
mucosa. These receptors respond to a variety of noxious substances including
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HCI [14, 21], alkaline solutions [21], CuSO, [1, 31-33], acetic acid [34], hyper-
tonic saline [21, 34], potassium myltartrate [34], syrup of ipecac [35], mustard
[34] and mercuric chloride [34]. Two types of chemoreceptive mechanisms
have been identified in the digestive tract wall: chemoreceptors of the mucosa
[23, 36] and enterochromaffin (EC) cells [37, 38]. The mucosal chemorecep-
tors may be free nerve endings [24], are found in all areas of the digestive tract
[23], and may be either polymodal or chemospecific [23]. The EC cells span the
mucosa, secrete neuroactive substances, are richly innervated, and are found in
the stomach, duodenum and colon [39]. Both the chemoreceptors and the EC
cells are found in greatest abundance in areas of the digestive tract [39], i.e.
upper digestive tract, that are most sensitive to chemical stimulation of emesis
[22, 30].

The specific physiological receptor responsible for emesis caused by nox-
ious chemical stimulation of the digestive tract is unclear. Peripherally stimu-
lated emesis caused by intraluminal administration of noxious chemicals, e.g.
CuSO0,, is blocked by vagotomy [1]. The most sensitive areas of the digestive
tract to luminal stimulation are the stomach and duodenum, and the ileum
is insensitive to CuSO, [22, 30]. However, intraluminal administration of
CuSO, releases 5-HT from EC cells of the ileum, but not the stomach [40, 41].
Therefore, evidence suggests that CuSO,-induced emesis and perhaps all
noxious chemical (intraluminally administered) induced emesis is mediated
by vagal chemoreceptors of the digestive tract mucosa rather than release of
5-HT from EC cells. The specific receptive mechanisms mediating cytotoxin-
or radiation-induced emesis are unknown. While cytotoxin, radiation or CuSO,
can release 5-HT from EC cells of the lower small intestine [40, 41, 42],
cytoxin- but not CuSO,-induced emesis is blocked by 5-HT; antagonists [31,
32,40, 41, 43, 44]. These findings suggest that radiation- or cytotoxin-induced
emesis causes vomiting by the release of 5-HT from EC cells rather than acti-
vation of chemoreceptors.

Neural Pathways. The afferent pathways for digestive tract noxious
stimulation-induced emesis comprise the vagus and splanchnic nerves, and pos-
sibly a co-sympathetic nerve mediated spinal cord pathway. These pathways can
be through direct innervation of the chemoreceptors [23] or through synaptic
contact with EC cells as the EC cells are innervated by the vagus nerves [37,
38]. The afferent pathway is more related to the location of the stimulus in the
digestive tract than to the specific type of stimulus. The vagus nerves mediate
emetic responses from the stomach [21], and the splanchnic nerves and spinal
cord mediate emetic responses from the small intestine [27]. Correspondingly,
CuSOg-induced (intraluminally administered) emesis is blocked by vagotomy
[1], but stimuli, i.e., radiation and cytotoxins (i.v. or i.p.), that affect both stom-
ach and small intestine can be blocked only by transection of the vagus, and
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splanchnic nerves or spinal cord [43—46]. Regardless of the noxious stimulus,
the vagus nerves are the primary afferents for activation of emesis as vagotomy,
but not splanchnectomy, block emesis due to low doses [47, 48] or significantly
inhibits emesis due to higher doses of these stimuli [43, 44]. However, non-
vagal afferents, i.e. sympathetic or co-sympathetic afferents, have a significant
role in these forms of emesis as transection of these pathways enhances the
effects of vagotomy [43—46]. Although the splanchnic nerves mediate some of
the noxious-induced sensory information from the digestive tract, only electri-
cal stimulation of the vagus nerves [49, 50] activate retching and vomiting.
Emesis may be mediated by noxious stimulation of receptors in the abdomen
not projecting through the vagus or splanchnic nerves, as radiation-induced
emesis is blocked only after vagotomy and high dorsal column cordotomy [45].
Perhaps the physiological receptors involved in this non-splanchnic nerve but
spinal cord-mediated emetic response are those involved in emesis due to peri-
tonitis, because peritonitis-induced emesis is not blocked by vagus and splanch-
nic nerve section, but is blocked by spinal cord transection [28].

Neuropharmacology. Many studies have concluded that receptors for nox-
ious substance-induced emesis are located peripherally or centrally, but identi-
fying specific sites of drug action is difficult. Techniques to distinguish
between central and peripheral sites of action of agents include observing the
effects of agonists before and after afferent denervation, comparison of
responses to central versus peripheral administration of agonists or antagonist,
and comparison of the effects of peripherally versus centrally acting agonists or
antagonists. None of these techniques is without drawbacks.

Many pharmacological agents cross the blood-brain barrier slowly, there-
fore, at lower doses their effects are peripherally mediated, however, at higher
doses the response may be centrally mediated. Some emetic agonists, e.g.
CuSO,, act at the peripheral level when administered orally or intraluminally
at or below about 5 mg/kg, but at or above 15 mg/kg CuSO, also activates eme-
sis by stimulation of the CTZ [1, 2]. Many recent studies of CuSO,4-induced
emesis have used oral doses ranging from 10 to 25 mg/kg. Peripheral denerva-
tion is only effective when used with doses of agonists that act exclusively at
the peripheral level, but demonstration of this exclusiveness is rarely per-
formed. In addition, complete peripheral deafferentation is very difficult and
rarely performed as it requires spinal cord section [45]. The comparison of the
effects of peripherally versus centrally administered agonists or antagonists is
often difficult to interpret. One may inject an agent into the ventricular system
of the brain to bypass the blood-brain barrier or to preferentially stimulate cir-
cumventricular organs, but the agent may not readily diffuse to all parts of the
brain and the investigated receptors of the circumventricular organs may not
be readily accessible from the cerebral ventricles. All of the above problems
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have made the localization of the receptors mediating noxious stimulation-
induced emesis difficult.

The serotonergic receptors are perhaps the most studied of those mediat-
ing the noxious stimulation of the digestive tract. Serotonergic receptors have
been found at many levels of the digestive tract including the enteric nervous
system, interstitial cells of Cajal and the enteroendocrine cells [51]. The role of
each of these sources of serotonergic receptors in noxious stimulation of eme-
sis is unknown, but cyotoxin or CuSO, can induce the release of 5-HT from EC
cells of the digestive tract [40, 41].

The specific subtypes of serotonergic receptors involved in the emesis-
induced noxious stimulation of the digestive tract have been studied. Multiple
subtypes of serotonergic receptors have been found to mediate different forms
of noxious stimulation of emesis suggesting that different noxious agents or
forces may activate emesis through different mechanisms. The emesis activated
by oral administration of copper sulfate was inhibited [32] or blocked [31] by
5-HT, receptor antagonists, but not 5-HT; receptor antagonists [31, 32].
However, the dose of CuSO, (100 mg/kg) used in the study in which only inhi-
bition of emesis was observed was well above the threshold dose capable of
activating the CTZ [1]. Vagotomy blocked the effects of low dose CuSO, [1],
and vagal stimulation-induced emesis was not blocked by 5-HT; antagonist
[52]. These results suggested that low dose of CuSO, activated emesis through
a peripheral 5-HT, receptor on vagal afferents. CuSO, may also act at the CTZ
to activate emesis but the receptor mediating this action is unknown.

Cytotoxin- or radiation-induced emesis, which is mediated by visceral
afferents, is blocked by 5-HT; antagonists [40, 41, 43, 44], and emesis induced
by intravenous administration of 5-HT; agonist is significantly inhibited by
vagotomy and splanchnectomy [53, 54]. Therefore, evidence suggests that
peripheral 5-HT; receptors mediate radiation or cytotoxin-induced emesis. On
the other hand, digestive tract mechanical stimulation-induced emesis is not
blocked by 5-HTj; receptor antagonists [20], but the role of other digestive tract
serotonergic receptors in this response has not been investigated.

Conclusion. The stimulation of emesis by noxious stimuli may be medi-
ated by different types of physiological receptors located at different levels and
different regions of the digestive tract. Chemical stimulation of emesis may be
mediated by mucosal receptors of the upper digestive tract, mechanical stimu-
lation of emesis may be mediated by receptors of the mucosa and/or serosa of
the upper and lower digestive tract, and radiation- or cytotoxin-induced emesis
may be mediated by the release of 5-HT from EC cells of the distal small intes-
tine. The afferent pathways mediating different noxious emetic stimuli may be
similar and observed differences may be more related to the location of the
stimulus in the digestive tract rather than the type of noxious substance.
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Regardless, the vagus nerves are probably the major afferent pathway, but
spinal cord pathways may be facilitatory.

Chemoreceptor Trigger Zone

Borison and Brizzee [2] observed about 50 years ago that ablation of the
area postrema (AP) blocked the emetic effects of some agents administered
intravenously, but did not block the ability of the animal to vomit. They con-
cluded that the AP, which has no blood-brain barrier, contains the CTZ for vom-
iting and that the CTZ acted as a second line of defense, i.e. post-absorptive
defense, against the ingestion of a toxic or noxious substance.

The investigation of the role of the CTZ and AP in various forms of eme-
sis has resulted in numerous contradictory findings primarily because of tech-
nical differences. The AP lies adjacent to the primary vagal afferent nuclei
(nucleus tractus solitarius (NTS)), therefore ablation or stimulation of the AP is
difficult without affecting the NTS. In addition, anatomical studies have
revealed that some vagal afferents project through the AP en route to the NTS
[55, 56]. In addition, there may be species differences [55, 56] regarding the
separation of chemosensitive cells from brainstem-integrative neurons within
the AP such that separation of functions by ablative techniques is difficult or
impossible. Considering that the CTZ is a physiologically defined entity, the
only way to accurately determine the role of the CTZ is to confirm through
physiological techniques that the area destroyed or stimulated affected only the
CTZ and not the emetic control areas of the dorsal brainstem. Many studies of
the role of the CTZ have failed to confirm this distinction, and therefore, the
results of these studies are difficult to interpret. Therefore, while the AP may
contain the CTZ, it may also contain other pathways and neurons mediating
other forms of emesis.

Chemosensitivity. The AP is one of the circumventricular organs and it
contains many elements of neural tissue like neurons, nerve fibers and neu-
roglia, but the unique features of the AP are the lack of a blood-brain barrier
and the vascular sinusoids similar to chemoreceptive organs of the cardiovas-
cular system [55]. Numerous AP structures could act as chemosensors includ-
ing the microvilli and microvillous tufts of ependymal cells, tanocyte-like cells
of the ependyma which extend to the sinusoids, or the nerve endings in the
perivascular space of the sinusoids [55], but the specific role of each structure
is unknown.

Numerous neurotransmitters and neuroactive substances have been found
in the AP [56], but the role of most of these agents in mediating emesis is
unknown. Ablation of the CTZ (ablation of the AP which preserves the emetic
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response to veratrum alkaloids, CuSOy, naloxone, phenylbiguanide, vagal stim-
ulation, or motion sickness) blocked the emetic effects of angiotensin II, apo-
morphine, cisplatin, digitalis, epinephrine, histamine, levodopa, lobeline,
neurotensin, nicotine, xylazine, etc. [55, 56]. Considering that specific antago-
nists to these agents block emesis activated by these agents only, this effect may
be on the chemosensitive cells of the CTZ rather than on the neural elements of
the AP [55, 56]. Similarly, neurons of the AP [57, 58] respond to cholinergic,
adrenergic, GABA-ergic, opioid, serotonergic, histaminergic and numerous
peptidergic agents as well as hormones, but it is unknown which of these agents
are neurotransmitters of the AP and which are stimulants of the chemorecep-
tors. However, serotonin-binding sites have been found in the AP [59] and
injection of 5-HT; antagonist into the AP blocks cisplatin-induced emesis [60].
The serotonin-binding sites are dependent upon the vagal afferent input, sug-
gesting that these were on presynaptic vagal afferent terminals [59]. Although
the AP injection of antagonist may not have been limited to the AP, these results
suggest an important role for 5-HT; receptors of the AP mediating cytotoxin-
induced emesis.

The role of the CTZ or AP in radiation-induced emesis is controversial.
Almost all of the studies in cats have found that ablation of the CTZ does not
affect radiation-induced emesis [3, 61]. In these studies, it was confirmed that
the lesions of the AP affected only the CTZ-activated emesis. On the other
hand, all of the studies using dogs [46, 55, 56, 63] or monkeys [55, 56, 62] have
found that AP ablation blocked radiation-induced emesis. However, while in all
of these experiments the ablation of the CTZ was confirmed, the sparing of the
non-CTZ brainstem pathways was not confirmed. The only explanation consis-
tent with all studies is that the CTZ does not mediate radiation-induced emesis,
but that in the dog and monkey studies non-CTZ areas of the AP or adjacent
dorsal brainstem nuclei or fibers mediating radiation-induced emesis were
damaged by these AP lesions.

The mechanisms of cytotoxin- and radiation-induced emesis seem contra-
dictory. Both stimuli are mediated by the same receptive mechanisms (EC
cells), neurotransmitter (5-HT;) and afferent pathways (vagal and spinal), but
only cytotoxin-induced emesis is mediated by the CTZ. This difference may be
due to the ability of cytotoxins to stimulate the CTZ directly as does CuSO, or
technical differences. No studies of the role of the AP or CTZ in emesis inves-
tigated both cytotoxins and radiation in the same animals. Considering the sig-
nificant technical problems and differences associated with this type of
research, differences in techniques may explain the observed differences in
results.

Conclusion. The CTZ is a physiologically defined entity which provides
the second line of defense against noxious substances and is responsive to
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numerous endogenous and exogenous agents. The CTZ mediates cytotoxin- but
not radiation-induced emesis. The CTZ resides within the AP of the brain and
is structurally similar to the cardiovascular chemoreceptors. The AP may also
contain neural pathways independent of the CTZ, therefore, ablation studies of
the AP are difficult to interpret. Distinguishing between chemosensitive and
neurotransmitter receptors of the CTZ is difficult, but 5-HT; vagal presynaptic
receptors may comprise one of the neurotransmitter receptors of the CTZ medi-
ating vomiting.
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Serotonin (5-hydroxytryptamine, 5-HT) exerts its physiological effects on
a wide variety of receptor subtypes in the central and peripheral nervous
system, gastrointestinal tract, and other sites. The 5-HT; receptor as one
subtype belongs to the family of receptors directly coupled to membrane cation
channels, whereas all the other 5-HT receptor subtypes are G-protein-coupled
receptors. The 5-HT; receptor is located primarily pre- and postsynaptically on
neurons and its prime function is modulation of neuron excitability and neuro-
transmitter release.

5-HTj; receptor activation on central and peripheral autonomic sensory and
enteric neurons has shown that it mediates a rapid depolarizing response, asso-
ciated with an increase in membrane conductance consequent on the opening
of cation-selective channels [1]. Single cell studies employing intracellular
recording of 5-HT; receptor-mediated depolarization in several preparations
have indicated that an inflow of sodium and potassium ions contributes to the
response [2]. The channels are also permeable to divalent cations such as Ca?*
and Mg?*. Whereas the endogenous compound 5-HT itself excites all different
subtypes of 5-HT receptors, 2-methyl-5-HT and the amidine derivatives
I-phenylbiguanide and metachlorophenylbiguanide have relatively selective
affinity for the 5-HTj; receptor [3].

5-HT; Receptor Localization
5-HT; receptors are present especially in high density in the lower

brainstem, i.e. the dorsal vagal complex, nucleus of the solitary tract, spinal
trigeminal nucleus and around the area postrema, extending to the dorsal horn



of the spinal cord [4]. Several other brain areas like the cerebral cortex and lim-
bic regions have a lower density of 5-HT; receptors. In the peripheral nervous
system 5-HT; receptors occur on nociceptive sensory neurons, on autonomic
and enteric neurons, on which 5-HT exerts a strong excitatory effect [3, 5]. It
remains an interesting observation that no 5-HT; receptor mRNA was detected
in the area postrema/nucleus tractus solitarius, the area of highest 5-HT; recep-
tor density. This suggests a presynaptic location of 5-HT; receptors on periph-
eral, i.e. vagal afferent modulating transmitter release from these neurons [5, 6].
With regard to the emetic reflex, 5-HT receptors are located pre- and post-
synaptically at peripheral and central terminals of vagal and other visceral
afferents, in the emetic reflex center, the chemoreceptor trigger zone in the area
postrema as well as on efferent pathways [7]. They are mainly involved in
inducing nausea and emesis by chemotherapeutic agents, X-irradiation, chem-
ical or mechanical gastrointestinal irritation.

In addition to the vagal afferent 5-HT; receptors, the presence of 5-HT
autoreceptors on chromaffin cells has been demonstrated. The enterochromaf-
fin cell 5-HTj; receptor is a low affinity site that responds to high levels of
5-HT, such as those which occur following highly emetogenic antineoplastic
therapy. This then results in increasing surges of 5-HT, in what amounts to
a positive feedback loop that further contributes to the pathophysiology of
emesis [8, 9].

Specific 5-HT; Receptor Antagonists

From a historical view the use of 5-HT; receptor antagonists as antiemet-
ics is due largely to the use of metoclopramide. There was evidence that the
efficacy of high-dose metoclopramide might be due to an additional action
beside the well-known D, receptor blocking action, and it was revealed that the
compound has also antagonistic properties at the 5-HT; receptor. The new
developed selective 5-HT; antagonists displayed a much higher affinity for
5-HT; receptors (pA, values between 9.8 and 10.7) and a great selectivity [2].
The affinity for other 5-HT receptors, as well as for other transmitter receptors,
is at least several hundred times less or even lacking. Within the 5-HT system,
granisetron and ondansetron display weak agonistic activity at the 5-HT, recep-
tor, whereas tropisetron is a weak antagonist; these effects most probably play
no significant role in their antiemetic activity.

Whereas the depolarizing effect of 5-HT; receptor stimulation induces
neuronal firing and enhances neurotransmitter release, the 5-HT; antagonists
can attenuate neuronal excitation and moderate transmitter release. These activ-
ities may relate to their attenuation of emetic responses [5]. The clinically used
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Fig. 1. Clinically used 5-HT; antagonists. Structures derived from indole (tropisetron,
dolasetron), carbazole (ondansetron) and indazole (granisetron).

specific 5-HT; antagonists include ondansetron, granisetron, tropisetron, and
dolasetron.

The structures are derived from indole (tropisetron, dolasetron), carbazole
(ondansetron), and indazole (granisetron) rings (fig. 1). From the use of several
in vitro models it became clear that, with the possible exception of ondansetron,
5-HT; antagonists may attenuate the effects of 5-HT through competitive and
non-competitive mechanisms. Whereas the receptor blockade induced by
tropisetron, granisetron and dolasetron cannot be reversed even at high 5-HT
concentrations, the effect of ondansetron can be abolished by high 5-HT con-
centrations [9]. Due to the fact of a partly insurmountable non-competitive
antagonism and possibly due to high receptor affinity by these compounds
their activity in vivo lasts much longer than their plasma concentration would
indicate (see also table 5).

Site of the Antiemetic Action of 5-HT; Receptor Antagonists

5-HT hypothesis in chemotherapy- and radiotherapy-induced emesis:
Whereas there is an agreement that 5-HT plays an important role in nausea and
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vomiting induced by chemotherapeutic agents, the site of involvement is still
unresolved. Most of the 5-HT in humans (and mammals in general) is present
in the gastrointestinal tract within the enterochromaffin cells. 5-HT secretion
from enterochromaffin cells is controlled by a complex pattern of receptor-
mediated mechanisms [10]. Upon administration of highly emetogenic agents
like cisplatin there is possibly a release of gastrointestinal 5-HT from the entero-
chromaffin cells by exocytosis. This has been documented by biochemical and
histological changes in the intestine and by increases in the mucosa levels of
5-HT and its metabolite 5-hydroxyindolacetic acid (5-HIAA). The 5-HT
metabolite can also be found elevated in plasma and there is an increased
urinary excretion of 5-HIAA detected after high dose cisplatin [11].

The increased turnover of gastrointestinal 5-HT would then activate 5-HT;
receptors on visceral afferent fibers, increasing the afferent input to the brain
and stimulating the CTZ and the vomiting center. It was discussed as unlikely
that the 5-HT released from the gut mucosa into the systemic circulation being
involved in the direct activation of the area postrema, because most of the 5-HT
is taken up in platelets or is metabolized during the passage through the liver.
In addition, intravenous 5-HT fails to induce emesis. Possibly the release of
5-HT by chemotherapeutic agents has certain specific dynamics, because a
‘regular’ release during the carcinoid syndrome does not induce emesis. It is
also likely that the peripheral 5-HT release evoked by chemotherapeutic agents
is accompanied by a local neuronal release of 5-HT in the region of the area
postrema. This synergistic action triggers the emetic reflex [12, 13].

Irrespective of the exact mode of action, clearly chemotherapeutic drugs
and/or irradiation activate central and vagal afferent nerve fibers, increasing the
input to the CTZ and the vomiting center, and 5-HT}; receptors stimulation is
responsible for this. Blockade of central and peripheral 5-HT; receptors
suppresses nausea and emesis [14]. It has also become clear that the selective
5-HT; antagonists are much more effective against certain types of emesis than
against others. They are far superior against vomiting associated with
chemotherapy and radiation therapy, whereas they are not effective against
motion sickness, or against delayed emesis [15, 16].

In general, there is still conflicting evidence whether peripheral or central
sites of action, or both, are implicated in the 5-HT; antagonists antiemetic
action. Animal studies employing direct injection of 5-HT; antagonists into
the area postrema or fourth ventricle showed inhibition of cisplatin-induced
emesis. Based on the above presented 5-HT hypothesis, an activation or sensiti-
zation of abdominal vagal afferents known to terminate in close proximity to
enterochromaffin cells plays an important role in chemotherapy-induced emesis.
In addition to the 5-HTj; receptor, other 5-HT receptors could also be involved.
The 5-HTj; antagonists would block the peripheral activation of vagal afferents.
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There is a consensus that the 5-HT; antagonists block the emetic reflex arc
on different specific locations [14, 17]: (1) by blocking the 5-HT autoreceptors
on the enterochromaffin cells they prevent excessive release of 5-HT; (2) by
presynaptic vagal 5-HT; receptor blockade they prevent the initiation of an
afferent emetic signal; (3) they prevent the transmission and integration of
emetic signals within the central relay nuclei of the vagus nerve and the vomit-
ing reflex center, and (4) they block the 5-HTj; receptors in the chemoreceptor
trigger zone.

These various sites of antiemetic actions of 5-HT; antagonists have been
elucidated by selective local central application of the drugs, by vagotomy, and
by the use of compounds with an inability to cross the blood-brain barrier. The
concept from the available data would include a peripheral and a central site
of antiemetic action of these compounds. The multifactorial nature of the
chemotherapy-induced emesis necessitates in severe cases a combination
antiemetic therapy (see also following chapters).

Clinical Utility of 5-HT; Antagonists

Ondansetron and the other related compounds are used as antiemetic drugs
particularly for controlling the severe nausea and vomiting that occurs with
many forms of cancer chemotherapy within the first 24 h following treatment
[18-21]. A line of clinical investigations has demonstrated that 5-HT; antago-
nists are superior to metoclopramide in the treatment of acute emesis in
response to severely emetogenic cancer chemotherapy [5, 14, 22]. They repre-
sent the most efficacious drugs for the prevention of acute emesis induced by
highly emetogenic chemotherapy and by moderately emetogenic chemotherapy
(tables 1-4). In a series of open trials and double-blind clinical studies,
response rates in highly emetogenic chemotherapy have been determined to be
in the range of 45-60%, in moderately emetogenic chemotherapy in the range
of 65-80% [23, 24]. Response rates vary with the number of risk factors
for developing chemotherapy-induced nausea and vomiting, and with the eme-
togenic potential of the chemotherapeutic agents. Usually, response rates can be
improved by the addition of dexamethasone to the antiemetic treatment [25]. In
the same way, acute nausea and retches are responsive to prophylaxis with 5-HT;
antagonists. Their use is already standard preventive care in cancer chemother-
apy, in many instances in combination with highly potent glucocorticoids such
as dexamethasone. Anticipatory and delayed emesis occurring 1 or more days
after cancer chemotherapy is less effectively relieved by this class of drugs.

5-HT; antagonists have not only a documented utility in preventing
cancer chemotherapy-induced emesis, they also display efficacy in radiation
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Table 1. Ondansetron

Indications Recommended dosage Recommended dosage
(adults) (children)
Highly 3 X 8mg i.v. or 4-18 years:
emetogenic 3 X 0.15mg/kg i.v.; 5mg/m? or
chemotherapy' first dose of 8 mg given 0.15mg/kg i.v., repeated
before chemotherapy; after 4 and 8 h, or 2 X 4mg
max. daily dose 32 mg; p.o. for up to 5 days
treatment for 2-5 days
Moderately emetogenic ~ 2-3 X 8 mg i.v. first day; 4-11 years:
chemotherapy! or 8 mg i.v. followed by 8 mg 3 X 4mg/day p.o.
p.o. every 8h; 12 years up:
treatment for up to 2-5 days 2 X 8 mg/day p.o.
Radiation-induced 2 X 8mg p.o./day; 4-11 years:
nausea and emesis first dose 1-2 h before radiation; 3 X 4mg/day p.o.
treatment for up to 3—5 days 12 years up:
2 X 8mg/day p.o.
Prevention of PONV 4-8mg i.v. before 2-12 years:
anesthesia or 16 mg p.o. 0.1 mg/kg i.v./i.m., max.
before anesthesia dose 4mg

12 years up: 4 mg i.v.
Existing PONV 4mg i.v./im. 0.1 mg/kg i.v./im.,
max. dose 4 mg

Patients with significant disturbance of liver function: maximum daily dose of 8mg;
impaired renal function: no dose adjustment necessary.

Note: All intravenous applications are given as short infusions (15 min) or as injections last-
ing more than 30s; alternatively, continuous infusions with the indicated doses can be given.

'Response rate can be improved by the combination with dexamethasone, 10-20mg i.v.
prior to chemotherapy.

therapy-induced nausea and postoperative nausea. Specifically, ondansetron
has shown good efficacy in the prevention of acute nausea and vomiting in
children receiving moderately or highly emetogenic chemotherapy and/or irra-
diation, particularly when combined with dexamethasone. It is also an effective
first-line antiemetic in children undergoing surgery [18].

Pharmacokinetic Data and Possible Side Effects

The basic pharmacokinetic data of the available compounds are given
in table 5. The properties of all four compounds are very similar, clinically
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Table 2. Granisetron

Indications Recommended dosage Recommended dosage
(adults) (children)

Highly emetogenic 1-3 X 3mg i.v. first dose given 1 X 40 pg/kg i.v.;

chemotherapy' before chemotherapy; max. 3 mg;

Moderately emetogenic
chemotherapy'

Radiation-induced
nausea and emesis

Prevention of PONV
Existing PONV

max. 9mg/day (1 X 10 pg/kg i.v.: USA)

1-3 X 3mgiv.orl X 2or
2 X 1mg/day p.o. treatment up to
5 days (1 X 10 pg/kg i.v.: USA)

1 X 2 or 2 X 1 mg/day p.o.
treatment up to 5 days

1 X 1-3mg i.v.
1-3mg i.v.

one additional oral dose of
40 pg/kg within 24 h

1 X 40 pg/kg i.v.;

max. 3 mg;

one additional oral dose of
40 wg/kg within 24 h

Impaired liver or renal function: no dose adjustment necessary.

Note: All intravenous applications are given as short infusions (15 min) or as injections lasting more than
30s; alternatively, continuous infusions with the indicated doses can be given.

'Response rate can be improved by the combination with dexamethasone, 10-20mg i.v. prior to

chemotherapy.
Table 3. Tropisetron
Indications Recommended dosage Recommended dosage
(adults) (children)
Highly emetogenic Day 1: 1 X 5mgi.v. Day 1: 0.2 mg/kg i.v.,, max. 5mg
chemotherapy' Days 2-5: 1 X 5mg p.o. Days 2-5: 0.2 mg/kg p.o.

Moderately emetogenic Day 1: 1 X 5mgi.v.

chemotherapy' Days 2-5: 1 X 5mg p.o.
Radiation-induced Day 1: 1 X 5mgi.v.
nausea and emesis Days 2-5: 1 X 5mg p.o.
Prevention of PONV 2mg i.v.

Existing PONV 2mgi.v.

Day 1: 0.2mg/kg i.v.,, max. 5mg
Days 2-5: 0.2 mg/kg p.o.

Impaired liver or renal function: no dose adjustment necessary.

Note: All intravenous applications are given as short infusions (15min) or as injections
lasting more than 30 s; alternatively, continuous infusions with the indicated doses can be given.

'Response rate can be improved by the combination with dexamethasone, 10-20mg i.v.
prior to chemotherapy.
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Table 4. Dolasetron

Indications Recommended dosage Recommended dosage
(adults) (children)

Highly emetogenic 1 X 1.8-2.4mg/kg i.v. or 2-16 years:

chemotherapy' 1 X 100 mg i.v.; treatment 1 X 1.8 mg/kg i.v. or p.o.,
for up to 4 days max. 100 mg

Moderately emetogenic 1 X 1.8-2.4mg/kg i.v. or 2-16 years:

chemotherapy! 1 X 100mg i.v. or 1 X 200mg 1 X 1.8 mg/kg i.v. or p.o.,
p.o.; treatment for up to 4 days max. 100 mg

Radiation-induced - -
nausea and emesis

Prevention of PONV 12.5mg i.v. or 50 mg p.o. -
Existing PONV 12.5mg i.v. -

Impaired liver or renal function: no dose adjustment necessary.

Note: All intravenous applications are given as short infusions (15 min) or as injections last-
ing more than 30s; alternatively, continuous infusions with the indicated doses can be given.

'Response rate can be improved by the combination with dexamethasone, 10-20mg i.v.
prior to chemotherapy.

Table 5. Pharmacokinetic data of clinically used 5-HT; receptor antagonists

Compound Oral bioavailability Plasma half-life, Duration of action,
% h h
Ondansetron 60 3-5 12 (24)
Granisetron 60 5-9 24
Tropisetron 60-100 7-9 24
Dolasetron 70-90 5- 24
(active metabolite
hydrodolasetron)

relevant differences exist mainly between the half-lives [9]. Dolasetron also has
a particular characteristic insofar as it is a prodrug that has to be converted
in vivo to its active metabolite hydrodolasetron before exerting its effects.
Early clinical studies of dosage regimens took into consideration these
differences in half-life; thus, ondansetron was initially administered 3 times
daily compared with once daily for the other 5-HT; antagonists. It has now been
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demonstrated that ondansetron, as well as the other compounds, can be effec-
tively administered once daily and that antiemetic efficacy persists long after one
or two plasma half-lives. This indicates that interactions at the receptor level, not
plasma pharmacokinetics, are the most important criteria for defining efficacy.

The compounds are readily absorbed after oral administration; the blood-
brain barrier is easily crossed. After intravenous injection the antiemetic effect
is observed within a few minutes. The drugs are almost completely metabolized
in the liver by different subtypes of the cytochrome P45, (CYP) enzyme system
and the metabolites are excreted by the renal or biliary route. Ondansetron
and granisetron are metabolized by CYP3A, tropisetron and dolasetron by
CYP2D6. Although due to genetic variability in a low percentage of the popu-
lation the elimination rates of tropisetron and dolasetron are slowed, a dose
adjustment is not necessary in these patients. Usually at standard doses there is
no need for dosage adjustment in impaired renal function. For ondansetron, in
patients with significant disturbances of liver functions, a maximum daily dose
of 8 mg is recommended.

Since the compounds exhibit only moderately plasma protein binding, no
interactions due to displacement from the binding site are to be expected. There
are also no relevant interactions to be expected by cytochrome P,5, enzyme
inducers or inhibitors.

Their great advantage is the lack of unwanted sedative, extrapyramidal or
cardiovascular side effects as seen with other antiemetics, notably with
dopamine D, receptor antagonists or histamine H; receptor antagonists [8, 14].
5-HT; receptor antagonists fail to cause any overt changes in the behavior of
animals and humans. The administration of millions of doses of ondansetron and
the other antagonists has been without behavioral effect in the cancer patient or
postoperatively. Recently it has however been proposed that they might have an
anxiolytic profile of action which is a matter of investigation per se.

Headache is a rather frequent confirmed side effect, and lightheadedness or
dizziness may occur. Since 5-HT; receptor activity might control intestinal propul-
sive peristalsis and fluid secretion [26—28], ondansetron and the other antagonists
in high dosage can slow down intestinal transit and lead to constipation; rarely
abdominal pain or cramping is observed. Discrete, clinically insignificant changes
in cardiac conduction have been reported. Elevations of hepatic transaminases are
mostly due to the chemotherapy and not due to the 5-HT; antagonists.

Conclusion

5-HT; receptor antagonists are highly effective and well-tolerated agents.
All drugs can be administered as a single dose or in a short-term dosage
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regimen. The review of publications, which have compared the efficacy of the
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able compounds, has yielded no important differences in clinical outcomes

References

Derkach V, Surprenant A, North RA: 5-HT; receptors are membrane ion channels. Nature 1989;
339:706-709.

Jackson MB, Yakel JL: The 5-HTj; receptor channel. Annu Rev Physiol 1995;57:447—468.

Hoyer D, Clarke DE, Fozard JR, Hartig PR, Martin GR, Mylecharane EJ, Saxena PR,
Humphrey PPA: VIIth International Union of Pharmacology classification of receptors for
S-hydroxytryptamine (serotonin). Pharmacol Rev 1994;46:157-203.

Costall B, Naylor RJ: Neuropharmacology of 5-HT; receptor ligands; in Baumgarten HG,
Gothert M (eds): Handb Exp Pharm. Berlin, Springer, 1997, vol 129, pp 409-438.

Kilpatrick GJ, Bunce KT, Tyers MB: 5-HTj; receptors. Med Res Rev 1990;10:441-475.

Boess FG, Martin IL: Molecular biology of 5-HT receptors. Neuropharmacology 1994;33:
275-317.

Hasler WL: Serotonin receptor physiology. Relation to emesis. Dig Dis Sci 1999;44(suppl):
108-113.

Perez EA: A risk-benefit assessment of serotonin 5-HT; receptor antagonists in antineoplastic
therapy-induced emesis. Drug Saf 1998;18:43-56.

Wolf H: Preclinical and clinical pharmacology of the 5-HT; receptor antagonists. Scand
J Rheumatol 2000;29(suppl 113):37-45.

Racké K, Reimann A, Schworer H, Kilbinger H: Regulation of 5-HT release from enterochro-
maffin cells. Behav Brain Res 1996;73:83-87.

Barnes NM, Ge J, Jones WG, Naylor RJ, Rudd JA: Cisplatin-induced emesis: Preliminary results
indicative of changes in plasma levels of 5-hydroxytryptamine. Br J Cancer 1990;62:862—864.
Waldvogel HH, Aapro MS, Beubler E, Schneck H, Widmer W, Wilder-Smith C, Wilder-Smith
OHG: Antiemetische Therapie — Nausea und Emesis. Stuttgart, Thieme, 1995.

Veyrat-Follet C, Farinotti R, Palmer JL: Physiology of chemotherapy-induced emesis and
antiemetic therapy. Predictive models for evaluation of new compounds. Drugs 1997;53:206-234.
Hesketh PJ, Gandara DR: Serotonin antagonists: A new class of antiemetic agents. J Natl Cancer
Inst 1991;83:613-620.

Gregory RE, Ettinger DS: 5-HT; receptor antagonists for the prevention of chemotherapy-induced
nausea and vomiting. Drugs 1998;55:173-189.

Kovac AL: Prevention and treatment of postoperative nausea and vomiting. Drugs 2000;59:
213-243.

Freeman AJ, Cunningham KT, Tyers MB: Selectivity of 5-HT; receptor antagonists and
anti-emetic mechanisms of action. Anticancer Drugs 1992;3:79-85.

Culy CR, Bhana N, Plosker GL: Ondansetron: A review of its use as an antiemetic in children.
Paediatr Drugs 2001;3:441-478.

Balfour JA, Goa KL: Dolasetron. A review of its pharmacology and therapeutic potential in the
management of nausea and vomiting induced by chemotherapy, radiotherapy or surgery. Drugs
1997;54:273-298.

Hesketh PJ: Comparative review of 5-HT; receptor antagonists in the treatment of acute
chemotherapy-induced nausea and vomiting. Cancer Invest 2000;18:163—173.

Simpson K, Spencer CM, McClellan KJ: Tropisetron. An update of its use in the prevention of
chemotherapy-induced nausea and vomiting. Drugs 2000;59:1297-1315.

Marty M, Pouillart P, Scholl S, Droz JP, Azab M, Brion N, Pujade-Lauraine E, Paule B, Paes D,
Bons J: Comparison of the 5-hydroxytryptamine-3 (serotonin) antagonist ondansetron (GR
38032F) with high-dose metoclopramide in the control of cisplatin-induced emesis. N Engl ] Med
1990;322:816-821.

5-HT; Receptor Antagonists 31



23

24

25

26

27

28

29

Roila F, Ballatori E, Tonato M, Del Favero A: 5-HT; receptor antagonists: Differences and
similarities. Eur J Cancer 1997;33:1364—-1370.

Walton SM: Advances in use of the 5-HT; receptor antagonists. Exp Opin Pharmacother
2000;1:207-223.

Roila F and The Italian Group for Antiemetic Research: Dexamethasone alone or in combination
with ondansetron for the prevention of delayed nausea and vomiting induced by chemotherapy.
N Engl J Med 2000;342:1554—1559.

Beubler E, Horina G: 5-HT, and 5-HT; receptor subtypes mediate cholera toxin-induced intesti-
nal fluid secretion in the rat. Gastroenterology 1990;99:83—89.

Beubler E, Schirgi-Degen A, Gamse R: Inhibition of 5-hydroxytryptamine- and enterotoxin-
induced fluid secretion by 5-HT receptor antagonists in the rat jejunum. Eur J Pharmacol 1993;
248:157-162.

Haga K, Asano K, Fukuda T, Kobayakawa T: The function of 5-HT; receptors on colonic transit
in rats. Obes Res 1995;3(suppl 5):801-810.

Morrow GR, Hickok JT, Rosenthal SN: Progress in reducing nausea and emesis. Comparisons of
ondansetron (Zofran), granisetron (Kytril) and tropisetron (Navoban). Cancer 1995;76:343-357.

Prof. Dr. Josef Donnerer

Institut fiir Experimentelle und Klinische Pharmakologie
Karl-Franzens-Universitit Graz, Universitétsplatz 4, A—8010 Graz (Austria)

Tel. +43 316 3804509, Fax +43 316 3809645, E-Mail josef.donnerer@uni-graz.at

Donnerer/Beubler 32



Donnerer J (ed): Antiemetic Therapy.
Basel, Karger, 2003, pp 33-77

@cceccccccccccccccccccc e

The Site of the Antiemetic Action of
NK,; Receptor Antagonists

Hiroyuki Fukuda™®, Tomoshige Koga®, Naohiro Furukawa?,
Emi Nakamura®, Mizue Hatano®, Mamoru Yanagihara®

aDepartment of Physiology, Kawasaki Medical School; "Department of Clinical
Nutrition, Kawasaki University of Medical Welfare; “Department of Restorative
Science, Kawasaki University of Medical Welfare; “Junior College, Okayama
Prefectural University, Kurashiki, Japan

Introduction

Tachykinin NK, receptor antagonists have been shown to suppress vomit-
ing caused by various emetic stimuli, i.e., cisplatin [1-7], radiation [1-3, 5],
copper sulfate [1-3, 7], ipecacuanha [1-3, 7], morphine [1-3], apomorphine
[7, 8], loperamide [7] and motion [9, 10]. Tattersall et al. [6] compared the
antiemetic effects of an NK, receptor antagonist, L-741,671, which can perme-
ate into the brain, and its quaternary compound, L-743,310, which cannot, and
demonstrated that the intravenous administration of L-741,671 produces dose-
dependent inhibition of retching and vomiting induced by cisplatin, while
L-743,310 is inactive, and that both drugs have equivalent activity when
injected centrally. These results clearly indicate that NK,; receptor antagonists
act centrally and produce antiemetic activity. However, the precise site of the
antiemetic effects had not been identified when we studied this subject in 1999.
We found the site on the neuronal pathway (fig. 1) that was presumed to be
involved in the induction of vomiting based on our electrophysiological results.
Therefore, we first explain the neuronal pathway for convenience of explana-
tion of the site of antiemetic action of NK, receptor antagonists.

The Neuronal Circuit for the Induction of Vomiting

Borison and Wang [11] first demonstrated that stimulation of the solitary
tract and nucleus and the dorsolateral border of the lateral reticular formation
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Fig. 1. The reflex arc for vomiting caused by the activity of abdominal vagal afferents.
Schematic representation of the dorsal view of the canine medulla oblongata. CPG = The
central pattern generator for vomiting motion; cVRG = inspiratory and expiratory premoto-
neurons in the caudal part of the ventral respiratory group area; E = CPG neurons that
exhibit a firing pattern similar to the vomiting activity of the abdominal muscle nerve;
I = CPG neurons that produce a firing pattern that resembles the vomiting activity of
the phrenic nerve; mNTS = the medial solitary nucleus; m = muscle; n = nerve. These
explanations and abbreviations also apply to the following figures.

(the area ventrolaterally adjacent to the solitary complex) induced vomiting in
decerebrate cats. Subsequently, they attempted to make chronic lesions in the
corresponding reticular area by implantation of glass and/or gold beads con-
taining radioactive radon in 11 dogs, and demonstrated that retching and vom-
iting responses to apomorphine and copper sulfate were attenuated in 5 dogs
and disappeared in 2 dogs [12, 13]. Based on these results, they postulated that
the ‘vomiting center’ that coordinates other neural tissues to produce compli-
cated emetic activities exists in the medullar area. Their concept of the vomit-
ing center is still referred to in many recent textbooks. Miller and Wilson [14]
elicited vomiting responses by stimulating the solitary tract and reticular for-
mation in decerebrate cats. However, they could not identify the limited area in
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which stimulation produces reproducible vomiting responses, and concluded
that neurons involved in the control of vomiting are diffusely distributed in the
effective region described by Borison and Wang [11].

We were enticed by such confusion and started experiments to define the
central neuronal circuit that produced vomiting. Before we determined the site
of the antiemetic action of NK receptor antagonists, we assumed that vomiting
caused by afferent activities of abdominal vagal fibers is induced through the
pathway shown schematically in figure 1. While each part of the scheme will
be precisely explained below, a brief explanation may be useful for under-
standing the complicated experiments. Abdominal vagal afferents activate the
second-order neurons in the medial solitary nucleus (mNTS). Outputs of mNTS
neurons are mediated through their direct and/or indirect projections to the
reticular area dorsomedial to the retrofacial nucleus (RFN) and activate non-
respiratory reticular neurons comprising the central pattern generator (CPG) for
vomiting motions. The CPG neurons generate temporal neuronal activity pat-
terns of rhythmic retching and expulsive motions of the inspiratory and expira-
tory muscles. The vomiting activity patterns of the CPG neurons activate
phrenic and abdominal muscle motoneurons via respiratory premotoneurons in
the caudal medulla, and finally produce vomiting motions.

Stimulation Experiments to Elucidate Bulbar Areas Involved

in the Induction of Vomiting

At first, we systematically stimulated the medulla oblongata in decerebrate
paralyzed dogs [15]. Efferent discharges from the phrenic branch of the fifth
cervical nerve and an abdominal muscle branch of the first lumbar nerve were
simultaneously recorded in all dogs. Discharge patterns of both nerves in
response to bulbar stimulation were compared with the characteristic patterns
in fictive vomiting induced by stimulation of abdominal vagal afferents, and
fictive retching and expulsion were recognized in accordance with the defini-
tions proposed by Miller et al. [16] (see schematic representation in figure 2).
To confirm this recognition, firing patterns were also observed in efferent dis-
charges recorded from the phrenic branches to the hiatal and dorm parts of the
diaphragm, the recurrent nerve branches to the adductors and abductor of the
glottis, the vagal esophageal branch and the trigeminal branch to the digastrics
in some dogs, as shown in figure 3.

Electrical stimulation at 175 of 2,092 points in the medulla oblongata of
23 dogs produced fictive retching responses, and fictive expulsion occurred as
the final episode of retching at 42 of the 175 points. Retching responses were
reproducibly produced by stimulation at an effective point in a dog, and by
stimulation of the corresponding medullar area in other dogs (fig. 4). The effec-
tive points in figure 4 showed that vomiting could be produced by stimulation
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Fig. 2. Vomiting activity patterns of the phrenic and abdominal muscle nerves. The
centrifugal activities recorded from both nerves are represented as frequency histograms
with 100-ms bins. The terms emesis, vomiting, prodromal phase, retching (phase) and expul-
sion are used in this chapter to express the phases of emesis as shown. Expulsion consists
of the first and second phases. Both phrenic and abdominal muscle nerves discharge during
the first phase, but only abdominal muscle nerves discharge during the second phase. 1 and
2 represent the first and second phase of expulsion respectively.

of the intrabulbar bundle of vagal afferent fibers, solitary tract, medial and
commissural parts of the solitary nucleus, the area postrema and the reticular
areas between the caudal parts of the solitary complex and nucleus ambiguus.
Except for the intrabulbar bundle, all of these effective regions may be consis-
tent with the effective areas reported by Borison and Wang [11], Ikeda and
Yamanaka [17], Iwase et al. [18] and Miller and Wilson [14]. However, the hor-
izontal columnar area of the ventrolateral reticular formation adjacent medially
to the semicompact part of the nucleus ambiguus and dorsomedially to the RFN
had not been reported. Thus, we performed partial knife-cutting of the medulla
oblongata to clarify the role of the reticular area in 10 dogs.

Lesions Made to Elucidate the Participation of the Reticular Area

Adjacent to the RFN in the Induction of Vomiting

In these dogs, a fictive retching response was produced by stimulation of
the solitary complex at the point indicated by S1 or S2 in figure 5 [15]. The
responses persisted after a hemisection of the right half of the bulb was manu-
ally made first at the level indicated by a thick horizontal line in figure 5 in all
dogs. Several transverse cuts of the left half of the rostral medulla were then
performed in each dog, and the most caudal cut after which retching response
still persisted is represented by a thin horizontal line. The most rostral section
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Fig. 3. Discharge patterns exhibited during retching by the muscle nerves indicated.
a Retching induced by stimulation of abdominal vagal afferents. b Retching and expulsion
induced by stimulation of the medial solitary nucleus. ¢ Retching induced by stimulation of
the reticular area adjacent to the retrofacial nucleus (RFN). Traces of the indicated lengths
of time were omitted at the interrupted regions. br = Branch.
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Fig. 4. Bulbar structures in which stimulation elicited retching and vomiting.
a;—i; Each sketch shows the results of systematic stimulation performed at 9 different levels
in the bulb with pulses of 10 Hz, 0.2 mA, and 0.5 ms duration. The levels are indicated by the
distance from the obex. Filled circles and triangles: points at which retching was induced
during stimulation. Open circles and triangles: points at which retching was induced just after
stimulation was stopped. Dots: points at which stimulation did not elicit retching. a,—i, The
sum of the results in 17 dogs. 5ST = Spinal trigeminal tract; 10n = vagus nerve; 12N =
hypoglossal nucleus; 12n = hypoglossal nerve; AP = area postrema; CN = cochlear
nucleus; DMV = dorsal motor nucleus of the vagus; FN = facial nucleus; IO = inferior
olive; LR = lateral reticular nucleus; P = pyramidal tract; PH = nucleus prepositus
hypoglossi; RG = restiform body; SA = stria medullaris; RFN = retrofacial nucleus; SM =
medial solitary nucleus; ST = solitary tract.
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Fig. 5. Locations of transverse cuts performed in 10 dogs. The horizontal line on the
right side represents the average position of the hemisection first performed in each dog. The
continuous lines on the left side indicate the position of the most caudal cut in each dog after
which retching and vomiting responses to stimulation of the caudal part of the solitary com-
plex (S1, S2) still appeared. The broken lines on the left side show the position of the most
rostral cut in each dog after which the retching and vomiting responses disappeared. CP =
cerebella peduncle; O = obex; SA = stria medullaris.

after which the response disappeared is shown by a broken line. Histological
observation of these bulbar preparations revealed that the bulbar levels indi-
cated by the thin and broken lines correspond, respectively, to the caudal end of
the facial nucleus and the caudal portion of the RFN. Miller et al. [19] made
similar transections in the bulb of 4 cats and reported consistent results.

The results of these cutting and stimulation experiments suggest that the
reticular area dorsomedially adjacent to the RFN plays some essential role(s) in
the induction of vomiting. To confirm this supposition, we made electrical
lesions in the neural tissue on the left side in 6 dogs in which we had first sec-
tioned the right bulb and then chemically destroyed neuronal cell bodies in the
area by a microinjection of kainic acid (4.7 mmol/l, 0.5 or 1.0 pl) in 5 dogs [20].
These lesions eliminated the fictive retching in response to vagal stimulation in
all of the dogs. Similarly, Miller et al. [19] reported that the fictive vomiting
in response to emetics was abolished by large bilateral injections of kainic acid
in bulbar areas including the RFN in 2 cats. However, precise delimitation of the
extent of these lesions was difficult. Therefore, we used pontamine sky blue,
which stains neurons and acts as an excitatory neurotoxin [pers. unpubl. results],
to produce lesions in the bulbar area.
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Pontamine sky blue (20-30 mg/ml, 0.5 or 1.0 nl) was injected into the area
on the left side in 9 dogs in which the right bulb was first severed. The retching
response to stimulation of abdominal vagal afferents disappeared in all but 1 dog
[pers. unpubl. results]. In 8 dogs, the areas stained by the injections commonly
covered a medullar area including the RFN and the reticular area dorsally adja-
cent to the nucleus, as shown by the shaded area in figure 6. In the other dog,
a retching response appeared throughout the observation period for 65 min after
the injection. The stained area in this case (indicated by the No. 608 in figure 6)
did not fully cover the common reticular area, but almost completely covered the
RFN included in the common area. The results in one dog (No. 602) are shown
in figure 7. The retching in response to vagal stimulation disappeared within
Smin after injection of the dye (0.5 ul) (fig. 7b), and the frequency of inspira-
tory discharges of the phrenic nerve and a facilitating response in salivation from
the submandibular gland was attenuated at 12 min after injection (fig. 7c). These
results suggest that an essential neuronal element for the induction of vomiting
exists in the reticular part dorsomedial to the RNF, and that this essential element
is adjacent to the neuronal tissue involved in salivation in the prodromal phase
of vomiting. We next observed neuronal activity in this essential area to eluci-
date the role of neurons in this area in the induction of vomiting.

Recording of Neuronal Firings to Define Emetic Roles of

Neurons in the Reticular Area Adjacent to the REN

We explored neurons that responded to pulse-train vagal stimulation in the
RFN area using a glass microelectrode filled with 3% pontamine sky blue, and
detected unitary firings as shown in figure 8b [21]. The mean latency
(387.4ms) of the responses of 78 non-respiratory neurons to pulse-train vagal
stimulation was longer than that (306.5ms, n = 40) of neurons in the mNTS
[22]. When 10-Hz vagal stimulation was applied to induce retching, 30 of the
78 non-respiratory neurons exhibited firing patterns similar to that in the exam-
ple shown in figure 8a. The firing of these neurons gradually increased during
the prodromal phase of vomiting. When the firing frequency reached a thresh-
old, rhythmic bursts occurred synchronously with retching bursts of the phrenic
and abdominal muscle nerves (synchronous high-frequency firing type,
SH type). Nineteen of the 78 neurons similarly produced bursts of high-
frequency discharges during retching. However, in contrast to the SH-type, the
bursts occurred between retching bursts of the phrenic and abdominal muscle
nerves (BH-type). The recording sites of these non-respiratory neurons were
marked by an electrophoretic injection of pontamine sky blue. These sites were
located near the RFN, as shown in figure 9.

Based on these locations and firing patterns, we proposed that these non-
respiratory neurons in the RFN area comprise the CPG for retching.
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Fig. 6. a—e The areas stained by pontamine sky blue (20-30 mg/ml, 0.5 or 1.0 pl)
injected in the left bulb for dysfunction of the CPG for vomiting in 9 dogs in which the right
bulb was preliminary severed. Retching in response to stimulation of abdominal vagal affer-
ents disappeared in 8 dogs, but not in the other. The area commonly covered by the stained
areas in the 8 dogs is shaded. IFT = Infratrigeminal nucleus; LRI = lateral reticular
nucleus; PPR = post-pyramidal nucleus of the raphe.
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Fig. 7. a—c Effects of a microinjection of pontamine sky blue on retching and salivation
in response to stimulation of abdominal vagal afferents. Salivation from the submandibular
gland is represented by pulses from a drop counter. The retching response disappeared 5 min
after injection (b) and salivation was markedly attenuated 12 min after injection (c).

Projection from the Solitary Nucleus to the Central Pattern Generator

Stimulation of the mNTS produced a retching response as shown in figure 4,
and mNTS neurons fired during the application of vagal stimulation to induce
vomiting, as shown in figure 8. Both results suggest that mNTS neurons
relay emetic vagal afferent activities to the CPG for vomiting. To examine this
possibility, the effects of focal cooling of the mNTS were observed in 11 CPG
SH-type neurons recorded in 7 dogs [21]. The typical result shown in figure 10
was obtained from a neuron located in the right CPG area. The response to
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Fig. 8. Temporal relationships between firings of a neuron of the medial solitary
nucleus (mNTS) and a CPG SH-type neuron in response to vagal stimulation. a Firings of
both neurons during the emetic response to continuous vagal stimulation. The 3rd and 4th
traces show pulses representing firings of the mNTS neuron and a frequency histogram.
The 5th and 6th traces show pulses representing firings of the CPG neuron and a frequency
histogram. b A raw photograph of the responses of both neurons to pulse-train vagal
stimulation.

pulse-train stimulation of the thoracic vagal trunk as well as SH-type neuronal
activities and concomitant retching activities of the phrenic and abdominal
muscle nerves were completely and reversibly abolished by the application of
focal cooling to the vagal triangle ipsilateral to the stimulated vagal trunk.
Bentina and Conde [23] reported that it is impossible to block conduction along
fibers by cooling to a temperature above 0°C, and that trans-synaptic excitation
is reversibly blocked at 10°C or above. Therefore, these results suggest that
emetic vagal afferent fibers make synapses on mNTS neurons, which directly
and/or indirectly project to the CPG on either side.

To examine direct projection, antidromic responses to stimulation of the
CPG area was examined in 289 neurons in the mNTS area [22]. Antidromic
action potentials were elicited in only 13 mNTS neurons. These directly-
projecting neurons may mediate emetic afferent activities to the CPG. This
assumption, however, does not exclude the possibility that polysynaptic path-
ways mediate the activities, since polysynaptic pathways seem to favor the
small number of directly-projecting neurons and the large difference (80ms;
see fig. 8) between the latencies in the responses of mNTS neurons and CPG
SH-type neurons to pulse-train vagal stimulation.

Antiemetic Site of NK,-R Antagonists 43



a c 6.0mm

Fig. 9. a—d Recording sites of CPG SH-type (filled circles) and BH-type (filled trian-
gles) neurons. Recording sites of other neurons, which responded to vagal stimulation, are
shown by open symbols.

Convergence of Emetic Afferent Activities on mNTS Neurons

Neurons in the mNTS have been shown to express c-fos immunoreactivity
after animals were subjected to various emetic stimuli, e.g., cisplatin in ferrets
[24], cisplatin, lobeline, protoveratrine, naloxone, apomorphine in cats [25],
stimulation of abdominal vagal afferents in ferrets [26] and dogs [pers. unpubl.
results], loperamide in ferrets [27], X-ray irradiation in rats [28] and veratrine
in musk shrews [29]. Since the area postrema is known to lack a blood-brain
barrier, so that it can act as the chemoreceptor trigger-zone for vomiting,
these results suggest that afferent activities from the abdominal viscera and
area postrema elicited by these various emetic stimuli converge on mNTS
neurons.

To examine this supposition, unitary firings in response to pulse-train
vagal stimulation were recorded from 14 neurons in the mNTS, as well as the
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Fig. 10. Effects of cooling the mNTS on the firing of CPG SH-type neurons in response
to vagal stimulation. Cooling probes were attached to the surface of the bilateral vagal trian-
gles, but only the left probe was perfused with cooled alcohol. Temperatures of spaces
between the cooling probes and the surfaces of the vagal triangles are shown. a—e Neuronal
firings during emetic responses to 10-Hz stimulation of the left (a, ¢, ) and right (b, d) vagus
nerves. a, b Control responses. ¢ During cooling of the left mNTS, all emetic responses of the
neuron and nerves to stimulation of the left vagus nerve were completely suppressed.
d However, these emetic responses were still evoked by stimulation of the contralateral (right)
vagus nerve. e The emetic responses to stimulation of the left vagus nerve reappeared when
the temperature of the left mNTS had recovered. f~k Responses of a CPG neuron and the
phrenic nerve to pulse-train stimulation of the left (f; &, j) and right (g, i, k) vagus nerves.
/. g Control responses before cooling. &, i Responses during cooling. j, k Responses after cool-
ing. I Recording sites of 9 CPG SH-type neurons that showed similar effects of cooling of the
mNTS. Thick arrow indicates the recording site of the CPG neuron shown in this figure.

effects of fourth ventricular administration of apomorphine and glutamate
[22], which were shown to activate neurons in the area postrema [30]. Firing
of the mNTS neuron shown in figure 11 gradually increased up to 50
impulses/s after a fourth ventricular application of glutamate, and an episode
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Fig. 11. Response of an mNTS neuron to the application of 0.5 M L-glutamate to the
fourth ventricle. @ Neuronal firings progressively increased after application, and retching
was induced as firing progressed. b Response of this neuron to pulse-train vagal stimulation.
¢ Recording site of this neuron.

of retching was induced as firing progressed. Similar enhancing effects of
glutamate were observed in all 13 of the other neurons examined, while
apomorphine enhanced firing selectively in 6 of the 10 mNTS neurons
examined. On the other hand, it is well known that stimulation of the
vestibular organ produces emesis, so-called motion sickness. Yates et al. [31]
demonstrated that 8§ of 31 neurons recorded from the solitary complex
responded to stimulation of both vestibular and vagal nerves, and that 4 of
these 8 neurons were located in the mNTS. These results strongly support the
assumption that mNTS neurons comprise the final common afferent pathway
that directly or indirectly mediates emetic activities originating from various
sources, e€.g., the abdominal viscera, the area postrema and vestibule, to the
CPG for vomiting.

This assumption was further supported by our later experiments [32]. The
number of firings in response to pulse-train vagal stimulation significantly
increased in 6 CPG neurons after an intramuscular injection of apomorphine
(0.3 mg/kg), as shown in figure 12. Moreover, spontaneous firing increased in
4 of the 6 CPG neurons.
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Fig. 12. Effects of apomorphine on the responses of a CPG neuron to pulse-train vagal
stimulation. Apomorphine (0.3 mg/kg, i.m.) was administrated in a (arrow). b—d Responses
at the indicated times after the administration of apomorphine.

Vomiting Activities of Medullar Respiratory Premotoneurons

Projecting to the Spinal Cord

It is well established that respiratory motoneurons of the diaphragm and
abdominal muscles are innervated by respiratory premotoneurons in the caudal
medulla. Miller et al. [16] recorded firings of 27 expiratory premotoneurons from
the ventral respiratory group (VRG) area caudal to the obex and observed firing
patterns during fictive vomiting in paralyzed decerebrate cats. Nine of the 27 neu-
rons produced bursts of higher frequency firings than their expiratory discharges
synchronously with retching bursts of the phrenic and abdominal muscle nerves
(SH-type firing). Koga [33] performed similar experiments in dogs and reported
that 13 of 30 expiratory premotoneurons produced SH-type bursts during fictive
retching. They concluded from these results that these expiratory premotoneurons
contribute to induce vomiting contractions of the abdominal muscles.

In contrast to these expiratory premotoneurons, Miller et al. [34] reported
that SH-type firings were found in only one of 51 inspiratory premotoneurons
recorded from the dorsal respiratory group (DRG) area (from 0.2 mm caudal to
1.4 mm rostral to the obex) and the VRG area (from 2 mm caudal to 2.4 mm ros-
tral to the obex). They concluded that inspiratory premotoneurons do not make
a major contribution to activation of the diaphragm and external intercostal
muscles during vomiting and that some other, as yet unidentified, pathway
plays an important role in controlling the muscles during vomiting.
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Koga [33] observed firing patterns of 39 inspiratory premotoneurons
recorded from the VRG area 2 mm rostral to 3 mm caudal to the obex in decere-
brate dogs. Fourteen of the 39 inspiratory premotoneurons produced SH-type
firings during fictive retching. This result seems to be inconsistent with that of
Miller et al. [34] mentioned above. Except for the difference in animal species,
the most obvious difference in the experimental conditions seems to be artificial
ventilation, i.e., end-tidal CO, was maintained within 3—5% in cats, but within
2-3.5% in dogs. To resolve this inconsistency, we observed vomiting activities of
inspiratory premotoneurons in two groups of dogs, i.e., end-tidal CO, was kept
lower than 3.5% in one group of 7 dogs and higher than 3.5% in another group
of 9 dogs [35]. We recorded unitary activities from 75 and 139 inspiratory pre-
motoneurons from the VRG area (2 mm rostral to 3 mm caudal to the obex) in the
lower and higher groups, respectively. In both groups, about 40% (34/75, 57/139)
of the inspiratory premotoneurons produced SH-type firings during fictive
vomiting. Therefore, it may be concluded that inspiratory premotoneurons make
a major contribution to vomiting contractions of the diaphragm, at least in dogs.
This conclusion, however, does not exclude the participation of other neurons.

Soon after that study [34] Nonaka and Miller [36] found that 23 of 43 pro-
priospinal inspiratory neurons in the upper cervical cord (C1-C3) produced
SH-type firings during fictive vomiting. Subsequently, Miller and Yates [37]
performed bilateral injections of kainic acid in the C1-C3 spinal segments to
evaluate emetic functions of upper cervical inspiratory neurons, and reported
that these procedures had no major effects on phrenic, intercostal or abdominal
nerve activities during respiration, vomiting and coughing. Based on these
results, they concluded that upper cervical inspiratory neurons are not essential
for inducing vomiting contractions of the inspiratory muscles.

Next, Miller et al. [38] recorded firings of 4 inspiratory neurons from the
medullary midline area, and reported that 3 of these 4 neurons exhibited
SH-type firings during fictive vomiting and one of these 3 neurons had an axon
projecting to the upper cervical cord. In another series of experiments in 5 cats,
they performed 6—12 injections of neurotoxic kainic acid at 0.5- to 1-mm inter-
vals along the midline 1-6 mm rostral to the obex, and reported that fictive
vomiting was abolished after these injections in 4 cats, and was greatly attenu-
ated in the remaining cat. Based on these results, they suggested that the lesion
removed an important source of facilitatory input to the spinal respiratory
motoneurons and/or the brainstem circuit that mediates vomiting.

Neuronal Mechanism Releasing Respiratory Premotoneurons

from Respiratory Inputs during Retching

As mentioned above, about 40% of inspiratory [35] and 30% of expiratory
premotoneurons [33] exhibited SH-type bursts during retching, 8% of inspiratory
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and 13% of expiratory premotoneurons produced BH-type bursts, and the
remaining majority produced no or only low-frequency firings modulated with
the retching rhythm in dogs. These results seem to show that respiratory activities
disappeared during retching from all respiratory premotoneurons and were
replaced to a greater or lesser extent with retching activities. This is also the case
with expiratory and inspiratory premotoneurons of cats [16, 34]. Since respira-
tory premotoneurons are known to be driven from propriobulbar respiratory neu-
rons in the respiratory rhythm generator area [39, 40], these results suggest that
the respiratory rhythm generator is suppressed during retching. To evaluate this
assumption, we observed the activities of inspiratory neurons in the reticular area
adjacent to the semicompact part of the nucleus ambiguus [41]. These inspiratory
neurons have been proposed to comprise the pre-Bétzinger complex (preBOT)
and are assumed to play a key role in the generation of respiratory rhythm [42].

Inspiratory activities disappeared during retching in all 12 pre-inspiratory
neurons of the preBOT [41]. The pre-inspiratory neuron was identified in cats by
Connelly et al. [43], and Gray et al. [44] demonstrated that the pre-inspiratory
neuron plays a key role in the genesis of respiratory rhythm. Therefore, the
respiratory thythm generator is thought to be suppressed during retching.
Inspiratory firings were also suppressed during retching in all 12 constant inspi-
ratory neurons and in all but 1 of 12 augmenting inspiratory neurons of the
preBOT [41]. These two types of inspiratory neurons are both excitatory and
drive inspiratory premotoneurons [39]. These results suggest that the respiratory
rhythm generator is suppressed during retching, and that respiratory premo-
toneurons are released from driving inputs from the respiratory rhythm generator.

The origin of this suppression was suggested by the results reported by
Miller and co-workers [45, 46]. They observed vomiting activity of respiratory
neurons, which are densely distributed in the reticular area ventrolateral to the
RFN, which has been called the Botzinger complex (BOT). SH- and BH-type
bursts were produced by 8 of 12 decrementing inspiratory neurons [45] and 11
of 20 augmenting expiratory neurons, respectively, during fictive vomiting in
cats [46]. Similarly, Fukuda and Koga [21] reported that 3 and 4 of 10 decre-
menting expiratory neurons in the BOT produced SH- and BH-type discharges,
respectively, during fictive retching in dogs. Since all of these neurons in the
BOT are considered inhibitory neurons which produce widespread inhibitory
effects on propriobulbar as well as bulbospinal respiratory neurons [39], they
may contribute to the suppression of the respiratory rhythm generator and res-
piratory premotoneurons during vomiting.

Pathway Connecting the CPG to Respiratory Premotoneurons
If the vomiting activities of phrenic and abdominal muscle motoneurons
are mediated by respiratory premotoneurons located in the VRG area caudal to
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the obex, these respiratory premotoneurons should be directly or indirectly
driven from the CPG. Therefore, if the axons directly descend from the CPG,
stimulation of the VRG area at the obex level should produce an antidromic spike
in CPG neurons. We examined this assumption in 21 dogs, and found that 9 of 27
non-respiratory CPG SH-type neurons produced an antidromic spike in response
to VRG stimulation [47]. Based on this result, we concluded that the vomiting
activities of phrenic and abdominal muscle premotoneurons are mediated by the
axons of CPG SH-type neurons which directly project to the caudal VRG.

When these experiments were performed, we believed that the vomiting
reflex arc is closed, as shown in figure 1.

Neuronal Mechanisms for Switching Retching to Expulsion

Peripheral Mechanisms of Switching

The reader may be aware that retching was not followed by expulsion when
vagal stimulation was used to induce fictive vomiting in decerebrate paralyzed
dogs. We were concerned by this unexpected phenomenon for years. Therefore,
we observed vomiting in decerebrate non-paralyzed dogs [48]. In experiments
in 2 decerebrate dogs, vomiting was induced by gastric distention with air, and
typical results are shown in figure 13. In this case, retching started just after the
stomach was distended further by an additional injection of air. Each retch is
represented by a negative pulse in the trace of intratracheal pressure (indicated
by a filled triangle). Surprisingly, these negative pulses were not accompanied
by any transient changes in the traces of tracheal O, and CO, that were compa-
rable to the changes caused by tracheal air flow during respiration. This result
indicates that tracheal air does not flow during the initial half of the retching
phase (R1), as demonstrated by Gold and Hatcher [49]. These results are con-
sistent with previous electrophysiological results demonstrating that the adduc-
tors of the glottis act concomitantly with each retch [21, 50-52]. Consequently,
the partial pressures of arterial O, and CO, steadily increased and decreased,
respectively, during the initial phase of retching, and reached their respective
maximum and minimum values during the late retching phase (R2). Both the
maximum and minimum values were maintained until episodes of expulsion,
while actual ventilation occurred between retches in the late retching phase
(R2) as indicated by rapid transient changes tracheal O, and CO.,.

These results indicated that hypoxia and/or hypercapnia that develop
during retching induce a phase transition from retching to expulsion. If this
assumption is valid, then interrupting artificial ventilation during fictive retch-
ing in paralyzed dogs may induce a phase transition from fictive retching to
fictive expulsion.
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Fig. 13. Changes in intratracheal pressure and CO, and O, concentrations in tracheal
air and arterial blood during actual vomiting in a non-paralyzed decerebrate dog. From top
to bottom, traces represent tracheal air O, (TrO,, vol%), arterial blood O, tension (PaO,,
Torr), arterial blood CO, tension (PaCO,, Torr), tracheal CO, (TrCO,, vol%) and intratra-
cheal pressure. Each actual retch is represented as a negative pressure pulse on the trace of
intratracheal pressure (A) and an actual expulsion corresponds to a positive pressure pulse,
which is indicated by a horizontal bar (E). Vomiting was induced by stomach distention with
3 injections of 100 ml of air at {. Total volumes of injected air are indicated in parentheses
as T.200 = 200ml, T.300 = 300 ml. All 300 ml of air was removed at T. Vomiting and pre-
ceding and subsequent respiratory changes were divided into the prodromal phase (P), pre-
retching phase (PR), first retching phase (R1), second retching phase (R2), expulsion phase
(E) and after-tachypnea phase (AT). Traces (12s) during the AT phase were omitted.

Figure 14 shows an example of experiments that were performed in
5 decerebrate paralyzed dogs to examine this assumption. A chain of 21 fictive
retches was induced by stimulation of vagal afferents at an end-tidal tracheal
CO, of 3.4%, however, fictive expulsion did not occur (fig. 14a). In contrast,
when artificial ventilation was discontinued 14 s before retching began, tracheal
CO, reached 7.3% at the 12th fictive retch and 2 episodes of fictive expulsion
were successively induced. We assumed from these results that the hypoxia
and/or hypercapnia that develop during retching trigger the phase transition
from retching to expulsion.

If this assumption is valid, arterial chemoreceptor afferents may participate
in the phase transition. To examine this assumption, sinus nerve afferents were
stimulated during fictive retching in 8 paralyzed decerebrate dogs, as shown in
the example in figure 15. End-tidal tracheal CO, was maintained at 2.6%
throughout the experiment. A long chain of fictive retches, without expulsion,
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Fig. 14. a, b Effects of interrupting artificial ventilation on fictive retching which had
been induced by stimulating abdominal vagal afferents. From top to bottom, the traces show
frequency histograms of the phrenic and abdominal muscle nerves, arterial blood pressure,
CO, concentration in tracheal air (CO,(%)), intratracheal pressure and downward pulses rep-
resenting pulses for stimulating the vagus nerve. Artificial ventilation was discontinued dur-
ing the period indicated by the intratracheal pressure trace in b. TrCO, increased to 7.3% and

two episodes of fictive expulsion (E) were induced.

was induced by vagal stimulation (fig. 15a). However, sinus nerve stimulation
superimposed on the vagal stimulation just after the 20th retch induced a tran-
sition from fictive retching to fictive expulsion (fig. 15b). We concluded that
the phase transition from retching to expulsion was induced by hypoxia and/or
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retching without fictive expulsion was induced by vagal stimulation at an end-tidal CO, of
2.6% (a). Fictive expulsion was induced by stimulation of left sinus nerve afferents which
was superimposed on vagal afferent stimulation (b).

hypercapnia that developed during retching via, at least in part, arterial
chemoreceptor afferents.

Central Neuronal Mechanisms for the Transition from

Retching to Expulsion

When we learned that chemoreceptor afferents participate in the phase
transition from retching to expulsion, we knew that CPG neurons exhibit
appropriate firing patterns to generate retching, but did not know the firing
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Fig. 16. Types of CPG neurons during fictive vomiting. From top to bottom, the
traces in a—d represent frequency histograms of discharges of the phrenic and abdominal
muscle nerves, rectified pulse of unitary firing of a CPG neuron and a frequency histogram
of the unitary firing, CO,% of tracheal air, and pulses for stimulating the vagus nerve.
Fictive expulsion was induced by discontinuing artificial ventilation, as indicated in the tra-
cheal CO, trace. a SH-type retching and abdominal m.-n. type expulsion bursts of a CPG
neuron. b SH-type retching and phrenic n.-type expulsion burst of a CPG neuron. ¢ Second-
phase burst produced by a CPG neuron. d After-discharge produced by a CPG neuron.

patterns of these CPG neurons during expulsion. Since CPG neurons are
assumed to play key roles in the transition from retching to expulsion, we
recorded unitary firings from 84 non-respiratory neurons in the CPG area of
54 decerebrate paralyzed dogs, and found that these neurons produced the
following four firing patterns with fictive expulsion induced by a discontinua-
tion of artificial ventilation or sinus nerve stimulation [53]: (1) Thirteen of
the 84 neurons produced the firing pattern shown in figure 16a. Since this
pattern is assumed to be suitable for producing retching and expulsion activities
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of abdominal muscle motoneurons, we called CPG neurons of this type
abdominal m.n.-type. (2) Twenty-two of the 84 neurons exhibited firing pat-
terns similar to the example shown in figure 16b. Since this pattern seems to be
suitable for inducing retching and expulsion activities of phrenic motoneurons,
we called CPG neurons of this type phrenic n.-type. (3) Eight of the 84 neurons
produced a vigorous burst at the second phase of expulsion, as shown in figure
16c. We thought that neurons of this type may play a key role in patterning
expulsion firings of the phrenic n.-type and abdominal m.n.-type CPG neurons,
since bursts of neurons of this type seem to be suitable for shortening expulsion
bursts of phrenic n.-type CPG neurons and for prolonging expulsion bursts of
abdominal m.n.-type CPG neurons during the second phase of expulsion. We
called CPG neurons of this type second-phase burst-type. (4) Ten of the 84 neu-
rons discharged a burst concomitantly with the end of an expulsion burst of the
abdominal muscle nerve (fig. 16d). These neurons may contribute to terminate
the expulsion bursts of abdominal m.n.-type CPG neurons, and we called these
the after discharge-type. The remaining 31 neurons did not produce any firings
at the transition or during expulsion. We also elucidated in later experiments
that these four types of CPG neurons produce similar firing patterns during
gagging induced by stimulation of pharyngolaryngeal afferents [54]. Based on
these results, we concluded that vomiting motions of the diaphragm and
abdominal muscles are patterned entirely in the CPG.

At that time, we were fortunately offered a selective non-peptide NK;
receptor antagonist, GR205171 [3], by Glaxo-Wellcome Co., and began exper-
iments to determine the site of the antiemetic action of this antagonist.

The Site of the Antiemetic Action of NK,; Receptor Antagonists

Possibility That the Site Exists in the mNTS

Subcutaneous injection of resiniferatoxin, an ultra-potent capsaicin ana-
logue, transiently induced emesis in Suncus murinus [55], and then blocked
emesis induced by radiation and copper sulfate in the ferret and by motion, cis-
platin, copper sulfate, nicotine and resiniferatoxin itself in S. murinus [56].
Vagotomy is known to reduce the emetic effects of these stimuli (see review by
Naylor and Rudd [57]). Similarly, the application of capsaicin or resiniferatoxin
to the fourth ventricle was shown to produce transient retching, and then simul-
taneously abolish retching and the firing of mNTS neurons in response to vagal
stimulation [58].

Capsaicin is well known to release and then deplete substance P from central
nerve terminals of nociceptive afferents in the spinal cord (see review by Holzer
[59]). Similarly, capsaicin has also been shown to reduce substance P levels in the
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vagus nerve and medulla oblongata [60—62]. Furthermore, some vagal C afferents
are known to contain immunoreactive substance P [63, 64]. These results show
that capsaicin-sensitive vagal afferents have substance P as a transmitter.

Neurons of the solitary nucleus have been shown to have binding sites for
substance P which are blocked by NK,; receptor antagonist [7]. Tattersall et al.
[6] demonstrated that the injection of NK,; receptor antagonists in or near the
solitary nucleus inhibits cisplatin-induced emesis in the ferret.

These findings suggest the possibility that substance P acts as an excita-
tory neurotransmitter in the synapse between emetic vagal afferents and mNTS
neurons, which in turn drive the CPG for vomiting. To evaluate this possibility,
we observed the effects of GR205171 on the activity of mNTS neurons and on
retching induced by the stimulation of either abdominal vagal afferents or the
mNTS in dogs [65].

Effects of Intravenous Injection of an NK;

Receptor Antagonist, GR205171

The effects of GR205171 on fictive retching induced by stimulation of
abdominal vagal afferents and by stimulation of the mNTS were observed in 23
and 4 dogs, respectively. Both types of retching were reversibly eliminated after
an intravenous injection of GR205171 in all of the dogs with comparable laten-
cies, as shown in figure 17. The elimination of retching in response to mNTS
stimulation by GR205171 is consistent with the results of Tattersall et al. [6],
and suggests that the site of the antiemetic action of NK, receptor antagonists
is central.

Firings of 7 neurons in responses to pulse-train vagal stimulation were
recorded from the mNTS area in 7 dogs, as shown in figure 18c. These neurons
also fired during the application of 10-Hz vagal stimulation to induce retching
(fig. 18a). All 7 neurons exhibited similar firing patterns, even after retching in
response to vagal stimulation was abolished by an intravenous injection of
GR205171 (fig. 18b).

These results are considered conclusive evidence to support the notion that
the site of the antiemetic action of NK; antagonists exists downstream from the
mNTS in the vomiting reflex arc (see fig. 1).

Zaman et al. [66] demonstrated that CP-99,994, an NK, receptor antagonist,
abolished the emetic response induced by loperamide, an opiate receptor agonist,
in ferrets, but did not have any significant effects on fos-like immunoreactivity
in the solitary nucleus. If this NK; receptor antagonist blocked the receptors on
mNTS neurons and eliminated the emetic response, fos-like immunoreactivity in
mNTS neurons should be reduced, in contrast to their results. Therefore, they
concluded that NK, receptor antagonists act at a site ‘deep’ in the solitary
nucleus or elsewhere. Their conclusion is consistent with ours.
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Fig. 17. Effects of GR205171 on retching responses to stimulation of abdominal vagal
afferents (a, ¢, ) and the mNTS (b, d, f). a, b Control retching in response to vagal stimula-
tion and stimulation of the mNTS. ¢, d Disappearance of retching responses. The records
were obtained at the indicated number of minutes after the intravenous application of
GR205171 (0.2 mg/kg). e, f Recovery of retching responses. The records were obtained at
the indicated number of minutes after the application of GR205171.

In addition, we recently found that the response of mNTS neurons to vagal
stimulation disappeared concomitantly with fictive retching after a fourth ven-
tricular application of NBQX, a glutamate non-NMDA receptor antagonist, in
dogs [67]. Based on this result, we concluded that the activities of emetic vagal
afferents are mainly mediated by glutamate and non-NMDA receptors on
mNTS neurons.
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Effects of GR205171 on Retching Activities of CPG Neurons

Next, we examined the effects of an intravenous injection of GR205171 on
retching firings of CPG neurons to ascertain whether the site of the antiemetic
action of NK receptor antagonists is upstream or downstream of the CPG [32].
From among many unitary firings recorded from the CPG area, one CPG
SH-type neuron was selected in each of 9 dogs. The gradually increased firing
in the prodromal phase and retching bursts in the 9 CPG neurons, as well as the
retching bursts in the phrenic and abdominal muscle nerves, disappeared after
an intravenous injection of GR205171 (fig. 19). However, even after the grad-
ual increase and retching bursts in firings of CPG neurons were abolished by
the application of GR205171, a transient increase in firings at the onset of vagal
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injection of GR205171 (50 g/kg). Note that the responses did not exhibit a ‘wind-up’.

stimulation remained, and this was followed by low-frequency sustained firings
in all 9 neurons (fig. 19b). These results showed that the responses of CPG neu-
rons to vagal stimulation consisted of fast and slow components which are
insensitive and sensitive, respectively, to NK; receptor antagonists. The record-
ing sites of these 9 neurons are shown in figure 19c.

To elucidate the properties of both components further, responses to pulse-
train vagal stimulation were examined in 6 of these 9 CPG neurons [32].
Responses of the CPG neurons were easily facilitated by the repetition of pulse-
train vagal stimulation (wind-up), and finally developed into rhythmic retching
bursts (fig. 20). Intravenous application of GR205171 abolished the ‘wind-up’
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phenomenon in the responses and subsequent retching bursts. However, the
CPG neurons discharged a burst in response to each pulse-train of vagal stim-
ulation even after the application of GR205171. Thus, these bursts seem to cor-
respond to the initial transient increase and the fast component. The bursts of
the first component did not develop into rhythmical retching bursts after the
application of GR205171. Therefore, the ‘wind-up’ property of the slow com-
ponent is thought to be essential for generating neuronal retching activities,
while the fast component, which may be mediated by a transmitter other than
substance P, may not be essential.

These results clearly demonstrated that the site of the antiemetic action of
NK, receptor antagonists is located in the CPG or along the pathway connect-
ing the mNTS to the CPG.

Effects of Microinjections of GR205171 on Vomiting

To precisely determine the site of antiemetic action, we performed the
microinjection of GR205171 into the left medulla oblongata in decerebrate
paralyzed dogs [68]. The right medulla was preliminary transected about
2.5 mm rostral to the obex to eliminate the emetic function of that half. All 73
injection sites at which an aliquot(s) of GR205171 solution (0.1 or 1 mg/ml)
was injected are shown in figure 21.

Injections in the Reticular Area Ventrolateral to the Caudal Part

of the Solitary Complex

Since Tattersall et al. [6] demonstrated that the injection of an NK, recep-
tor antagonist into the solitary nucleus or in its vicinity inhibits cisplatin-
induced emesis in the ferret, we first performed injections in the medulla area
ventrolateral to the solitary complex (fig. 21c). We performed 32 injections
(0.1 or 1.0mg/ml, 0.5-30 1) at 23 sites in this area in 6 dogs. Fictive retching
in response to vagal stimulation was still observed after each of these injec-
tions, although it was interrupted for 10-124 min after injections at 5 sites in
4 dogs.

These interruptions only appeared after larger-volume injections
(5-30 ) at points at which smaller-volume injections did not have any effects
on retching. These characteristics of the interruptions suggest that they are
caused by the mechanical effects of large-volume injections rather than any
antagonistic activity of GR205171 at NK, receptors. Therefore, these results
suggest that NK, receptors that mediate retching in response to vagal stimula-
tion do not exist in the medullar area ventrolateral to the caudal part of the soli-
tary complex.

All three of the previous studies that performed stimulation in this
medullar area consistently reported that stimulation produced vomiting and/or
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Fig. 21. Injection sites of GR205171 (0.1 or 1 mg/ml) are shown on a schematic rep-
resentation of the dorsal view of the medulla oblongata in accordance with readings from the
scale on the manipulator in which the injection micropipette was fixed. Symbols represent
the number of minutes after the injection at which the disappearance of retching was first
recognized, as shown in the lower left corner. When a site was injected repeatedly, the num-
ber of minutes after the first injection is shown. Paired injections are represented by two
symbols connected by a horizontal line. a Injection sites in the area dorsal to the retrofacial
nucleus. b Injection sites adjacent to the semicompact part of the nucleus ambigous.
¢ Injection sites in the area ventrolateral to the caudal part of the solitary complex.

retching responses in cats and dogs [11, 14, 15]. These results suggest that cell
bodies and/or axons that induce vomiting exist in this area. Wang and Borison
[13] reported that destruction of this area by radiation suppressed vomiting
responses to emetic drugs in dogs. Based on the results of their destruction and
stimulation experiments, they suggested that the vomiting center exists in this
medulla area. Miller et al. [19] performed the microinjection of kainic acid to
produce the selective destruction of neurosoma in this area, and demonstrated
that widespread destruction including the vomiting center does not abolish
the vomiting response in cats. Radiation is now known to impair nerve fibers
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[69, 70]. Therefore, these results in destruction and stimulation experiments are
thought to show that the axons, but not the cell bodies themselves, that mediate
the vomiting response exist in this area. This conclusion may be consistent with
our conclusion that NK; receptors that mediate the retching response do not
exist in this area.

Injections in the Reticular Area Dorsal to the RFN

Next, we performed the microinjection of GR205171 into the reticular
area dorsal to the RFN, where we assumed that the CPG for vomiting exists,
as mentioned above. We performed 16 single and 7 paired injections (0.1 or
1.0mg/ml, 0.5 or 1 pl) in this area in 17 dogs (fig. 21a). In contrast to the
injections in the area ventrolateral to the solitary complex, retching in response
to vagal stimulation disappeared within 40 min after 5 of 16 single and 1 of 7
paired injections, while the response persisted in the majority of injections, as
shown in fig. 21a.

After the observation periods in 9 of 16 single and 5 of 7 paired injections
in this area, the same volume of pontamine sky blue solution was injected into
the same injection points to estimate the diffusion area of GR205171. The areas
stained by the injected dye are shown in figure 22.

Since the volume of GR205171 solution injected in this area was <1 wl in
all cases, this disappearance is not thought to be caused by the mechanical dam-
age of neural tissue. However, the latencies of the effects were much longer
than the S5min or less seen with the intravenous injection of GR205171.
Therefore, we concluded that the CPG for vomiting is not the site of the
antiemetic action of NK; receptor antagonists.

Among the 16 single injections, in 2 exceptional injections a retching
response was eliminated after shorter latencies of 10 and 20 min. The injection
sites in these 2 cases were caudal to the other sites (fig. 21a). These results
suggest that the site of the antiemetic action of NK,; receptor antagonists is
located in a more caudal medullar part. We thought that the caudally adjacent
medullar part is the reticular area around the semicompact part of the nucleus
ambiguus, since our previous experiments had shown that stimulation of the
reticular area effectively induces retching. Thus, we performed injections in the
reticular area.

Injections in the Reticular Area Adjacent to the Semicompact Part

of the Nucleus ambiguus

We performed 10 single and 5 paired injections (1 wl) of GR205171 solu-
tion (0.1 or 1 pg/ml) in this area. In contrast to the results in the other areas
mentioned above, retching disappeared in all cases 5-30min after injection
(fig. 21b). After each injection, pontamine sky blue was then injected into the
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Table 1. Eftects of 1-pl injections of various concentration solutions of
GR205171 on retching response

Dose Dogs, n Effects of injection
ng
disappeared® continued®
10 2 2 (30, 30 min) 0
1.0 1 1 (5min) 0
0.5 2 1 (20 min) 1 (70 min)
0.1 3 1 (20 min) 2 (60, 120 min)

**The number of dogs in which the retching response disappeared at the
number of minutes indicated in the parentheses after the end of the injection
and in which the retching response continued to appear throughout the obser-
vation period for the number of minutes indicated in the parentheses after the
end of the injection, respectively.

same site to estimate the area for the diffusion of GR205171, and the areas
stained by the dye are shown in figure 22.

After these injections of a concentrated solution (0.1 or 1 pwg/ml) of
GR205171, we performed 8 injections of diluted solutions into this area to
define the threshold dose of the drug for abolition of the retching response in
7 dogs. The results are shown in table 1, and the effects of the injection of 1 .l
of 1 pg/ml solution of GR205171 are shown in figure 24a—c. In this case, the
retching response disappeared within Smin after injection and reappeared
90 min later. Such recovery was also observed in another dog, i.e., the retching

Fig. 22. a—h Areas stained when pontamine sky blue was injected at the same site as
GR205171 to estimate the area of the diffusion of GR205171. The stained area at the level
at which the pipette track was recognized was transferred from the histological sections of
each dog to these schematic sketches in accordance with landmarks, i.e., RFN, AMB, 10D,
I0OM, IOP, LRI, PPR, DMV, PH and 12N. The numeral attached to each stained area is the
number of minutes after the injection at which the disappearance of the retching response
was first recognized. The distance from the obex is shown above each schematic sketch. The
shaded areas represent the medulla area commonly covered by the stained area at which an
injection of GR205171 abolished a retching response within 5min. 12n = Hypoglossal
nerves; IOD = dorsal accessory nucleus of the inferior olive; IOM = medial accessory
nucleus of the inferior olive; IOP = principal nucleus of the inferior olive; VIM = inferior
vestibular nucleus; VMN = medial vestibular nucleus.

Antiemetic Site of NK,-R Antagonists 65



response disappeared 20 min after the injection (1 pl) of GR205171 (0.5 pwg/ml)
and reappeared 100 min later.

The Site of the Antiemetic Action of GR205171

The areas stained by pontamine sky blue, which was injected to estimate
the area of the diffusion of GR205171, were distributed in the ventrolateral
medulla from the level of the rostral part of the RFN to the rostral part of
the nucleus ambiguus (fig. 22). Retching in response to vagal stimulation
disappeared within 5min after injection in the area adjacent to the semi-
compact part of the nucleus ambiguus (fig. 22e, f). This suppression was
reproducible and its latency increased as the distance from the injection site to
the semicompact part increased. Since the injection volume was <1l in all
cases, this suppression is not thought to be due to the mechanical damage of
neural tissue. All of the diffusion areas, in which retching disappeared within
Smin, commonly involved a medullar area dorsally adjacent to the semi-
compact part (fig. 22e, f). Suppression could be produced by the injection of
0.1ng of GR205171. Since the threshold dose in the intravenous administra-
tion of GR205171 was 50 pg/kg in dogs [3, 65], 0.1ng GR205171 may
become subthreshold when it diffuses into >2 g of medullar tissue.
Therefore, the medullar area containing NK,; receptor that is essential for
inducing retching may not be much larger than 2 mm?. Electrical stimulation
of this medullar area has been shown to produce retching (see fig. 4). These
results suggest that the site of the antiemetic action of NK,; antagonists lies in
a limited medullar area dorsally adjacent to the semicompact part of the
nucleus ambiguus.

Possible Functions of the Site of the Antiemetic Action of GR205171

GR205171 injected into the area adjacent to the semicompact part of the
nucleus ambiguus simultaneously suppressed the retching response and the
maximum velocity of salivation attained during the prodromal phase of
vomiting, as shown in figure 23. Similarly, augmented antral contractility
during both the prodromal and retching phases had been shown to be sup-
pressed along with retching by the intravenous administration of GR205171 in
dogs [71].

These results suggest that the neurons in this medulla area with NK, recep-
tors participate in the induction of both retching and autonomic prodromal
signs. Therefore, we propose that this area be called the “prodromal-sign center’
of vomiting.

On the basis of many observations of gastrointestinal, cardiovascular and res-
piratory correlates of vomiting, Lang [72] proposed a hypothetical center which
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Fig. 23. Effects of the injection of smaller doses (0.1-10ng) of GR205171 into the
area adjacent to the semicompact part of the nucleus ambiguus on the retching response and
salivation. @ Control responses of retching and salivation. Salivation reached its maximum
velocity before the onset of retching. b The retching response disappeared and the salivation
velocity decreased Smin after injection (1 pg/ml, 1pl) of GR205171. ¢ Both responses
recovered 90 min after injection.

is activated by various emetic inputs and induces these correlates in parallel and
somatomotor components of retching and expulsion sequentially. Furukawa and
Okada [73] studied the perivomiting activity of parasympathetic postganglionic
fibers to the submandibular gland and postulated a hypothetical center which they
called ‘the relay station of emetic afferents’, which is activated by emetic inputs
and in turn activates the salivary center and the CPG for vomiting, and then is
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Fig. 24. C-fos- and NK, receptor-immunoreactive neurons in the prodromal-sign
center area. @ A section was obtained from a dog that had retched 10 times and was
double-stained with antibodies to c-fos and NK, receptor. C-fos and NK receptor immuno-
reactivity was realized by a nucleus stained black and a cell body stained brown, respectively.
b, ¢ Higher-power magnification of area (b) in a and (c) in b, respectively. The group of
larger cells labeled scAMB is the semicompact part of the nucleus ambiguus. Arrows
indicate cells that exhibited immunoreactivity for both c-fos and NK; receptor.

recurrently suppressed by the CPG. The prodromal-sign center in this study may
be the neural tissue that comprises both of these hypothetical centers.

Immunohistochemical Identification of the Neurons

Comprising the Prodromal-Sign Center

C-fos protein is well known to be expressed in neurons that have produced
action potentials. Therefore, neurons of the prodromal-sign center are assumed
to express c-fos protein and NK; receptors in dogs that have vomited repeatedly.
Thus, we performed immunohistochemical staining of NK; receptors and c-fos
protein in 4 dogs which had produced 300—400 retches during retching induced
by 10 vagal stimulations at 5-min intervals [pers. unpubl. results]. A typical
result is shown in figure 24. Fos-like immunoreactive neurons were distributed
in the reticular area dorsolateral to the semicompact part of the nucleus ambiguus
(fig. 24a, b) and neurons exhibiting both NK; receptor- and fos-like immunore-
activity were scattered in the nucleus and the reticular area in this preparation, as
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indicated by arrows (fig. 24b, c). Similar and more medial distributions of both
immunoreactive neurons were recognized in other preparations.

Various respiratory neurons in the medullar area adjacent ventrolaterally to
the semicompact part of the nucleus ambiguus are called the preBOT and are
hypothesized to play the central or key roles in the generation of respiratory
rhythm as mentioned above. Recently, Gray et al. [44] demonstrated that rhyth-
mogenic and other inspiratory neurons in the preBOT express NK; receptor
immunoreactivity. Consistently, NK,; receptor-immunoreactive neurons were
distributed in the medullar area ventrolateral to the semicompact part of the
nucleus ambiguus in our preparations, and c-fos immunoreactivity coexists in
some of these neurons. These neurons may be the inspiratory neurons in the
preBOT.

In our immunohistochemical preparations, another group of NK, receptor-
and c-fos-immunoreactive neurons was distributed in the reticular area dorsal and
dorsolateral to the nucleus ambiguus. The location and extent of this area may be
consistent with the area that was commonly covered by the diffusion areas of
GR205171 for injections by which retching was eliminated within 5min.
Therefore, these neurons are thought to comprise the prodromal-sign center.

Activities of Neurons in the Prodromal-Sign Center

The neurons comprising the prodromal-sign center are assumed to respond
to vagal stimulation and produce firings appropriate to drive the CPG and a vari-
ety of autonomic activities in the prodromal phase of vomiting. Moreover, these
neurons should exhibit a wind-up response to pulse-train vagal stimulation
repeated at an appropriate frequency, since they should be activated via NK;
receptors and the wind-up response of CPG neurons was suppressed by
GR205171, as mentioned above (see fig. 20). To examine this assumption, we
recorded unitary firings of 56 neurons in response to pulse-train vagal stimula-
tion from the reticular area adjacent to the semicompact part of the nucleus
ambiguus, and first examined their wind-up properties [74]. Only 11 of 56
neurons produced a wind-up response, as shown in figure 25a. Eight of the 11
neurons produced the firing pattern shown in figure 25b in response to the
application of 10-Hz vagal stimulation to induce retching. The frequency of fir-
ing gradually increased during the prodromal phase and was close to maximal at
the onset of retching. However, in contrast to CPG SH-type neurons, these neu-
rons did not produce retching bursts. Firing was maintained at the maximum fre-
quency during vagal stimulation and subsided after vagal stimulation was
discontinued, and bursts that consisted of lower-frequency firings were produced
synchronously with retching bursts of the phrenic and abdominal muscle nerves.
The wind-up response and firings that progressed during 10-Hz vagal stimula-
tion were suppressed by an intravenous application of GR205171 (fig. 25c¢, d).
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Fig. 25. Effects of GR205171 on the firing of a CPG-driving neuron in the prodromal-
sign center in response to pulse-train (a, ¢) and 5-Hz (b, d) vagal stimulation. a, b Control
responses before intravenous injection of GR205171 (0.1 mg/kg). ¢, d Responses obtained at
the indicated number of minutes after injection.

The firings of neurons of this type during 10-Hz vagal stimulation and in
the wind-up responses are very similar to those of CPG SH-type neurons with
regard to their patterns and sensitivity to NK, receptor antagonist. Therefore,
we thought that this type of neuron in the prodromal-sign center may drive CPG
neurons and produce vomiting. Therefore, we called neurons of this type CPG-
driving neurons.

The bursts produced synchronously with retching by CPG-driving neurons
after the discontinuation of 5-Hz vagal stimulation suggest that CPG-driving
neurons are activated by feedback inputs from CPG SH-type neurons, and that
this positive-feedback circuit may contribute to the formation of gradually
increasing firing of CPG-driving and CPG SH-type neurons.

Figure 26 shows the firing pattern exhibited by the 3 remaining neurons
of the 11 neurons in response to the application of 10-Hz vagal stimulation to
induce retching. Firing of neurons of this type gradually increased in fre-
quency during the prodromal phase, similar to CPG-driving neurons, however,
the firing decreased with the onset of retching (fig. 26a). This firing pattern
is very similar to the temporal pattern in salivation, which developed during
the prodromal phase and subsided with retching in decerebrate paralyzed dogs,
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Fig. 26. Effects of GR205171 on the firing of a prodromal-sign neuron in the
prodromal-sign center in response to 10-Hz (a, ¢) and pulse-train (b) vagal stimulation.
a, b-1 Control responses before intravenous injection of GR205171 (0.05mg/kg).
b-2, b-3, ¢ Responses obtained at the indicated number of minutes after injection.

as shown in the examples in figures 7 and 24. Firings of neurons of this type
in response to pulse-train and 10-Hz vagal stimulation were attenuated by an
intravenous injection of GR205171 (fig. 26b, c). Since salivation produced
with the retching response was suppressed by a microinjection of GR205171
in the prodromal-sign center area, we assumed that neurons of this type are

Antiemetic Site of NK,-R Antagonists 71



a

Arterial chemoreceptor

Non-NMDA receptor
postrema

affell'ents Abdominal
Y vagal afferents
* Emetic 2nd
mNTS neurons Vestibular
afferents

NK4

receptor \i

Prodromal-sign center
Dorsal to semicompact

Prodromal signs

Prodromal-sign neuron

part of AMB
CPG-driving neuron
CPG for vomiting
\/ Dorsomedial to RFN \

2nd-phase

burst-type Abdominal m.n.-type neurorD
neuron
Phrenic n.-type neuron
After
discharge- BH-type neuron
type neuron
CPG for expulsion CPG for retching
BOT inhibitory Y
neuron =
Premotoneuron
PreBOT of caudal VRG
inspiratory

neuron

Phrenic Abdominal m.
motoneuron motoneuron

premotoneurons

premotoneurons

Prodromal
phase

Vagal afferents

Retching phase

Expu
1st

Ision phase
2nd

mNTS neuron

Prodromal-

sign neurons
CPG-driving
neurons

Prodromal-
sign center

BH-type
Phrenic
n.-type
Abdominal
m.n.-type
2nd-phase
burst-type

== Jrr

MY

i
|

CPG of
retching

So2 §

After
discharge-type

CPG for vomiting

CPG of
expulsion

—7

—_
BOT
inhibitory
neurons

——r

— I~

(L)
S

PreBOT

><

I
I

> J T 2

inspiratory —"\__4
neurons

AUA
A

Phrenic

=
52| =23

LG

Abdominal m. —__ |

S2

Vagal stimulation

Fig. 27. Block diagram representing the central organization of emesis (@) and firing
patterns of the neurons participating in the organization (b). Further explanations are listed

in the Summary.

involved in prodromal signs of vomiting, and called such neurons prodromal-

sign neurons.

Based on these results, we concluded that NK; receptor antagonists sup-
press prodromal signs and vomiting motions by blocking transmission from
the final common pathway of various emetic afferents to the prodromal-sign

center.

Summary

The above results suggest the following (fig. 27):
(1) Emetic vagal afferent activity is mediated by glutamate and non-
NMDA receptors to the second-order neurons of the mNTS.
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(2) Emetic inputs from the area postrema and the vestibular nerve also
converge on the second-order neurons.

(3) Via NK, receptors, the second-order neurons activate the prodromal-
sign center for vomiting, which is located in the reticular area dorsally adjacent
to the semicompact part of the nucleus ambiguus. The prodromal-sign center
consists of CPG-driving and prodromal-sign neurons.

(4) The prodromal-sign neurons produce an activity pattern that may
be appropriate for inducing prodromal signs, e.g., salivation and gastric
contraction.

(5) The CPG-driving neurons drive the CPG for retching, which is located
in the reticular area dorsal to the RFN, and at least consist of SH- and BH-type
neurons.

(6) The SH- and BH-type neurons produce vigorous rhythmic bursts
concomitantly with retching bursts of the phrenic and abdominal muscle nerves
and during the periods between retching bursts, respectively. Destruction of
these neurons abolishes the retching response to vagal stimulation. Therefore,
both types of neurons may generate retching rhythm by unknown processes.

(7) Most respiratory neurons in the reticular area ventrolateral to the RFN
(Bétzinger complex, BOT) produce SH- or BH-type retching bursts. These
BOT respiratory neurons are known to inhibit various respiratory neurons.

(8) Inspiratory neurons in the reticular area ventrolateral to the semicompact
part of the nucleus ambiguus (pre-Botzinger complex, preBOT) are known to play
an important role in the genesis of respiratory rhythm and to drive respiratory pre-
motoneurons. Respiratory firings of most preBOT inspiratory neurons are sup-
pressed during retching, probably by BOT SH- and BH-type respiratory neurons.

(9) One-third of the CPG SH-type neurons project to the ventrolateral
reticular area (the ventral respiratory group, VRG) caudal to the obex, and may
produce SH-type retching bursts in 40% of the inspiratory and 30% of the
expiratory premotoneurons which are released from respiratory inputs from the
respiratory rhythm generator.

(10) The SH-type retching bursts of the inspiratory and expiratory premoto-
neurons are sent to phrenic and abdominal muscle motoneurons, respectively,
and produce retching motions.

(11) Pulmonary ventilation is almost completely suppressed during retch-
ing. This suppression may be caused by an absence of respiratory drive to res-
piratory motoneurons during retching and by contractions of the adductors of
the glottis concomitant with retching bursts of the phrenic nerve.

(12) The interruption of pulmonary ventilation during retching causes hyper-
capnia and hypoxia, which activate at least arterial chemoreceptor afferents.

(13) Chemoreceptor afferents project through undefined pathways to the
CPG area of retching, and drive the second-phase burst- and after discharge-type
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neurons, which, respectively, produce vigorous bursts limited to the second phase
of expulsion and at the end of expulsion bursts of the abdominal muscle nerve.

(14) The second-phase burst-type neurons may shorten the last retching
burst of two-thirds of CPG SH-type neurons to form a phrenic n.-type expul-
sion burst, and prolong the burst of the remaining one-third to form an abdom-
inal m.n.-type expulsion burst.

(15) After discharge-type neurons may terminate the expulsion burst of
abdominal m.n.-type neurons, and may switch vomiting to respiration.

(16) The phrenic n.- and abdominal m.n.-type expulsion bursts of CPG
SH-type neurons are sent to phrenic and abdominal muscle motoneurons via
inspiratory and expiratory premotoneurons, respectively, and produce expulsive
motion.

References

1 Bountra C, Bunce K, Dale T, Gardner C, Jordan C, Twissell D, Ward P: Anti-emetic profile of a
non-peptide neurokinin NK; receptor antagonist, CP-99,994, in ferrets. Eur J Pharmacol 1993;
249:R3-R4.

2 Gardner CJ, Twissell DJ, Dale TJ, Gale JD, Jordan CC, Kilpatrick GJ, Bountra C, Ward P: The
broad-spectrum anti-emetic activity of the novel non-peptide tachykinin NK; receptor antagonist
GR203040. Br J Pharmacol 1995;116:3158-3163.

3 Gardner CJ, Armour DR, Beattie DT, Gale JD, Hawcock AB, Kilpatrick GJ, Twissell DJ, Ward P:
GR205171: A novel antagonist with high affinity for the tachykinin NK, receptor, and potent
broad-spectrum anti-emetic activity. Regul Pept 1996;27:45-53.

4 RuddJA, Jordan CC, Naylor RJ: The action of the NK, tachykinin receptor antagonist, CP-99,994,
in antagonizing the acute and delayed emesis induced by cisplatin in the ferret. Br J Pharmacol
1996;119:931-936.

5 Tattersall FD, Rycroft W, Hargreaves RJ, Hill RG: The tachykinin NK, receptor antagonist
CP-99,994 attenuates cisplatin-induced emesis in the ferret. Eur J Pharmacol 1993;250:
R5-R6.

6  Tattersall FD, Rycroft W, Francis B, Pearce D, Merchant K, MacLeod AM, Ladduwahetty T,
Keown L, Swain C, Baker R, Cascieri M, Ber E, Metzger J, MacIntyre DE, Hill RG, Hargreaves
RJ: Tachykinin NK; receptor antagonists act centrally to inhibit emesis induced by the chemother-
apeutic agent cisplatin in ferrets. Neuropharmacology 1996;35:1121-1129.

7  Watson JW, Gonsalves SF, Fossa AA, McLean S, Seeger T, Obach S, Andrews PLR: The anti-
emetic effects of CP-99,994 in the ferret and the dog: Role of the NK, receptor. Br J Pharmacol
1995;115:84-94.

8  Tattersall FD, Rycroft W, Hill RG, Hargreaves RJ: Enantioselective inhibition of apomorphine-
induced emesis in the ferret by the neurokinin-1 receptor antagonist CP-99,994. Neuropharmacology
1994;33:259-260.

9  Gardner CJ, Twissell DJ, Gale JD, Kilpatrick GJ, Ward P: Effects of racemic CP-99,994, a
tachykinin NK, receptor antagonist, on motion-induced emesis in Suncus murinus. Br J Pharmacol
1995;116:250.

10 Lucot JB, Obach RS, McLean S, Watson JW: The effect of CP-99994 on the responses to provoca-
tive motion in the cat. Br J Pharmacol 1997;120:116-120.

11 Borison HL, Wang SC: Functional localization of central coordinating mechanism for emesis in
cat. J Neurophysiol 1949;12:305-313.

12 Wang SC, Borison HL: The vomiting center, a critical experimental analysis. Arch Neurol
Psychiatry 1950;63:928-941.

Fukuda/Koga/Furukawa/Nakamura/Hatano/ Yanagihara 74



13

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Wang SC, Borison HL: The vomiting center: Its destruction by radon implantation in dog medulla
oblongata. Am J Physiol 1951;164:520-526.

Miller AD, Wilson VI: ‘Vomiting center’ reanalyzed: An electrical stimulation study. Brain Res
1983;270:154-158.

Fukuda H, Koga T: The Botzinger complex as the pattern generator for retching and vomiting in
the dog. Neurosci Res 1991;12:471-485.

Miller AD, Tan LK, Suzuki I: Control of abdominal and expiratory intercostal muscle activity
during vomiting: Role of ventral respiratory group expiratory neurons. J Neurophysiol 1987;57:
1854-1866.

Ikeda M, Yamanaka Y: Electrical stimulation study on localization of the vomiting center (in
Japanese). J Physiol Soc Jpn 1967;29:129-130.

Iwase Y, Ikeda M, Yoshikawa H: Induction of emesis by electrical stimulation of the surface of the
medulla oblongata. J Physiol Soc Jpn 1967;29:712-713.

Miller AD, Nonaka S, Jakus J: Brain areas essential or non-essential for emesis. Brain Res 1994;
647:255-264.

Koga T, Qu R, Fukuda H: The central pattern generator for vomiting may exist in the reticular area
dorsomedial to the retrofacial nucleus in dogs. Exp Brain Res 1998;118:139-147.

Fukuda H, Koga T: Non-respiratory neurons in the Botzinger complex exhibiting appropriate
firing patterns to generate the emetic act in dogs. Neurosci Res 1992;14:180—194.

Koga T, Fukuda H: Neurons in the nucleus of the solitary tract mediating inputs from emetic vagal
afferents and the area postrema to the pattern generator for the emetic act in dogs. Neurosci Res
1992;14:166-179.

Benita M, Conde H: Effects of local cooling upon conduction and synaptic transmission. Brain
Res 1972;36:133-151.

Reynolds DJ, Barber NA, Grahame-Smith DG, Leslie RA: Cisplatin-evoked induction of c-fos
protein in the brainstem of the ferret: The effect of cervical vagotomy and the anti-emetic 5-HT;
receptor antagonist granisetron (BRL 43694). Brain Res 1991;565:231-236.

Miller AD, Ruggiero DA: Emetic reflex arc revealed by expression of the immediate-early gene
c-fos in the cat. J Neurosci 1994;14:871-888.

Boissonade FM, Sharkey KA, Davison JS: Fos expression in ferret dorsal vagal complex after
peripheral emetic stimuli. Am J Physiol 1994;266:R1118-R1126.

Zaman S, Woods AJ, Watson JW, Reynolds DJ, Andrews PL: The effect of the NK, receptor antago-
nist CP-99,994 on emesis and c-fos protein induction by loperamide in the ferret. Neuropharmacology
2000;39:316-323.

Yamada Y, Tsukamoto G, Kobashi M, Sasaki A, Matsumura T: Abdominal vagi mediate c-Fos
expression induced by X-ray irradiation in the nucleus tractus solitarii of the rat. Auton Neurosci
2000;83:29-36.

Ito H, Nishibayashi M, Kawabata K, Maeda S, Seki M, Ebukuro S: Immunohistochemical demon-
stration of c-fos protein in neurons of the medulla oblongata of the musk shrew (Suncus murinus)
after veratrine administration. Exp Anim 2002;51:19-25.

Carpenter DO, Briggs DB, Strominger N: Responses of neurons of canine area postrema to neu-
rotransmitters and peptides. Cell Mol Neurobiol 1983;3:113-126.

Yates BJ, Grelot L, Kerman IA, Balaban CD, Jakus J, Miller AD: Organization of vestibular inputs
to nucleus tractus solitarius and adjacent structures in cat brain stem. Am J Physiol 1994;267:
R974-R983.

Fukuda H, Koga T, Furukawa N, Nakamura E, Shiroshita Y: The tachykinin NK; receptor antago-
nist GR205171 abolishes the retching activity of neurons comprising the central pattern generator
for vomiting in dogs. Neurosci Res 1999;33:25-32.

Koga T: Discharge patterns of bulbar respiratory neurons during retching and vomiting in decer-
ebrate dogs. Jpn J Physiol 1991;41:233-249.

Miller AD, Nonaka S, Lakos SF, Tan LK: Diaphragmatic and external intercostal muscle con-
trol during vomiting: Behavior of inspiratory bulbospinal neurons. J Neurophysiol 1990;63:
31-36.

Koga T, Fukuda H: Bulbospinal augmenting inspiratory neurons may participate in contractions
of the diaphragm during vomiting in decerebrate dogs. Neurosci Lett 1994;180:257-260.

Antiemetic Site of NK,-R Antagonists 75



36

37

38

39

40

41

42

43

44

45

46

47

48

49
50

51

52

53

54

55

56

57

58

59

60

61

62

Nonaka S, Miller AD: Behavior of upper cervical inspiratory propriospinal neurons during fictive
vomiting. J Neurophysiol 1991;65:1492-1500.

Miller AD, Yates BJ: Evaluation of role of upper cervical inspiratory neurons in respiration, emesis
and cough. Brain Res 1993;606:143-147.

Miller AD, Nonaka S, Jakus J, Yates BJ: Modulation of vomiting by the medullary midline. Brain
Res 1996;737:51-58.

Ezure K: Synaptic connections between medullary respiratory neurons and considerations on the
genesis of respiratory rhythm. Prog Neurobiol 1990;35:429-450.

Bianchi AL, Denavit-Saubie M, Champagnat J: Central control of breathing in mammals:
Neuronal circuitry, membrane properties and neurotransmitters. Physiol Rev 1995;75:1-45.
Fukuda H, Koga T: Most inspiratory neurons in the pre-Botzinger complex are suppressed during
vomiting in dogs. Brain Res 1997;763:30-38.

Smith JC, Ellenberger HH, Ballanyi K, Richter DW, Feldman JL: Pre-Botzinger complex: A brain-
stem region that may generate respiratory rhythm in mammals. Science 1991;254:726-729.
Connelly CA, Dobbins EG, Feldman JL: Pre-Botzinger complex in cats: Respiratory neuronal
discharge patterns. Brain Res 1992;590:337-340.

Gray PA, Rekling JC, Bocchiaro CM, Feldman JL: Modulation of respiratory frequency by peptidergic
input to rhythmogenic neurons in the pre-Botzinger complex. Science 1999;286:1566-1568.

Miller AD, Ezure K: Behavior of inhibitory and excitatory propriobulbar respiratory neurons dur-
ing fictive vomiting. Brain Res 1992;578:168-176.

Miller AD, Nonaka S: Botzinger expiratory neurons may inhibit phrenic motoneurons and
medullary inspiratory neurons during vomiting. Brain Res 1990;521:352-354.

Koga T, Fukuda H: Descending pathway from the central pattern generator of vomiting.
Neuroreport 1997;8:2587-2590.

Fukuda H, Koga T: Hypercapnia and hypoxia which develop during retching participate in the
transition from retching to expulsion in dogs. Neurosci Res 1993;17:205-215.

Gold H, Hatcher RA: Studies on vomiting. J Pharmacol Exp Ther 1926;28:200-218.

Hukuhara, T, Okada H, Yamagami M: On the behavior of the respiratory muscles during vomit-
ing. Acta Med Okayama 1957;11:117-125.

Tan LK, Miller AD: Innervation of periesophageal region of cat’s diaphragm: Implication for stud-
ies of control of vomiting. Neurosci Lett 1986;68:339-344.

Grelot L, Barillot JC, Bianchi AL: Activity of respiratory-related oropharyngeal and laryngeal
motoneurones during fictive vomiting in the decerebrate cat. Brain Res 1990;513:101-105.
Fukuda H, Koga T: Activation of peripheral and/or central chemoreceptors changes retching activ-
ities of Botzinger complex neurons and induces expulsion in decerebrate dogs. Neurosci Res
1995;23:171-183.

Fukuda H, Koga T: Neuronal gagging activity patterns may be generated by neurons in the reti-
cular area dorsomedial to the retrofacial nucleus in dogs. Exp Brain Res 1997;113:394—401.
Andrews P, Torii Y, Saito H, Matsuki N: The pharmacology of the emetic response to upper gas-
trointestinal tract stimulation in Suncus murinus. Eur J Pharmacol 1996;307:305-313.

Andrews PL, Okada F, Woods AJ, Hagiwara H, Kakaimoto S, Toyoda M, Matsuki N: The emetic
and anti-emetic effects of the capsaicin analogue resiniferatoxin in Suncus murinus, the house
musk shrew. Br J Pharmacol 2000;130:1247-1254.

Naylor RJ, Rudd JA: Pharmacology of ondansetron. Eur J Anaesthesiol 1992;9(suppl 6):3—10.
Shiroshita Y, Koga T, Fukuda H: Capsaicin in the fourth ventricle abolishes retching and transmis-
sion of emetic vagal afferents to solitary nucleus neurons. Eur J Pharmacol 1997;339:183-192.
Holzer P: Capsaicin: Selective toxicity for thin primary sensory neurons; in Herken H, Hucho F
(eds): Selective Neurotoxicity. Berlin, Springer, 1992, pp 419-481.

Gamse R, Leeman SE, Holzer P, Lembeck F: Differential effects of capsaicin on the content of
somatostatin, substance P and neurotensin in the nervous system of the rat. Naunyn
Schmiedebergs Arch Pharmacol 1981;317:140—148.

Gamse R, Saria A, Lundberg JM, Theodorsson-Norheim E: Behavioral and neurochemical
changes after intracisternal capsaicin treatment of the guinea pig. Neurosci Lett 1986;64:287-292.
South EH, Ritter RC: Capsaicin application to central or peripheral vagal fibers attenuates CCK
satiety. Peptides 1988;9:601-612.

Fukuda/Koga/Furukawa/Nakamura/Hatano/ Yanagihara 76



63

64

65

66

67

68

69

70

71

72

73

74

Helke CJ, Hill KM: Immunohistochemical study of neuropeptides in vagal and glossopharyngeal
afferent neurons in the rat. Neuroscience 1988;26:539-551.

Thor KB, Hill KM, Harrod C, Helke CJ: Immunohistochemical and biochemical analysis of sero-
tonin and substance P colocalization in the nucleus tractus solitarii and associated afferent ganglia
of the rat. Synapse 1988;2:225-231.

Fukuda H, Koga T, Furukawa N, Nakamura E, Shiroshita Y: The tachykinin NK, receptor antago-
nist GR205171 prevents vagal stimulation-induced retching but not neuronal transmission from
emetic vagal afferents to solitary nucleus neurons in dogs. Brain Res 1998;802:221-231.

Zaman S, Woods AJ, Watson JW, Reynolds DJ, Andrews PL: The effect of the NK, receptor antag-
onist CP-99,994 on emesis and c-fos protein induction by loperamide in the ferret.
Neuropharmacology 2000;39:316-323.

Furukawa N, Hatano M, Fukuda H, Koga T: Non-N-methyl-D-aspartate receptors may mediate the
transmission of emetic signals between visceral vagal afferents and the solitary nucleus in dogs.
Neurosci Lett 1998;258:53-56.

Fukuda H, Nakamura E, Koga T, Furukawa N, Shiroshita Y: The site of the antiemetic action of
tachykinin NK, receptor antagonists may exist in the medullary area adjacent to the semicompact
part of the nucleus ambiguus. Brain Res 1999;818:439—449.

Powers BE, Beck ER, Gillette EL, Gould DH, LeCouter RA: Pathology of radiation injury to the
canine spinal cord. Int J Radiat Oncol Biol Phys 1992;23:539-549.

Schultheiss TE, Kun LE, Ang KK, Stephens LC: Radiation response of the central nervous sys-
tem. Int J Radiat Oncol Biol Phys 1995;31:1093-1112.

Furukawa N, Fukuda H, Hatano M, Koga T, Shiroshita Y: A neurokinin-1 receptor antagonist
reduced hypersalivation and gastric contractility related to emesis in dogs. Am J Physiol
1998;275:G1193-G1201.

Lang IM: Digestive tract motor correlates of vomiting and nausea. Can J Physiol Pharmacol
1990,68:242-253.

Furukawa N, Okada H: Canine salivary secretion from the submaxillary glands before and during
retching. Am J Physiol 1994;267:G810-G817.

Fukuda H, Koga T, Furukawa N, Nakamura E, Shiroshita Y: Firing patterns of neurons which may
comprise the prodromal-sign center of vomiting in the reticular area dorsal to the semicompact
part of the nucleus ambiguus. Jpn J Physiol 1999;49:S82.

Hiroyuki Fukuda

Department of Clinical Nutrition, Faculty of Medical Technology

Kawasaki University of Medical Welfare

Matsushima 288, Kurashiki 701-0193 (Japan)

Tel. +81 86 4621111, Fax +81 86 4633508, E-Mail hrfukuda@med.kawasaki-m.ac.jp

Antiemetic Site of NK,-R Antagonists 77



Donnerer J (ed): Antiemetic Therapy.
Basel, Karger, 2003, pp 78-97

eccecccccccccccccccccoc e

Potential of Substance P Antagonists as
Antiemetics

Pierre Diemunsch?, Laurent Grélot®

aService d’Anesthésie — Réanimation Chirurgicale, Hopital de Hautepierre,
Hopitaux Universitaires de Strasbourg, Strasbourg et "UPRES EA 3285 — IFR
Marey, Faculté des Sciences du Sport, Université de la Méditerranée,
Aix-Marseille I, Marseille, France

An Overview of the Critical Concepts in Antiemetic Research

Vomiting (or emesis) has been from time immemorial a major concern in
the practice of human medicine. In various ancient civilizations, the induction
of vomiting with emetics was even used as a therapeutic tool [2]. At the present
time, vomiting is viewed not as a therapy but more usually as a distressing side
effect associated with various medical practices. Primarily, vomiting, the cul-
minating sign of nausea, is a protective reflex occurring in a wide variety of
vertebrates in response to the ingestion of a hazardous compound. This is
clearly evidenced in the piglets by the bouts of vomiting induced by the intra-
venous or intraperitoneal administration of lipopolysaccharides, a component
of the outer membrane of Gram-negative bacteria, which mimic the develop-
ment of a septicemia or a bacterial infection in the gut [3]. However, in addition
to this physiological response to the assimilation of bacterial toxins, vomiting
can also occur in an extreme variety of circumstances which defy a simple
description. In brief, emesis remains a critical problem during recovery from
surgical procedures carried out under general anesthesia, in anticipation of
anticancer cytotoxic therapy (i.e., psychological vomiting), and in other cir-
cumstances involving motion and vestibular disturbances (e.g., Méniere’s dis-
ease). Lastly, vomiting can occur under natural circumstances where its benefits
remain obscure (e.g., pregnancy sickness).

This chapter is based on the leading article published in Drugs in 2000 [1].
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Fig. 1. Diagrammatic summary of different trigger inputs for vomiting. The emetic
coordinating circuitry is located within the medulla oblongata of the brainstem. Area
postrema is thought to contain a chemoreceptor trigger zone for vomiting. Neurotransmitters
and receptor subtypes of major importance for eliciting vomiting are indicated for various
inputs. D, = Dopamine type 2 receptor; H; = histamine type 1 receptor; M = muscarinic
cholinergic, o, = a-adrenergic type 2 receptor; 5S-HT = 5-hydroxytryptamine (i.e., sero-
tonin). Adapted from Grélot and Miller [4].

The essential coordinating circuitry for producing the complex act of vom-
iting (i.e., the ill-localized ‘vomiting center’) is thought to be located within the
medulla oblongata of the brainstem (fig. 1) [for review, see 4]. The numerous
neurochemicals involved in that circuitry are not fully identified. The affer-
ent systems triggering emesis release various neurotransmitters so that
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pharmacological agents exhibiting an effective antiemetic profile against one
kind of vomiting can be ineffective against emesis induced by other stimuli.
This is obvious in animal models of emesis, for which compounds acting as
5-HT; receptor antagonists exhibit potent antiemetic activity against acute
chemotherapy-induced emesis but fail to block the emetic responses to other
emetogens such as opioid and dopaminergic agonists, copper sulfate or motion.
In humans, the introduction of selective 5-HT; receptor antagonists has incon-
testably represented a major advance in the control of acute emesis associated
with antineoplastic cytotoxic therapy. However, there are still areas in emesis
control where further improvement would be desirable, e.g., motion sickness
and delayed cisplatin-induced emesis.

An attractive strategy to block emesis irrespective of its eliciting stimulus
would be to treat patients (or animals) with a pharmacological agent able to
depress the activity of neurons within the medullary emetic circuitry. Recently,
chemicals acting as partial (buspirone and ipsaspirone) or full (§-OH-DPAT and
SUN 8399) agonists of the 5-HT,;, receptor have shown broad-spectrum
antiemetic activities in several species without marked adverse effects [for
review, see 5]. Since tolerance to the antiemetic effects of 5-HT, receptor ago-
nists did not develop rapidly, these compounds were expected to be clinically rel-
evant. Unfortunately, most investigations in various animal models have shown
that 5-HT, 4 receptor agonists usually exhibit their weaker antiemetic properties
against cisplatin-induced emesis, so that their clinical development rapidly
appeared to be jeopardized. The pharmacological quest to make available a
highly effective broad-spectrum antiemetic has led neuroscientists to investigate
the role of neurotransmitter systems other than the serotonergic one and in par-
ticular the opioid system. Indeed, the neurotransmitter systems that opioid drugs
modulate have been clearly implicated in emesis. In man, morphine and related
analgesic drugs, both of which are poorly selective opioid receptor agonists, have
the potential to increase the incidence of postoperative nausea and vomiting.
However, compounds such as fentanyl or sufentanil activating mainly the . sub-
type of opioid receptors have demonstrated a potent and broad-spectrum
antiemetic activity in various animal species [for review, see 6]. Unfortunately,
fentanyl enhances postoperative nausea and vomiting in human patients suggest-
ing that species-related differences exist in the way opioid receptors modulate the
emetic reflex. Since at the present time it is still difficult to dissociate pharma-
cologically the antiemetic properties of opioid receptor agonists from other
unwanted side effects (e.g., respiratory depression), clinically accessible opioid
drugs (agonists and antagonists) cannot be considered as promising antiemetics.

Recently, special attention has been focused on the role of neuropeptides,
such as tachykinins, since they have been immunohistologically identified in
the dorsal vagal complex of the ferret, an area regarded as essential in the
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elicitation of vomiting. The emetic action of the tachykinin substance P (SP)
was described by Carpenter et al. [7] in 1984. Its putative role within the
medullary emetic circuitry was first clearly pointed out by Andrews and
Bhandari [8] in 1993. They demonstrated that resiniferatoxin, an ultra-potent
capsaicin analogue, exhibits antiemetic properties in the ferret against both a
centrally acting emetic chemical (i.e., loperamide) and two peripherally acting
agents (i.e., radiation and copper sulfate). Andrews and Bhandari suggested that
resiniferatoxin exerts its potent antiemetic activity by depleting SP at a central
site in the emetic pathway. In such context, the development of potent and
highly selective non-peptide NK; receptor antagonists, able to cross the blood-
brain barrier to antagonize the central effects of SP, became crucial for provid-
ing powerful tools for investigation of the physiological role of SP in emesis.
More generally, the development of these compounds was strongly demanded
in several fields besides emesis, since the main indications foreseen for such
drugs also included pain, migraine, rheumatoid arthritis, inflammatory bowel
disease, asthma and chronic bronchitis.

The Tachykinins: Receptor Subtypes and Antagonists
Relevant to Antiemetic Research

Tachykinins are members of a family of neuropeptides sharing the com-
mon C-terminal sequence Phe-Xaa-Gly-Leu-MetNH,. In 1973, the term
‘tachykinin’ was coined by Ersparmer and Melchiorri to describe the rapid
development of the contractile action produced by these peptides in smooth
muscles. In mammals, the tachykinin family includes at least six chemicals
among which SP, neurokinin A (NK,) and neurokinin B (NKp) are the most
precisely characterized for their physiological effects. These peptides exert a
plethora of biological activities through three G-protein-coupled receptor sub-
types, identified as NK,;, NK, and NKj; receptors [9]. According to the
‘Montreal Nomenclature’ [10], the NK, receptor is defined as the mediator of
the biological activities encoded by the C-terminal sequence of tachykinins, for
which SP is a more potent agonist than NK, or NKj. Since SP is believed to
exert a key role within the central emetic circuitry, selective NK; receptor
antagonists are expected to express potent antiemetic activity. A number of
peptide-based NK; receptor antagonists with linear or cyclic sequences have
been reported (e.g., spantide, L-668,169, GR82334, FR 113680, FK 224, etc.)
but their inability to gain access to the central nervous system through the blood-
brain barrier was though to represent a limitation to a putative clinical use for the
control of emesis. In 1991, following a high throughput screening strategy,
researchers at Pfizer Central Research (USA) disclosed the first non-peptide
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NK,; receptor antagonist: CP-96,345 ([(28S,3S)-cis-2-(diphenylmethyl)-N-
[(2-methoxyphenyl)methyl]-1-azabicyclo[2,2,2]octan-3-amine]), and subse-
quently reported the series of piperidines exemplified by CP-99,994 ((2S,3S)-
cis-3-(2-methoxybenzylamino)-2-phenylpiperidine)dihydrochloride) [11].
Succeeding intensive chemical and pharmacological research conducted in all
the major ‘drug companies’ led to the disclosure of a wide variety of non-
peptide NK,; receptor antagonists belonging to different chemical classes, i.e.,
piperidines, perhydroisoindolones, quinuclidines, tryptophan derivatives and
steroids [12]. The most recently synthesized compounds are highly selective,
exhibiting nanomolar or subnanomolar affinities for human NK,; receptors
expressed in various cells.

When comparing the pharmacological effects of various NK; receptor
antagonists, it is essential to keep in mind that species-related differences exist
in the primary sequence of the NK, receptor protein [13]. These variations,
which do not affect the agonist efficacy, determine dramatic species-related
variations in the potency of non-peptide antagonists. For instance, the proto-
typical NK, receptor antagonist CP-96,345 binds with subnanomolar affinity to
bovine brain, but it is 35-fold less active in displacing [°*H]-SP binding to rat
brain. Therefore, the antiemetic efficiency of a given compound in an animal
model is not conclusively predictive of its potentiality in humans. In addition,
several factors can preclude a number of highly selective potent NK,; receptor
antagonists from being of clinical utility. Precisely, some of these pharmaco-
logical agents have been reported to bind without any enantio-selectivity with
L-type Ca*" channels irrespective of the species. For instance, CP-96,345 pre-
sents an equal affinity for Ca?* channels and NK, receptors in the rat, so that
many of the behavioral effects in that species might be due to the blockade of
ion channels. Consequently, it is essential to be cautious in interpreting the
results using a NK; receptor antagonist [14]. In addition, this implies that NK;
compounds selected for clinical trials must exhibit the lowest ‘non-specific’
binding to Ca?* channels to avoid severe cardiovascular adverse effects.
Obviously, this point has been taken into account for chemicals administered
during preliminary clinical trials, since CP-122,721 ([(+)-(2S,3S)-
3-(2-methoxy-5-trifluoromethoxybenzyl)amino-2-phenylpiperidine]), a potent
and non-competitive antagonist agent, exhibits a high affinity for human NK;
receptors but a moderate one for Ca’?* channels [15]. Similarly, GR205171
([2-methoxy-5-(5-trifluoromethyl-tetrazol-1-yl)-benzyl]-(2S-phenyl-piperidin-
3S-yl)amine), another compound tested in human patients, has a subnanomolar
affinity to human NK,; receptors (expressed in CHO cells), and it is at least
1,000-fold selective with respect to non-tachykinin receptors and ions chan-
nels [16]. Finally, the affinity for the human NK, receptor of a third com-
pound tested clinically: L-754,030 ([2-(R)-(1-(R)-(3,5-bis(trifluoromethyl)
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phenylethoxy)-3(S)-(4fluoro)phenyl-4-(3-oxo-1,2,4-triazol-5-yl)methylmorpho-
line]), is similar to that of CP-122,721 and that of GR205171, whereas its affin-
ity for the Ca?" channel is negligible (i.e., ICs, >1 wM [17]). The final two
requirements for the clinical development of a NK,; receptor antagonist are the
long-lasting efficacy and the oral biodisponibility of the compound. Thus, the
poor orally active phenylpiperidine CP-99,994 was further chemically opti-
mized but superseded in development by both CP-122,721 and GR205171.

Antiemetic Activity of NK; Receptor
Antagonists in Animal Models

During the last 6 years, the antiemetic profile of 17 compounds have been
evaluated and fully described to our knowledge in 26 publications. The emetic
challenges were conducted in the ferret, house musk shrew (S. murinus), cat,
dog, and more recently, the piglet, using 14 different emetogens (table 1). The
experimental procedures in these numerous studies presented such marked dif-
ferences concerning the choice of the animal species, the way to elicit vomiting
(i.e., with chemicals, motion, X-irradiation, electrical stimulation of afferent
pathways), and the nature, dose, route and timing of administration of the dif-
ferent NK, receptor antagonists, that a detailed description of the results would
be tedious. However, the common conclusion brought forward in these studies
was that NK; receptor antagonists displayed an unprecedentedly potent, and
usually long-lasting, high antiemetic activity. This high level efficacy was
observed irrespective of the route of administration (i.e., p.o., s.c., i.p., 1.V,
i.c.v.) with drugs able to penetrate the central nervous system.

A concise history of the major results leading to the clinical development
of the NK, receptor antagonists as antiemetics is summarized below. The idea
that these compounds could represent a new class of therapeutic agents for the
treatment of emesis was first published by Bountra et al. [18] in 1993. They
showed, in the ferret model, that an i.p. administration of 3 mg/kg of CP-99,994
(racemic) reduced by 84 and 96% (i.e., the lesser and major effects observed in
this study) the total number of retches induced by morphine (0.5 mg/kg, s.c.,
3-hour trial) and cyclophosphamide (200 mg/kg, i.p., 7-hour trial), respectively.
Tattersall et al. [19] confirmed these results soon after, and demonstrated that
the nearly complete control of the acute emetic response to cisplatin (10 mg/kg,
i.p.) achieved in the ferret with (+) CP-99,994 (3 mg/kg, i.v.) resulted most
likely from a stereo-specific blockade of NK, receptors, since CP-100,263 (i.e.,
the inactive enantiomer) was totally ineffective at the same dose. Subsequently,
the optimized chemicals GR203040 [20], CP-122,721 [21] and then GR205171
[22] have proven more potent antiemetic potentialities than CP-99,994. In the
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Table 1. Record of the NK, receptor antagonists which have proved potent antiemetic activities in
animals against various emetogens

NK, receptor antagonists Animal Emetogens References

(route of administration) species

CP-99,994 (s.c., i.p., i.V.) ES,D,C a + d-CDDP, CuSO,, 18, 19, 25-27,
cyclophosphamide, ipecac, morphine, 30, 32, 37, 59, 60
apomorphine, irradiation, nicotine,
loperamide, ethanol, motion, elect X

CP-122,721 F a-CDDP, CuSO,, ipecac, loperamide, 21

GR 203040 (s.c., i.v.) ES,D a-CDDP, CuSO,, cyclophosphamide, 20, 37
ipecac, morphine, irradiation

GR 205171 (Vofopitant) ES,D,P a + d-CDDP, irradiation, elect X, LPS 16, 23, 61

(s.c., 1.v.)

L-741,671 (i.v., i.c.v.) F a-CDDP 43

L-742,694 (i.v.) F a-CDDP 37

L-743,310 (i.c.v.) F a-CDDP 43

L-754,030 (MK-0869) F a + d-CDDP, morphine, apomorphine 17, 63

(i.v., p.o.)

L-758,298 (i.v.) F a-CDDP 63

RP67580 (i.p.) nicotine 59, 60

PD 154075 (CI-1021;ip.) F a + d-CDDP 28

RPR 100893 (Dapitant) F a-CDDP 37

@iv)

HSP-117 (i.c.v.) F CuSO,, morphine 44, 62

SR 140333 P a-CDDP Grélot et al.,

(Nolpitantium) (i.c.v.) unpubl. data

Sendide (s.c.) F a-CDDP 45

E S, D, C, and P: ferret, S. murinus, dog, cat and piglet, respectively; a + d-CDDP, acute and delayed
cisplatin-induced vomiting; CuSO,, copper sulfhate; elect X, electrical stimulation of the abdominal vagus
nerves; LPS, lipopolysaccharides (bacterial endotoxins); s.c., subcutaneous; i.p., intraperitoneal; i.v., intra-
venous; i.c.v., intracerebroventricular; p.o., per os. [references in text and 59—63].

ferret, CP-122,721 (0.3 or 1mg/kg, s.c.) abolished the emetic response to
copper sulfate, loperamide, ipecac syrup and cisplatin. In fact, this chemical
antagonized the acute emetic response to cisplatin during a 2-hour trial with an
IDs, of 0.03 mg/kg. The long-lasting antiemetic effects of NK; receptor antag-
onists were first reported by Gardner et al. [20]. Indeed, GR205171 (0.3 mg/kg,
s.c.) promptly abolished the cisplatin-induced emesis for a 4-hour period, and
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then minimal emesis occurred during the subsequent 20-hour period. A similar
observation was made in the piglet, for which a single administration of
GR205171 (1 mg/kg, i.v.) reduced by 91 and 86% the number of emetic events
produced during the acute and delayed phases of cisplatin-induced emesis,
respectively [23]. Moreover, a 1-mg/kg dose administered at the transition
between the acute and delayed phases abolished the delayed emetic response to
cisplatin for at least 44 h [21]. In that species, the long-lasting antiemetic effect
of GR205171 was surprising, since the pharmacokinetic study revealed that
GR205171 (1 mg/kg, i.v.) has a fairly short plasma half-life (3.4 = 0.8 h). The
ability to achieve a sustained blockade of central tachykinin NK, receptors in
the absence of high plasma drug concentrations in vivo was also reported in a
pain model (i.e. in the formalin paw test) in the gerbil with L-733,060 [24]. This
might suggest that these two NK, receptor antagonists are rapidly distributed to
their sites of action from where there are slowly eliminated. This property is
advantageous since it strongly limits the occurrence of unwanted nonspecific
effects in peripheral tissues (e.g., blockade of Ca’>" channels) associated with
high plasma concentration of the drugs.

Several NK; receptor antagonists displayed a potent activity, in animal
models, against vomiting elicited by some emetogens which are still difficult
to control in human patients. Thus, CP-99,994, PD 154075 and GR205171
provided a satisfactory control of the delayed emetic response to cisplatin in
both the piglet and ferret [21, 25-28]. The ultra-potent efficacy against both
acute and delayed cisplatin-induced emesis has been clearly evidenced in the
laboratory of one of the authors (L.G.). Comparison with results from our pre-
viously published and unpublished studies performed on more than 600 piglets
demonstrated that GR205171 has the highest ratio of antiemetic activity/dose
of any compound ever tested in our experimental model (i.e., cisplatin-induced
emesis [29]). This is demonstrated clearly in figure 2. The clinical potential
of NK, receptor antagonists can also be extended to provocative motion
(CP-99,994 [23, 24, 30], GR203040 [18]), post-anesthesia-induced emesis
(GR205171 [31]), and ethanol-induced vomiting (CP-99,994 [32]). Finally, in
addition to the antiemetic effect, tachykinin NK, receptor antagonists may
have potential in the treatment of drug-induced conditioned aversive behavior
and nausea [21, 33].

Putative Site of Action of NK; Receptor Antagonists

As mentioned above, the putative involvement of SP within the central emetic
circuitry was proposed by Andrews and Bhandari [8], on the basis of the emetic
action of resiniferatoxin in ferrets. This was confirmed by Matsuki et al. [34] and
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Fig. 2. Antiemetic properties of various pharmacological treatments and surgical pro-
cedures in piglets receiving a single high dose of cisplatin (CDDP, i.v., 5.5mg/kg =~
125mg/m?), and then observed continuously for 60h [details in 29]. EE, emetic events.
Columns from left to right: Cont, control animals (n = 35); Busp, buspirone (i.e., a 5-HT
receptor agonist, 15 mg/kg 15 min prior to CDDP, n = 7); SR 140333, a selective tachykinin
NK; receptor antagonist (3 mg/kg 15 min prior to CDDP, n = 8). SR 49059, a selective vaso-
pressin V1a receptor antagonist (3 mg/kg 15 min prior to CDDP, n = 7). Dexa, dexamethasone
(i.e., a corticosteroid, 20 mg 15 min prior to CDDP, and 10mg 12 and 36 h after CDDP, n = 7);
Grani 7, granisetron (i.e., a selective 5-HT; receptor antagonist, 7mg/kg, n = 7); Dexa +
Grani 7, association of dexamethasone and granisetron 7 (n = 7); IndoM, indomethacin (i.e.,
a cyclooxygenase inhibitor, 10 mg/kg 1h prior to CDDP, and then 15 and 39h after CDDP,
n = 7); 8-OH-DPAT (i.e., a selective 5-HT 5 receptor agonist, 1 mg/kg 15 min prior to CDDP,
n = 7); Vagot, bilateral cervical bivagotomy performed 3—4 days prior CDDP (n = 6). Grani
7 X 1, granisetron (1 mg/kg given every 5 h during the first 30 h post-CDDP, n = 7); Vagot +
Grani 9 X 1, association of Vagot and granisetron (1 mg/kg given every 5h from the 15th to
60th h post-CDDP, n = 6); Vofopitant 1, a selective tachykinin NK; receptor antagonist
(GR 205171, 1 mg/kg 15 min prior to CDDP); Vofopitant 10 X 1 (GR 205171, 1 mg/kg given
each 6h throughout the 60-hour observation period). The bar above each box indicates SEM
of the cumulative (acute + delayed) severity of the emetic crisis. The highest control of eme-
sis was achieved by using the NK, receptor antagonist Vofopitant (GR 205171). Note that SR
140333 was totally ineffective probably due to poor penetration in the central nervous system.
Results from Milano et al. [29], Grélot et al. [23, 64] and Girod et al. [65].

Shiroshita et al. [35], who demonstrated that the capsaicin analogue (s.c. in
S. murinus and i.c.v. in dog) first induced transient emesis or retching, and then
blocked these emetic responses to radiation and copper sulfate, and afferent
vagal electrical stimulation, respectively. In a converging point of view, the
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broad-spectrum antiemetic profile of the NK, receptor antagonists suggests that
they might act principally at central sites. This assertion has been conclusively
supported by studies demonstrating that peptide-based potent NK; receptor
antagonists (i.e., GR82334, sendide, spantide II and FK 888), unable to block
vomiting when administered intravenously, appear much more effective when
injected by an i.c.v. route [20, 36, 37]. Similarly, SR140333, a highly selective
non-peptide compound, inactive at the dose of 3 mg/kg (i.v.) against the acute
emetic response to cisplatin in both ferrets [35] and piglets, reduced by 90%
this response in the latter species when applied centrally (1.5 mg, i.c.v. [Grélot
et al., unpubl. data]).

The nucleus tractus solitarius (NTS) neurons lying ventrally to the area
postrema in the so-called subnucleus gelatinosus are very strongly suspected to
trigger the emetic act [2]. This medullary area is a converging site for projec-
tions arising from the area postrema, and the vestibular and vagal afferents
[38]. NTS is a good candidate for the site of action of NK receptor antagonist.
Extensive SP-like immunoreactivity has been identified in this region and the
tachykinins have been proposed as transmitters in vagal afferents [39—41].
Using in vitro autoradiography, Watson et al. [25, 26] showed that the high den-
sity [*’H]-SP binding in the NTS was displaced by CP-99,994. Similarly, recent
PET studies in rhesus monkeys have demonstrated that peripherally adminis-
tered ''C-labelled GR205171 distributes into brain regions consistent with spe-
cific binding to NK,; receptors [42]. Injection of 30wg of CP-99,994,
L-741,671 or L-743,310 into the vicinity of the NTS inhibited cisplatin-
induced emesis in the ferret [43]. Moreover, the SP-induced discharge of action
potentials of single NTS neuron recorded in slices of ferret brainstem is inhib-
ited by HSP-117, an NK; receptor antagonist with potent antiemetic activity
[44]. Altogether, these results suggest, but do not demonstrate, that NK; recep-
tor antagonists exert their main antiemetic action by depressing the neural
activity of NTS neurons, i.e., within the central emetic circuitry. However, a
possible contribution from peripheral sites to this potent antiemetic effect
should not be ignored. Indeed, injection of sendide (3 mg/kg, i.v.), a peptide-
based drug, is active against cisplatin-induced emesis in the ferret likely
through a gastrointestinal tract site of action [45]. The proposed mechanism
underlying this effect might involve a blockade of the NK; receptors located on
vagal terminals in the gut. This would decrease the intensity of the emetic affer-
ent message to the medullary emetic circuitry [43]. In that view, the peripheral
effect of NK; receptor antagonists might resemble that of the 5-HTj; receptor
antagonists on the serotonergic activation of vagal terminals. However, this
hypothesis remains to be demonstrated since the possibility of a non-specific
interaction of sendide on 5-HT; receptors or Ca’?* channels located on vagal
terminals was not investigated.
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Antiemetic Activity of NK; Receptor Antagonists: Human Studies

In man as well as in animals, the numerous transmitters involved in the
emetic process accounts for the incomplete efficacy of single-drug therapies for
nausea and vomiting of various etiologies. Maybe due to their central role on a
potential, final common pathway, NK, receptor antagonists have offered a
broader spectrum antiemetic activity than 5-HT; receptor antagonists, dopamine
receptor antagonists, anticholinergic agents, and corticosteroids. It seems likely
that, as was observed for pain management [46], combining medications from
different classes may optimize the efficacy of NK; receptor antagonists for treat-
ment of nausea and vomiting.

Data from the published clinical studies seem to confirm the usefulness of
this class of drugs in man, in two types of indications: cancer chemotherapy-
induced nausea and vomiting (CINV) and postoperative nausea and vomiting
(PONV). Conversely, the NK receptor antagonists were shown to be ineffec-
tive in motion-induced nausea, either alone or in combination with a 5-HT;
receptor antagonist [47].

The five investigational drugs studied initially are: GR205171 (Glaxo-
Wellcome), CP-122,721 (Pfizer), CJ-11,974 (Pfizer), L-754,030 (Merck) and
its prodrug L-758,298. GR205171 is a potent and selective NK, receptor antag-
onist with high affinity for the human NK, receptor and potent antiemetic activ-
ity in various animal models of emesis. It is a high clearance compound
(979-1,821 ml - min~!) with a large volume of distribution (412-888 1) and a
moderately long elimination half-life of 5-8 h in man. CJ-11,974 is a selective
NK, receptor antagonist with a K; of 0.4 nm/l and which proved highly active
in the ferret model of emesis. L-754,030, a trisubstituted morpholine acetal,
is a selective NK,; receptor antagonist also very active in animal models.
L-754,030 has been studied in man directly and after administration of its
prodrug L-758,298.

NK; Receptor Antagonists in Chemotherapy-Induced

Nausea and Vomiting

Few studies have dealt with the prevention of acute and/or delayed CINV
after high dose cisplatin in cancer patients (table 2).

Despite the small numbers of patients included, the design of the trials
allowed comparison between arms consisting respectively of either a placebo,
a NK, receptor antagonist, a 5-HT; antagonist, the association of a 5-HT;
antagonist plus dexamethasone, or the association of a NK receptor antagonist
with either dexamethasone alone, or a 5-HT; antagonist plus dexamethasone.

In the study arms where a NK receptor antagonist was administered alone,
it proved either ineffective, or not superior to ondansetron for the control of
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Table 2. NK, receptor antagonists for control of emesis: human studies

Authors Type of Type of emesis NK|, receptor antagonist Subjects, Associations Outcomes
study n
Fumoleau MC, DB, Prevention of acute GR205171 5 or 25mg i.v. 4/16 None Ineffective at 24h
et al. [48] R,P CINV after cisplatin  GR205171 5mg i.v. 7/16 Ondansetron 8 mg IV No emesis: 5/7 at 24h and no
=80 mg/m? nausea: 2/7 at 24h
GR205171 25mg i.v. 5/16 Ondansetron 8 mg IV No emesis: 5/5 at 24 h and no
nausea: 4/5 at 24h
Diemunsch MC, DB,  Treatment of GR205171 25mg i.v. 36 None GR205171 > to placebo for
et al. [56,58] R, P, PC established PONV complete control of emesis
after gynecological and nausea
surgery
Kris et al. Open Prevention of acute CP-122,721 50-200 mg PO 17 None (7/17) 15% no acute emesis and
[50] label, P and delayed CINV 86% no delayed emesis
after cisplatin Ondansetron + 100% no acute emesis
=80 mg/m? dexamethasone (10/17)  and 80% no delayed emesis
Gesztesi DB, R Prevention of None 22/68 Ondansetron 4 mg IV No differences for nausea
et al. [54], see PONYV after CP-122,721 200 mg PO 22/68 None scores but less emetic
also Gesztesi gynecological CP-122,721 200 mg PO 24/68 Ondansetron 4 mg IV episodes in groups treated
et al. [55] surgery with CP-122,721
Hesketh MC, DB,  Prevention of acute CJ-11,974 100 mg PO twice a 61 Granisetron 10 pg/kg No emesis on day 1: 85.7%
et al. [57] R, P, PC and delayed CINV day, 5 days or placebo IV + dexamethasone (p = 0.090 vs. placebo)
after cisplatin 20mg IV No emesis days 2-5: 67.8%
=100 mg/m? (p = 0.042 vs. placebo)
Navari etal. MC, DB,  Prevention of acute L-754,030 400 mg PO 54 Granisetron 10 pg/kg No emesis on day 1: 93%
[52] R, PC and delayed CINV before cisplatin and 300 mg on IV + dexamethasone (p < 0.001 vs. placebo)
after cisplatin days 2-5 20 mg PO before No emesis days 2-5: 82%
=70 mg/m? cisplatin (p < 0.001 vs. placebo)
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Table 2. (continued)

Authors Type of Type of emesis NK, receptor antagonist Subjects, Associations Outcomes
study n
L-754,030 400 mg PO before 54 No emesis on dayl: 93%
cisplatin and placebo on days (p < 0.001 vs. placebo)
2-5 No emesis days 2-5: 78%
(p < 0.001 vs. placebo)
None 51 No emesis on day 1: 67%
No emesis days 2-5: 33%
Cocquyt MC, DB, R Prevention of acute L-758,298: 60 or 100 mg 30 None L-758,298 is almost as
et al. [49] and delayed CINV i.v. before cisplatin effective as ondansetron in
after cisplatin None 23 Ondansetron: acute emesis (day 1), and
=50 mg/m’ 32mg IV before superior to ondansetron
cisplatin against delayed emesis
(days 2-7)
Campos MC, DB, R Prevention of acute None 90 Granisetron 10 pg/kg No emesis on day 1: 57%
et al. [53] and delayed CINV IV + dexamethasone  No emesis days 2-5: 29%
after cisplatin 20 mg PO before
=70 mg/m? cisplatin + placebo on
days 2-5
L-754,030 (MK-0869): 400mg 86 Granisetron 10 pg/kg Best results with the three
PO before cisplatin + 300 mg IV + dexamethasone drugs: no emesis on day 1: 80%
PO on days 2-5 20 mg PO before (p < 0.1 vs. no L-754,030);
cisplatin no emesis days 2-5: 63%
(p < 0.1 vs. no L-754,030)
L-754,030: 400 mg PO evening 89 Dexamethasone 20mg  No emesis on day 1: 46%
before + before cisplatin + PO before cisplatin No emesis days 2-5: 51%
300mg PO on days 2-5 (p < 0.1 vs. no L-754,030)
L-754,030 (MK-0869): 86 Dexamethasone No emesis on day 1: 43%
400 mg PO before 20 mg PO before No emesis days 2-5: 57%
cisplatin + 300 mg PO on cisplatin (p < 0.1 vs. no L-754,030)

days 2-5

This table summarizes the preliminary human studies of NK; receptor antagonists as antiemetics in man.
MC: multicenter; DB: double-blind; R: randomized; P: preliminary; PC: placebo-controlled; CINV: chemotherapy-induced nausea and vomiting; PONV: post-
operative nausea and vomiting; IV: intravenous; PO: by mouth.
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acute CINV after high doses of cisplatin. Fumoleau et al. [48] reported on the
lack of efficacy of 5 or 25 mg GR205171 i.v. when given as a single antiemetic
to prevent acute (24 h) CINV after cisplatin treatment (=80 mg/m?). This study
group consisted, however, of 4 patients only. Conversely, Cocquyt et al. [49]
found that [.-758,298, 60 or 100 mg i.v. was almost as effective as ondansetron
32mg for the prevention of first-day CINV. The percentages of complete
responders (no emetic episode and no escape medication) and major responders
(1 or 2 emetic episodes and no escape medication) were respectively 37 and
17% with L-758,298 (failure rate: 47%), and 48 and 9% in the ondansetron
group (failure rate: 44%). Although not favorable to L-758,298, these figures
look more encouraging than those observed during the first 24 h in the short
series of Fumoleau with GR205171. One possible explanation for this discrep-
ancy may be the lower dose of cisplatin in the Van Belle series (=50 mg/m?).
In one early study by Kiris et al. [50], CP-122,721 alone (50-200 mg single oral
dose) allowed 15% of the patients to be free from acute emesis.

Except for these results in acute CINV, the NK, receptor antagonists have
shown dramatic antiemetic activity in cisplatin-treated cancer patients. This is
true for the prevention of acute CINV in association with a 5-HT; receptor
antagonist or with a 5-HT; receptor antagonist plus dexamethasone, and also
for the prevention of delayed CINV (days 2—5 or 7) either when used as a sole
prophylactic drug or in combination with one of the previously mentioned
associations.

In the Fumoleau study, GR205171 25mg i.v. plus ondansetron 8 mg i.v.
allowed complete control of acute emesis in all patients and absence of nausea in
4 out of 5. Acute emesis was also absent in 100% of patients receiving
CP-122,721 with ondansetron plus dexamethasone [47]. In the work by Hesketh
et al. [51], the rate of no acute emesis was increased from 66.8 to 85.7% when
CJ-11,947 100 mg orally twice daily was associated with granisetron and dexam-
ethasone. This difference, however, did not reach statistical significance. The
well-designed three-arm study published by Navari et al. [52] showed that the
association of L-754,030 with a preventive regimen of granisetron plus dexam-
ethasone allowed a 93% no acute emesis rate which was statistically different
from the 67% observed after the placebo plus the two conventional drugs.

As far as delayed emesis is concerned, a favorable profile of the NK,
receptor antagonists has been shown for CP-122,721 and for L-758,298 when
used alone, and for CP-122,721, CJ-11,947 and L-754,030 when used in com-
bination regimens.

In the short Kris et al. [50] series, a single prophylactic dose of
CP-122,721 allowed prevention of delayed vomiting in 6 out of 7 patients (86%)
while the combination with a 5-HT; receptor antagonist and dexamethasone
brought about this result in 8 out of 10 patients (80%).
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L-758,298 alone proved significantly superior to ondansetron alone in the
prevention of vomiting and nausea on days 2—7 after cisplatin administration
[49].

In association with granisetron and dexamethasone, CJ-11,947 100 mg
given orally twice daily during 5 days allowed 67.8% of the patients to remain
with no emesis during days 2—5 (p = 0.042 when compared with the 36.6%
observed after administration of a placebo twice a day instead of CJ-11,947)
[51].

The study by Navari et al. [52] concerning L-754,030 confirmed the results
already mentioned for acute CINYV, for delayed emesis. Prevention of delayed
emesis (days 2—5) was best achieved when L-754,030 rather than a placebo was
administered either on day 1 or on days 1-5 with the association of granisetron
and dexamethasone (p << 0.001). This regimen also brought significantly higher
satisfaction scores when compared to the placebo (p = 0.001) and this result on
a non-surrogate endpoint certainly deserves to be emphasized. The study sug-
gests a benefit with continuation of L-754,030 treatment beyond the first day,
through the entire chemotherapy cycle, but this needs to be investigated further.

Campos et al. [53] observed the same types of results in their study. The
triple combination of oral L-754,030 with granisetron and dexamethasone
proved more potent for acute CINV prevention, when compared to granisetron
plus dexamethasone without NK,; receptor antagonist. The combination of
L-754,030 with dexamethasone showed comparable activity to the combination
of granisetron and dexamethasone. As far as delayed CINV is concerned,
L-754,030 showed superior efficacy when compared to granisetron (table 2).

NK; Receptor Antagonists in Postoperative Nausea and Vomiting

Comparing CP-122,721 200 mg orally to ondansetron 4 mg i.v. and to the
combination of the two agents in the prevention of PONV, Gesztesi et al. [54]
found no differences for postoperative nausea scores among the three groups
but a significantly lower incidence of emetic episodes when CP-122,721 was
part of the prophylactic regimen. The combination of CP-122,721 and
ondansetron provided no additional benefit (table 2). The same group published
additional data in 2000 [55] showing in a dose-ranging approach that oral
CP-122,721 200mg was more effective than oral CP-122,721 100mg. The
combination of CP-122,721 and ondansetron significantly prolonged the time
to the administration of the first rescue antiemetic drug when compared with
either drug alone, and prevented the occurrence of emesis in 98% of the
patients. Nevertheless, patient satisfaction with the control of PONV after oral
CP-122,721 200 mg prophylaxis was not different than after ondansetron 4 mg.

In a placebo-controlled treatment, in the setting of established PONV,
Diemunsch et al. [56] showed GR205171 25mg i.v. as a single agent to be
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superior to placebo for complete control of emesis and nausea. This benefit was
maintained throughout the entire 24-hour study period. The proportion of
patients requiring rescue medication during the 24-hour following drug admin-
istration was also less after treatment with GR205171 (61 vs. 83% after the
placebo).

Safety

Safety of the NK, receptor antagonists in man has never been a concern in
the clinical studies, and all the investigational drugs were well tolerated, with
no drug-related toxicity. This was true for the clinically observed effects and for
the measured laboratory parameters. No adverse events were reported that
would preclude further studies of NK, receptor antagonists in man. One excep-
tion however has been reported consisting in a serious episode of dizziness
possibly related to oral L-754,030 (400 mg) in the Campos study. Similarly,
an increased incidence of mild or moderate headaches was observed after oral
CP-122,721 (200 mg) in the Gesztesi dose-ranging study.

Despite the implication of SP in pain mechanisms, no obvious effects on
pain threshold or on analgesia were observed in the human PONV studies. This
is in opposition with the results of the study by Dionne et al. [57] showing that
the NK, receptor antagonist CP-99,994 was effective in pain reduction after
third molar extraction.

Other potential indications of the NK,; receptor antagonists include
asthma, anxiety, arthritis, migraine, schizophrenia, glaucoma as well as ocular
hypotension, neural injury and stroke. It is so far unknown as to whether the
doses required to treat CINV and PONV may provoke side effects related to this
wide-spectrum activity.

Conclusion

Major improvement in the treatment of nausea and vomiting has been
achieved with the advent of serotonin type 3 receptor antagonists. This class of
drugs has become the gold standard in the management of both CINV and
PONYV [58], whereas motion sickness is still resistant to the setrons. Despite
these advances, and although associations with other classes of antiemetics has
further improved results, nausea and vomiting still remain a significant prob-
lem, notably in cancer chemotherapy and after surgery, where these symptoms
can prove most distressing. The recent introduction of the NK; receptor antag-
onists seems promising firstly on a theoretical basis, since these drugs act on
a target in the emesis mechanism which has not yet been exploited, secondly
on a preclinical basis, since NK; receptor antagonists showed excellent results
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in various animal models of emesis, and finally if one considers the prelimi-
nary human data published so far. Interestingly, as in the case of the 5-HT;
receptor antagonists, no major concern about safety has been raised after the
initial human trials. Much work is still needed in order to consolidate these
results and to answer questions concerning the optimal dose, the optimal
schedule and duration of treatment, and the optimal antiemetic drug
associations with the NK; receptor antagonists. Occurrence of other foresee-
able effects of this class of drugs should also be controlled for, on large-scale
trials.
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Introduction

Strictly speaking, motion sickness is considered to be a physiological ver-
tigo and thus is not a true sickness at all but a normal response to an abnormal
situation. It is caused by certain kinds of motion and is induced during passive
locomotion in vehicles, generated by unfamiliar body accelerations, to which
the person has therefore not adapted, or by an intersensory conflict between
vestibular and visual stimuli [1]. Motion sickness indiscriminately affects air,
sea, road and space travelers. All individuals (humans and animals) possessing
an intact vestibular apparatus can be made motion sick given the right quality
and quantity of provocative stimulation, although there are wide and consistent
individual differences in the degree of susceptibility [2, 3].

Cardinal signs of motion sickness are nausea, vomiting, pallor and cold
sweating. Associated reactions include sighing, yawing, hyperventilation, flat-
ulence, loss of body weight, headache and drowsiness. Because of the cardinal
signs nausea and vomiting it seems to be necessary to describe the neuronal
mechanisms and especially the therapy of motion sickness in a book, which
presents all aspects of antiemetic therapy.

The Vestibular System

In humans a highly sophisticated mechanism for maintaining gaze
(vestibulo-ocular reflex — VOR) and balance (vestibulospinal reflexes) dur-
ing head and body movements has developed, which is dependent upon
visual, vestibular and proprioceptive sensory information. The information is



integrated in the central nervous system and is modulated by activity arising in
the reticular formation, the extrapyramidal system, the cerebellum and the cere-
bral cortex.

Each vestibular labyrinth contains five vestibular receptors: two maculae
of the otolith organs which can be stimulated by linear acceleration in hori-
zontal (utricle) and vertical (saccule) direction and three cristae ampullares of
the semicircular canals which detect angular accelerations in three different
planes.

Neuronal Mechanism of Motion Sickness

For the past three decades, the sensory conflict theory, most extensively
described by Reason and Brand [4], has provided a theoretical framework for
the understanding of motion sickness. According to the theory, motion sick-
ness results when the brain receives conflicting information about body
motion from the visual and vestibular receptors and the proprioceptive system
(‘sensory mismatch’).

Most sickness-provoking sensory conflicts can be attached to two different
categories, namely (1) the conflict between visual and vestibular/proprioceptive
signal, and (2) the conflict between canal and otolith signal. Furthermore, for
every sensory conflict category, three subtypes of conflicts could be distin-
guished. From these two categories and three types of conflicts, we can derive
six basic conflict types in which motion sickness might reasonably be expected
to occur (table 1).

Conflict between Visual and Vestibular/Proprioceptive Signal

Type 1

Visual and vestibular receptors simultaneously signal motion, but of an
uncorrelated or incompatible kind. One everyday example is the situation of a
man who is standing on a sailing ship and is looking down at the motion of the
waves. The same conflict occurred in a laboratory experiment in subjects wear-
ing disturbing optical devices which reverse and invert the visual field. During
this kind of experiment the vestibular perceived motion is contrary to the seen
movement of the visual field. However, the degree of visual distortion neces-
sary to produce symptoms does not need to be as extreme as this. A change in
the prescription of spectacles is often sufficient to produce nausea during the
early stage of wearing them. Another conflict situation occurs if a person is
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Table 1. Six kinds of sensory rearrangements that can provoke motion sickness [4]

Type of conflict

Category 1: conflict between
visual (A) and vestibular/
proprioceptive signal (B)

Category 2: conflict between
canal (A) and otolith (B) signal

Dpe 1

Inputs A and B simultaneously
receive contradictory or
uncorrelated information

Bpe 2
Input A signals in the absence
of the expected B signal

Type 3
Input B signals in the absence of
the expected A signal

Watching waves over the side
of a ship

Looking out of the side or rear
windows of a moving vehicle
Making head movements while
wearing some optical device that
disturbs vision

Cinema sickness

Operating a fixed-base vehicle
simulator with a moving visual
display (simulator sickness)
‘Haunted-swing’ type of fairground
device

Reading a map in a moving
vehicle

Riding in a vehicle without
external visual reference

Being swung in an enclosed cabin

Head movements made about the
same axis other than that of the
bodily rotation — cross-coupled
angular acceleration

Low frequency oscillation between
0.1 and 0.3 Hz

Space motion sickness
Caloric stimulation of the outer ear

Positional alcoholic nystagmus
associated with alcohol and heavy
water

Rotation about an earth horizontal
axis

Any rotation about an off-vertical
axis

Counter-rotation

looking out of the side window of a moving vehicle. In this case the perceived
velocity is different to the seen velocity.

Type 2

The visual receptors perceive a relative motion of large portions of the
visual field, of a kind normally associated with simultaneous vestibular
stimulation signaling head and/or body movements, but where these latter are
absent. Because in this setting a real body motion is missing, Schmél and Stoll
[5] create the terms pseudo-kinetosis or better pseudo-motion sickness to
describe this kind of conflict. The following examples show situations which
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represent this kind of conflict:

Cinema sickness: Observers were readily made motion sick by watching a
film shot from a car driving down a winding mountain road [6].

Simulator sickness: This form of motion sickness can be induced in the
operators of fixed-base car or aircraft simulators where a moving visual display
simulates the outside world as it would be viewed from a vehicle in motion.

Haunted swing: A swing was mounted in the center of a fully furnished
room. When people took their seats on the swing it was apparently put into
motion, but it was not the swing but the room which swung.

Type 3

This type of sensory conflict occurs in the presence of a vestibular stimu-
lus while an expected correlated visual signal is absent. Situations which
include such a conflict are reading a map in a moving vehicle, riding in a vehi-
cle without external visual references and being swung in an enclosed cabin.

Conflict between Canal and Otolith Signal (Intralabyrinthine Conflict)

Type 1

This type of conflict occurs when canals and otoliths simultaneously signal
contradictory information concerning the position and motion of the head. One
typical example of this type of sensory conflict is the coriolis vestibular reaction
(coriolis or cross-coupled stimulus) which occurs when a test subject, seated on
a chair rotating at constant speed (e.g. in the horizontal plane), moves the head
about the same axis other than that of rotation (e.g. forward and backwards).

Type 2

This kind of sensory conflict is characterized by the presence of a canal
signal in the absence of an expected correlated signal from the otoliths. This
conflict occurs during following situations:

Zero-gravity condition: On earth, every canal stimulation during head
movements is combined with corresponding otolith stimulation. In case of
zero-gravity condition in space when gravity is missing, no otolith signal occurs
during canal stimulations in the frame of head movements.

Caloric stimulation of the horizontal semicircular canal: Even in an earth-
based laboratory, applying a caloric stimulation to the horizontal semicircular
canals can create a type 2 canal otolith conflict.

Type 3
During this setting, motion sickness is provoked by the presence of
an otolithic signal in the absence of an expected back-up signal from the
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semicircular canals. This type of sensory conflict occurs only in the laboratory,
namely during rotation (constant angular velocity!) about an earth-horizontal
axis (barbecue rotation) and during counter-rotation.

Barbecue rotation: During this rotation with constant angular velocity that
means without angular acceleration and thus without stimulation of the semi-
circular canals, the orientation of the otolith organs in relation to the gravity
vector is permanently changing and consequently an otolith stimulation with-
out canal stimulation occurs.

Counter-rotation: This stimulation can be performed with a device which
consists of a secondary turntable mounted on a centrifuge of short radius. This
secondary turntable was made to revolve at the same rate as the main cen-
trifuge, but in the opposite direction. In this way, the test subject seated on the
secondary turntable remained facing the same way since the counter-rotation of
the secondary turntable cancelled out the rotation of the primary drive axis.

Some work groups [7-9] postulate that in some cases of motion sickness
the conflict has its origin in the differences between the current received sen-
sory information (visual and vestibular receptors get different information
about head and body movements) and the stored experience (congruent visual
and vestibular input). Pitman and Yolton [10] used for this store experience the
term ‘exposure history’.

Helling et al. [11] demonstrated in their experiments with fishes a differ-
ent otolith mass between the right and left saccules. They assume that a mis-
balanced sensitivity of the statolith organs occurs but is totally compensated for
by the vestibular system as long as physiological motion patterns take place.
Decompensation leads to kinetosis under non-physiological motion patterns.

Diamond and Markham [12] found a significant correlation between the
otolith asymmetry and the sensibility to space motion sickness in astronauts.

Motion Sickness Susceptibility

There are clearly wide individual differences in motion sickness suscepti-
bility. To quantify this susceptibility it is possible to measure the time how long
a test person can endure a sensory conflict, to analyze the strength of a motion
sickness-provoking stimulus or to quantify the observed vegetative symptoms.

Different devices were developed to produce symptoms of motion sick-
ness, e.g. apparatuses for barbecue rotation, off-vertical axis rotation and
dynamic posturography with simultaneous presentation of incongruent visual
stimuli [13]. However, most commonly, devices were used which are able to
produce a coriolis- or cross-coupled stimulus. For example, a rotation chair
(rotating about an earth vertical axis) which allows the test subject to perform
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simultaneously head movements in the frontal plane (up and down) (Lansberg
test) [14, 15].

About 5-10% of all people are very susceptible to motion sickness, why
all others only show a moderate susceptibility. Motion sickness susceptibility
fluctuates with age [7]. Infants below the age of 2 years are generally immune
to motion sickness but susceptibility seems to be at the highest level between
the age of 2 and about 12 years. Beyond the age of 50, any kind of motion sick-
ness is very rare.

Women appear to be more susceptible to motion sickness [16], especially
during the time of menstruation [17] and during pregnancy. Thus, a relation to
the female endocrine system was concluded. But in contrast, Cheung et al. [18]
could not prove an influence of different phases of the menstrual cycle on sub-
jective symptoms of motion sickness.

Because a benefit of placebo was observed in 45% of patients with motion
sickness, there is evidence that psychological factors influence motion sickness
susceptibility [19]. However, the most important aspect with regard to motion
sickness susceptibility is the contents of the ‘exposure history’ which represents
the stored experiences.

Busoni et al. [20] analyzed the impact of motion sickness on the incidence
of vomiting after routine surgery in children (n = 420) who received general
anesthesia and inguinal field block for common pediatric surgery. The children
were randomly allocated into one of two groups (halothane or sevoflurane). In
the postoperative period, the authors found that motion sickness-positive chil-
dren vomit more than motion sickness-negative children, regardless of the
inhalation anesthetic used. However, motion sickness-negative children dis-
played a higher incidence of vomiting when halothane was used rather than
sevoflurane.

Pseudo-Kinetosis

As mentioned above, symptoms of motion sickness even occur when
motion is signaled from the visual input in the absence of expected vestibular
signals. These movements of the visual field without movement of the body
have been reported in immobile people in wide-screen movie theaters (cinema
sickness), in flight simulators that included a large moving visual display and
during special kinds of computer games [21-23]. Because of the absence of
acceleration stimuli on the vestibular organ, the term ‘pseudo-kinetosis’ was
created [5].

Perhaps the earliest case of visually induced motion sickness was reported
in 1894, when a huge swing was mounted in the center of a fully furnished
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room. When the customers took their seats on the swing it was apparently put
into motion but in reality it was the room that swung. After a few minutes some
people suffered from nausea and dizziness [24].

Because labyrinthine-defective subjects are immune to visual induced
motion sickness, it must be suggested that the stimulation of vestibular centers
is responsible for this phenomenon [7].

Normally, in the case of body movements, visual and vestibular receptors
register the same information about body motion and thus the signals of both
systems are congruent, but in people watching a film shot from a car driving
down a winding mountain road, they were made motion sick because the
motion signals of the visual system are incongruent to the absent signals of the
vestibular system (body in rest).

Central Structures Involved in Motion Sickness

Kubo et al. [25] found in their experiments reciprocal connections between
the vestibular nuclei and the hypothalamus. Even the hypophysis and the hypo-
thalamus are involved in motion sickness because vasopressin neurons in the
magnocellular-neurohypophyseal system are activated during motion-induced
nausea [26] and during motion sickness-provoking stimuli an increasing hista-
mine level could be proved [27].

Mclntosh [19] postulated an emetic chemoreceptor trigger zone in the
area postrema of the medulla oblongata, incriminated in producing motion
sickness. In animal experiences the destruction of this cerebral region abol-
ished the symptoms of motion sickness [28]. Supratentorial structures did not
play an important role in the production of motion sickness because the
removal of the cerebrum in animals did not change the motion sickness sus-
ceptibility [29].

In summary, the following structures appear to be vital links in the neural
pathway responsible for motion sickness [10]: (a) vestibular apparatus (semi-
circular canals and otolith organs); (b) vestibulocochlear nerve; (c) vestibular
nuclei in the brainstem; (d) nodulus and uvula of the cerebellum; (e) chemore-
ceptive trigger zone (medulla oblongata); (f) vomiting center (reticular forma-
tion); (g) hypothalamus and (h) the efferentes involved in the emetic response.

Prevention and Treatment of Motion Sickness

The best therapy for motion sickness is to escape the motion, but if this is
not possible there are the following therapeutic options which are established in
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the prevention and/or treatment of motion sickness: (1) behavior measures,
(2) adaptation and (3) drug treatment.

Behavior Measures

To prevent symptoms of motion sickness, head movements should be
avoided by holding the head against the back of the seat [7]. Visual
information that is in agreement with information from the vestibular and
other sensory receptors suppress symptoms of motion sickness, whereas
incongruent information of the visual and vestibular system promotes nausea
and vomiting. Therefore, seasickness victims should be located on deck and
asked to view the distant horizon. Furthermore, people who are very suscepti-
ble to motion sickness should choose seats at the windows during flights and
when traveling by train. In a car, for example, it is important to maintain a
forward-looking direction of gaze (just as the driver does most of the time) and
to avoid glances to the side or rear that present the brain with uncorrelated
visual information.

Because ethanol leads to a disturbed visual suppression of vestibular
evoked eye movements, it is helpful not to drink alcohol to avoid the symptoms
of motion sickness. Sleeping has a positive influence on the symptoms of
motion sickness because it reduces the excitability of the vestibular system and
thus minimizes the sensory conflict. Acupuncture at the P6 or Neiguan point to
treat nausea and vomiting has been practiced in China for many years. More
recently, acupressure at P6 has been used successfully to decrease the symp-
toms of pregnancy sickness and with mixed results [30—35] to decrease motion
sickness. In this connection, Stern et al. [36] found that the Acuband worn on
the wrist or forearm decreases the symptoms of motion sickness and the gastric
activity that usually accompanies motion sickness.

Adaptation

It is well known that repeated or continued exposure to motion results in
a declining motion sickness response in most individuals, and especially adap-
tation is one of the most effective therapies for motion sickness. While ‘adap-
tation” means the decreasing response following continuous stimulation of a
receptor system, the reduction of neuronal activity after repeated stimulation
is called ‘habituation’. For example, when at sea, in rough conditions, most
people adapt within a few days [37], but when disembarking from a ship after
more than 3 months the adaptation disappears and increased susceptibility is
noted [2].

It is possible to distinguish three distinct stages in the temporal sequence
of adaptive effect and after-effect: initial exposure effects, the effects of
continued exposure and after-effects [4]. Furthermore, Reason and Brand [4]
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distinguished between ‘sensory adaptation’ (decreasing response following
continuous stimulation of a receptor system) and ‘protective adaptation’ (adap-
tation to the sensory mismatch). The adaptation is normally highly specific to
the particular stimulus conditions under which it was acquired. Thus, it is
possible that sailors traveling on large ships may become sick when they are
transferred to small boats [19].

It was found in helicopter-simulator studies that experienced instructors,
who had presumably acquired an adaptive change from flying helicopters, were
much more susceptible to sickness in the simulator than were the student pilots
[7]. The same phenomenon was observed in people who often drive by car and
then were tested in a car simulator. Presumably a very strong ‘exposure history’
seems to be responsible for this observation in trained people. A stimulus that
is gradual in onset generates fewer symptoms and allows for more rapid
adaptation than a stimulus that is abrupt in onset [38]. The longer the adaptation
continues, the more frequently a special stimulus is given [4].

Helling and Westhofen [39] observed in professional seamen during their
experiments at sea that at the beginning of the voyage there was a significantly
lower gain in nystagmus in harmonic acceleration testing than in the inexperi-
enced volunteers. During the voyage all professionals showed nearly constant
gain values but all inexperienced individuals showed a decrease in gain only
during the time of acute symptoms. This points to a central vestibular depres-
sion in adapted volunteers. In the absence of nausea induced by head or body
movements, no adaptation occurs.

At least 5% of all humans with symptoms of motion sickness showed no
signs of adaptation. Interestingly, active body movements favor rather an adap-
tation as passively induced movements during experimental induced visual dis-
turbance by optical systems (inverting prisms) [40]. Therefore, an additional
influence of the proprioceptive system must be proceeded here. The adaptation
effects can also be explained by the sensory conflict theory. In situations which
commonly produce sensory conflicts (sensory rearrangement) and motion sick-
ness, our brain presumably stores appropriate traces, making the sensory con-
flict part of our ‘exposure history’. Once this occurs there is no conflict
between our expectations and the sensory information received and thus, after
some time, no further symptoms of motion sickness occur.

In this exposure history the used movement sample is reprogrammed, i.e.
it comes to a reorientation. In the absence of this now integrated conflict situ-
ation, symptoms of motion sickness occur once again. This effect is called
‘mal de débarquement’, ‘landsickness or ‘adaptive after-effect’ [4]. The most
typical examples of landsickness are found in persons after a long time on a
ship, or the sickness in astronauts after returning to earth from a longer trip in
space.
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Drug Treatment

The first use of a drug was mentioned in the Lancet in 1869, where, in an
anonymous letter to the editor, a combination of chloroform and tincture of bel-
ladonna was recommended for motion sickness. At least the sensory-mismatch
theory led to three possible drug effects in patients with motion sickness:
(1) reduction of the incongruent information; (2) faster update of the ‘exposure
history’ and thus acceleration of adaptation processes, and (3) removal of
vegetative symptoms.

Three kinds of neurotransmitters — histamine, acetylcholine and noradren-
aline — play important roles in the neural processes of motion sickness, because
antihistamines, scopolamine and amphetamine are effective in preventing
motion sickness. Histamine H; receptors are involved in the development of the
symptoms and signs of motion sickness, including emesis. On provocative
motion stimuli, a neural mismatch signal activates the histaminergic neuron
system in the hypothalamus, and the histaminergic descending impulse stimu-
lates H, receptors in the emetic center of the brainstem. The histaminergic input
to the emetic center through H, receptors is independent of dopamine D, recep-
tors in the chemoreceptor trigger zone in the area postrema and serotonin 5-HT;
receptors in the visceral afferent, which are also involved in the emetic reflex.
Antihistamines block emetic H; receptors to prevent motion sickness.
Scopolamine prevents motion sickness by modifying the neural store to reduce
the neural mismatch signal and by facilitating the adaptation/habituation
processes. The noradrenergic neuron system in the locus coeruleus is sup-
pressed by the neural mismatch signal. Amphetamine antagonizes mismatch-
induced suppression of noradrenergic neural transmission, resulting in
preventing motion sickness [41]. It is assumed that all antimotion sickness
drugs affect a hypothetical equilibrium between a central cholinergic and adren-
ergic system, which is influenced by movements [42].

The following drugs are useful for prevention and/or treatment of motion
sickness:

Anticholinergic agents: Scopolamine, an acetylcholine antagonist, has
long been effective for prophylaxis of motion sickness. During the past
decades, transdermal scopolamine was developed to provide effective
prophylaxis and consistent serum levels over an extended period (72 h) [43, 44].
The patch is placed over the postauricular skin, the site of highest skin perme-
ability [38]. Effective protection is provided only if the patch is applied 8 h
before exposure to motion. Its anticholinergic effects on the ciliary muscle of
the eye lens, the salivary and sweat glands, and the heart cause side effects of
scopolamine.

Klocker et al. [45] studied the effect of nasal administration of
scopolamine in a double-blind trial. Scopolamine nasal spray was found to be
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an effective and safe treatment in motion sickness, with a fast onset of action
within 30 min after administration.

Transdermal scopolamine is effective in preventing motion sickness for
72 h. However, by this route a prophylactic effect is obtained 6—8 h postappli-
cation. By the oral route, scopolamine is effective within 0.5h for a period of
6 h. Therefore, Nachum et al. [46] prefer the combination of transdermal and
oral scopolamine (0.3 or 0.6mg). This combination provides the required
plasma levels to prevent seasickness, starting as early as 0.5h posttreatment,
with no significant adverse effects.

Sympathomimetics (catecholamine activators): These agents were mainly
used during space flights. A 5- to 10-mg oral dose of dextroamphetamine has
been shown to magnify the prophylactic effects of scopolamine and antihista-
mines. The drug appears to act centrally by stimulating either dopaminergic or
noradrenergic pathways. Murray [44] concluded that a combination of scopo-
lamine and dextroamphetamine seems to be the most effective antimotion sick-
ness preparation. The most important side effect is the danger of addiction.

Antihistamines: The role of antihistamines in the treatment of motion
sickness was discovered in 1949 [47]. A pregnant woman who was highly
susceptible to motion sickness was given dimenhydrinate for urticaria. While
taking this drug, she was immune to motion sickness. The ability of dimenhy-
drinate to both prevent and treat motion sickness likely stems from its antihist-
aminic and anticholinergic properties. Wood et al. [48] analyzed 15 different
works with at least 5,184 patients and found an effectiveness of antihistamines
in the treatment of motion sickness of 70%. The most common side effect was
the sedation.

Weinstein and Stern [49] compared the two popular antihistamines
dimenhydrinate (Dramamine) and cyclizine (Marezine) with regard to their
antimotion sickness effect. They found that Marezine and Dramamine are
similarly effective in preventing the overall subjective symptoms of motion
sickness. While Dramamine’s effectiveness may be related to its sedative prop-
erties, Marezine may work more directly on the stomach and thus be more
effective in preventing gastric dysrhythmias and reports of gastrointestinal
symptoms.

Neuroleptics: Phenothiazine was primarily used in the treatment of motion
sickness, which had a stronger sedative effect compared to the antihistamines.
The effect is probably based on an antidopamine influence in the chemorecep-
tive emetic trigger zone [50].

Ramanathan et al. [51] evaluated two intranasal dosage forms of promet-
hazine in dogs for absorption and bioavailability relative to that of an equiva-
lent intramuscular dose. They found that the intranasal application of
promethazine offers great promise as an effective noninvasive alternative for
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treating space motion sickness due to its rapid absorption and bioavailability
equivalent to the intramuscular dose. Intramuscular injections of promethazine
in 25- or 50 mg dosages are commonly used to treat space motion sickness in
astronauts. Cowings et al. [52] examined the effects of intramuscular injections
of promethazine on performance, mood states and motion sickness in humans.
Statistically significant decrements in performance were observed for both
dosages of promethazine as compared with the placebo. They concluded that
effective doses of promethazine currently used to counteract motion sickness in
astronauts might significantly impair the task components of their operational
performance.

Dopamine antagonists: The agent to mention here is metoclopramide, a
centrally acting antidopaminergic drug. Although metoclopramide is an effec-
tive antiemetic agent that enhances gastric emptying and prevents cancer
chemotherapy-induced emesis, some studies [53, 54] were unable to demon-
strate any significant effects of this drug on motion sickness.

Serotonin (5-HT;) receptor antagonmist: The drugs ondansetron and
granisetron are highly potent antiemetics. 5-HT; receptor antagonists inhibited
the development of gastric tachyarrhythmia, but did not prevent the develop-
ment of nausea and other symptoms of motion sickness. The antiemetics
ondansetron and granisetron may act as gastric antidysrhythmics, but their
ability to arrest the development of gastric tachyarrhythmia was not sufficient
for the prevention of nausea [55].

Other drugs: In case of military activities, phenytoin in a dose of
1,200 mg/day was used. Furthermore, sailors reported some positive effects of
cinnarizine (150 mg/day) to prevent motion sickness during sailing. Lee et al.
[56] showed that the calcium antagonist flunarizine is a powerful peripherally
acting labyrinthine suppressant, even with application in the prevention of
motion sickness. The efficacy of ginger rhizome for the prevention of nausea,
dizziness and vomiting as symptoms of motion sickness, as well as for postop-
erative vomiting and vomiting of pregnancy, has been well documented and
proved beyond doubt in numerous high-quality clinical studies [57-59].

With regard to the side effects, Gordon et al. [60] assessed the influence
of dimenhydrinate (100 mg), cinnarizine (50 mg) and transdermal scopolamine
on the ability to perform simulated naval crew tasks. The effect of single doses
of dimenhydrinate, cinnarizine and one transdermal scopolamine patch on
psychomotor performance was evaluated. Dimenhydrinate significantly
impaired decision reaction time and auditory digit span. Most of the subjects
who took dimenhydrinate also reported a subjective decrease in well-being and
general performance abilities. Cinnarizine and transdermal scopolamine did
not affect performance abilities. Cinnarizine was free of significant side effects.
Dry mouth was the only significant side effect of transdermal scopolamine.
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These findings could be explained by the well-known sedative properties of
dimenhydrinate and not by a specific effect on any particular cognitive or motor
function. Our results suggest that dimenhydrinate (100 mg) adversely affects
psychomotor function, whereas single doses of cinnarizine (50 mg) and trans-
dermal scopolamine appear to be free of side effects on performance and seem
to be a preferable anti-seasickness drug for use by a naval crew.
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Introduction

Opioid analgesics such as morphine and meperidine are commonly used in
the management of surgical and non-surgical pain. Although opioids are effec-
tive in relieving pain, nausea and emesis are troublesome side effects of opioid
therapy. Often these symptoms can be a barrier to optimal pain management in
patients receiving opioid therapy. Studies suggest that over 60% of patients
receiving opioids experience nausea and emesis [1, 2]. Emesis is less frequent
than nausea in patients taking opioids. The incidence of opioid-induced nausea
and emesis varies with the type of opioid, dose, route of administration and
duration of therapy [3—5]. The type of surgery and patient characteristics also
influence opioid-induced nausea and emesis [1, 2, 5, 6].

In general, nausea and emesis are more frequent in the initial period of opi-
oid therapy. These symptoms are mild and often discomforting for relatively
short periods of time [6]. Most patients develop tolerance to these side effects
over the course of time. However, studies suggest that nausea and vomiting
associated with opioid therapy have a negative effect on functional outcomes
and patient satisfaction [6]. In addition, intensity, duration and severity of nau-
sea are positively associated with functional limitations such as the ability to
concentrate and eat. Overall, nausea and emesis can influence patient outcomes
and may limit usefulness of opioid therapy.

Pathophysiology

Complex central and peripheral mechanisms are involved in opioid-induced
nausea and emesis. Opioids produce nausea and vomiting by stimulating



dopamine release in the chemoreceptor trigger zone (CTZ) of area postrema of
the medulla [7-10]. The CTZ activates the vomiting center in the reticular for-
mation of the medulla, which in turn stimulates the vagus and splanchnic nerves
resulting in nausea and vomiting.

Morphine and related opioids also increase vestibular sensitivity [7]. This
increased stimulation of the vestibular apparatus causes nausea and emesis.
In addition, the vestibular apparatus stimulates the vomiting center [8]. This can
explain the higher incidence of opioid-induced nausea and emesis in ambula-
tory patients than in hospitalized patients [7].

Opioids also decrease intestinal motility causing constipation [11]. This
can also result in nausea and vomiting. The cortex also influences the vomiting
center via unclear mechanisms [9]. Through this input, patients with prior
emetic experience with opioid therapy may have nausea even at the sight of the
hospital.

Management

Pharmacotherapeutic approaches to manage nausea and emesis can be
grouped into risk reduction, prevention and treatment. Tramer [12, 13] formu-
lated these strategies as a rational approach to control postoperative nausea and
vomiting. Although pathophysiology of nausea and emesis associated with opi-
oids and surgery are somewhat different, the conceptual approaches for man-
agement of these undesired consequences are the same.

For patients receiving opioids, antiemetic therapy should be based on past
medical history and present treatment needs. If possible, the risk of nausea and
emesis should be reduced in patients receiving opioid therapy. If necessary, pro-
phylactic therapy should be used to prevent nausea and emesis. In general,
antiemetic treatment should be used after the onset of symptoms since the
symptoms as well as the tolerance level vary from patient to patient.

Risk Reduction

The risk for nausea and emesis in patients receiving opioid therapy can be
minimized. This can include avoidance of concomitant drugs that cause nausea
and vomiting (e.g., amphotericin) [10]. Postoperatively, three interventions
have been proven to be effective in controlling nausea and vomiting [13]. Use
of propofol has been effective in reducing postoperative emesis in high-risk
patients and in patients having outpatient surgeries [14]. Omitting nitrous
oxide as a general anesthetic can prevent the risk of postoperative emesis [15].
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Also, omitting antagonists of neuromuscular blockade during surgery can
lessen postoperative nausea and vomiting [16].

Prevention

A number of antiemetic agents were examined for prophylactic effect in
patients receiving opioid therapy. These agents can be grouped as anticholiner-
gics (e.g., scopolamine), antihistamines (e.g., promethazine), butyrophenones
(e.g., droperidol), corticosteroids (e.g., dexamethasone), substituted benzamides
(e.g., metoclopramide), and serotonin receptor antagonists (e.g., ondansetron)
[8, 11].

The activity of antiemetic agents varies and involves multiple mechanisms
[8—11]. The antiemetic effects of anticholinergics and antihistamines are pri-
marily due to their anticholinergic activity. Antihistamines are active at the
vestibular apparatus and the vomiting center, whereas anticholinergics inhibit
acetylcholine activity directly at the vomiting center.

Phenothiazines, butyrophenones and substituted benzamides are all
dopamine D, receptor antagonists. These agents inhibit dopamine receptors in
the CTZ and thereby prevent further sequelae. In addition, metoclopramide, a
substituted benzamide, also has partial agonistic action on enteric postsynaptic
neurons and thereby increases the motility of the stomach and small intestine.
The inhibition of D, receptors also leads to extrapyramidal symptoms such as
dystonia, parkinsonism, akathisia and tardive dyskinesia.

Antiemetic mechanism of corticosteroids is unclear [8, 11]. They probably
inhibit prostaglandin synthesis in the hypothalamus. They also increase
patient’s acceptance of opioid therapy by improving their appetite and provid-
ing a sense of well-being. Serotonin receptor antagonists have been extensively
studied in recent years for postoperative nausea and vomiting. Agents like
ondansetron, granisetron and dolasetron inhibit 5-HT; in the CTZ and the
vomiting center, one of the receptors that mediate the signaling in the vomiting
center. They also antagonize vomiting signals in the afferent pathways from
the stomach and small intestine. Serotonin receptor antagonists do not cause
extrapyramidal effects, as they do not inhibit dopamine D, receptors.

Over the years, several studies were conducted involving a number of
antiemetic agents to assess their prophylactic effect on opioid-induced nausea
and emesis [1, 2]. Although examination of each of these studies can be infor-
mative, pooled quantitative analysis of these studies can be more useful and
practical. Meta-analyses and systematic review are tools that can aid in under-
standing effectiveness of these agents by combining results from these studies.
Both are statistical analytical tools that involve calculation of pooled effective-
ness measures based on the data from several studies.
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Hirayama et al. [2] conducted a meta-analysis of studies examining
antiemetic agents for prophylaxis of opioid-induced nausea and emesis. Studies
published from 1966 to 2000 and involving five antiemetic agents for postop-
erative opioid therapy were included. The agents examined were droperidol,
metoclopramide, dexamethasone, propofol and ondansetron. According to their
analysis, dexamethasone, droperidol and metoclopramide are effective in that
order for prevention of opioid-induced nausea and emesis. Highest significant
decrease (odds ratio 0.23, 95% confidence interval 0.15-0.35) in the incidence
of nausea and emesis was observed with dexamethasone. The odds ratio and
confidence interval for droperidol (dose range 1.25-10mg) and metoclo-
pramide (dose range 10-80 mg) were 0.27 (95% confidence interval 0.21-0.34)
and 0.48 (95% confidence interval 0.30-0.75), respectively. The odds ratio for
ondansetron was 0.40 but was not statistically significant. The findings suggest
that dexamethasone 1.25-10mg is the most effective agent and can reduce the
incidence of nausea and vomiting from 66—80% to 16—50%.

Tramer and Walder [1] conducted a systematic review of prophylactic
antiemetic agents for patient-controlled analgesia. Studies investigating seven
different antiemetic agents were examined, namely droperidol, ondansetron,
scopolamine, tropisetron, metoclopramide, propofol and promethazine. These
studies were published from 1966 to 1998. According to the study, droperidol
was the most frequently reported antiemetic agent for patient-controlled anal-
gesia. Droperidol 0.5-11 mg/day was significantly more effective than placebo
in preventing opioid-induced nausea and emesis. The numbers needed to treat
for preventing nausea and emesis were 2.7 and 3.1, respectively. This suggests
that 30% of the patients receiving opioids will benefit from droperidol. There
was no dose response relationship for efficacy. However, adverse effects were
dose-dependent with an increase in adverse effects like drowsiness occurring at
doses >4 mg/day.

According to Tramer and Walder [1], serotonin receptor antagonists like
ondansetron and tropisetron were the second most reported medications for
patient-controlled analgesia. They were effective for emesis with little or no
evidence of antinausea effect. The number needed to treat was approximately 5,
thus suggesting that 20% of the patients receiving opioids will benefit from
serotonin receptor antagonists. The effects of clonidine and promethazine were
promising but were based on limited patients. Agents like scopolamine and
propofol were not effective for opioid-induced nausea and emesis.

Several other agents such as prochlorperazine, naloxone and nalmefene
were not included in the above meta-analysis studies. Initial clinical trials
involving these agents were promising [17—-19]. Prochlorperazine, a phenoth-
iazine, has been widely used as an antiemetic agent but its use for opioid-
induced nausea and emesis has to be further studied. Naloxone and nalmefene,
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Table 1. Antiemetic agents for the management of opioid-induced nausea and emesis

Agents Mechanism Dose/day, mg Prophylaxis Treatment  Side effects
Droperidol Blocks D, receptors in 1.25-10 +++ ? Oversedation,
CTZ extrapyramidal
symptoms
Dexamethasone  Inhibits hypothalamic 0.5-11 +++ ? Wound infection,
prostaglandin synthesis delayed wound
healing
Metoclopramide  Blocks D, and 5-HT; 10-80 ++ +? Extrapyramidal
receptors symptoms
Ondansetron Blocks 5-HT;in CTZ 4-16 +? ++ Headache,
and vomiting center constipation

D, = Dopamine; 5-HT; = 5-hydroxytryptamine.

opioid antagonists, may have a place for the management of opioid-induced
nausea and emesis; however, more research is needed to establish their role.

In summary, research suggests that dexamethasone and droperidol are the
most effective agents to prevent opioid-induced nausea and emesis (table 1).
Metoclopramide is also effective as prophylactic therapy for opioid-induced
nausea and emesis. Serotonin receptor antagonists, especially ondansetron and
tropisetron, are promising for opioid-induced nausea and emesis but further
investigations are needed to establish their prophylactic effect. Although dex-
amethasone, droperidol and metoclopramide are effective, the adverse effects
profile of these agents should be considered in choosing antiemetic therapy.
Dexamethasone can cause wound infection and delay wound healing, whereas
droperidol can cause oversedation. Extrapyramidal symptoms and parkinson-
ism are some of the undesirable effects of metoclopramide.

Treatment

Although there is extensive literature on prophylactic antiemetic therapy,
there are very few studies investigating antiemetic agents for the treatment of
opioid-induced nausea and emesis. In a recent systematic review, Kazemi-
Kjellberg et al. [20] reported that only serotonin receptor antagonists were
tested adequately for the treatment of postoperative nausea and vomiting. The
data on other antiemetic agents for postoperative nausea and vomiting were also
very limited. Although several antiemetic agents are available for the treatment
[8-10], our literature review revealed that very few agents were adequately
investigated for the treatment of opioid-induced nausea and emesis [21-24].
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Only two antiemetic agents, ondansetron and metoclopramide, were studied
using randomized clinical trials for the treatment of opioid-induced nausea and
emesis.

In a study involving non-surgical patients, ondansetron 8 and 16 mg were
effective in controlling opioid-induced nausea and emesis [21]. Complete con-
trol of emesis was achieved in 62 and 69% of patients receiving ondansetron
8 and 16 mg respectively when compared with 46% in the placebo group. In addi-
tion, patients receiving ondansetron 16 mg also had reduced nausea; the 8-mg
dose did not achieve statistical significance. Also, patients receiving both 8 and
16 mg were more satisfied with their antiemetic therapy when compared to
patients receiving placebo. In another study involving cancer patients, efficacy
measures for both ondansetron 24 mg and metoclopramide 10 mg were not sta-
tistically significant when compared to placebo [22]. However, the study was
limited to a very small number of patients.

In a comparative trial involving surgical patients, ondansetron at doses
8 and 16 mg was significantly effective than metoclopramide 10 mg for nausea
and vomiting in postsurgical patients receiving opioid analgesia [23]. Complete
control of emesis with 8 and 16 mg of ondansetron was achieved in 63 and 61%,
respectively. In the metoclopramide group, emesis control was 48%. Both doses
were statistically significant in controlling nausea when compared to metoclo-
pramide. In another study, surgical patients receiving opioid therapy were
treated with 4 and 16 mg of ondansetron for opioid-induced nausea and vomit-
ing [24]. Significant control of emesis was achieved with both doses of
ondansetron when compared to placebo. Nausea and patient satisfaction scores
were also better for 16 mg group when compared to placebo.

In summary, several agents are used for the treatment of opioid-induced
nausea and emesis. However, the efficacy data based on the clinical trials for
these agents is lacking. Only two agents were adequately studied for opioid-
induced nausea and emesis (table 1). Research suggests that ondansetron
appears to be an effective agent to treat opioid-induced nausea and emesis in
both surgical and non-surgical patients. However, further research is needed to
establish the use of other agents, especially metoclopramide, for the manage-
ment of opioid-induced nausea and emesis.

Conclusions

Nausea and emesis are common and troublesome side effects of opioid
therapy. These symptoms can be a barrier to optimal patient outcomes in both
surgical and non-surgical patients. There are several approaches for risk reduc-
tion, prevention and treatment of opioid-induced nausea and emesis. Unlike
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postoperative nausea and vomiting, routine use of antiemetic agents to prevent
opioid-induced nausea and emesis may not be necessary as the incidence of
nausea and vomiting with opioid therapy is variable and less frequent.

If possible, the risk of nausea and emesis should be reduced in patients
receiving opioid therapy. This can include avoidance of medications that can
increase the risk. Antiemetic therapy should be used for prophylaxis in surgical
patients receiving opioid therapy since there is a high incidence of nausea and
emesis in postsurgical patients. Several antiemetic agents were examined for pro-
phylactic therapy. The studies strongly support the use dexamethasone and
droperidol for prophylaxis of opioid-induced nausea and emesis. Metoclopramide
is also effective for opioid-induced nausea and emesis but use of ondansetron as
prophylactic therapy is not supported.

In most non-surgical patients receiving opioids, antiemetic agents should
be used after the onset of nausea. Although several agents are being used, only
ondansetron has been proven to be effective in the treatment of opioid-induced
nausea and emesis in both surgical and non-surgical patients. Most of the
research in the area of opioid-induced nausea and emesis has focused on pro-
phylactic therapy, especially in surgical patients. Research on the treatment of
opioid-induced nausea and emesis is very limited. More research is needed to
examine the use of other antiemetics for the treatment of opioid-induced nau-
sea and emesis.
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Introduction

Postoperative nausea and vomiting (PONV) continues to be a common
side effect of surgery and anesthesia. With the change in emphasis from inpa-
tient to outpatient care, and the possibility of delayed discharge or unexpected
hospital admission, PONV has been called the ‘big little problem’ [1]. PONV
affects the economics of medical care, as well as the degree of patients’ satis-
faction, comfort and quality of life. PONV is often of greater concern to
patients than postoperative pain [2].

There is continuing interest in the prevention and treatment of PONV
because of: (1) an increase in ambulatory and office-based anesthesia; (2)
new anesthesia techniques and medications that help patients bypass the post-
anesthesia care unit (PACU); (3) the importance of postoperative care and
avoiding the postoperative complications of pain, nausea and vomiting; (4)
introduction of new antiemetics; (5) use of old and new antiemetic medications
and techniques, for combination and multimodal therapy, and (6) relative
ineffectiveness of the currently used antiemetics as monotherapy for PONV.

Although the efficacy of antiemetic therapy for prevention and treatment
of PONV has been frequently studied, it is not well understood. The best
approach for optimal prevention and treatment of PONV is not always evident.
This chapter will review: (1) the anatomy, neurophysiology and baseline risk
factors of PONV; (2) antiemetic medications in common use; (3) side effects
of antiemetic medications, and (4) comparison and use of antiemetics and tech-
niques alone, combined, or as multimodal therapy for prevention and treatment
of PONV.



Incidence of PONV

Considering all types of patient populations and surgical procedures, it is
estimated that PONV may have an incidence as high as 70-80% among certain
high-risk patients and surgeries. An overall estimate of PONV is approximately
20-30% of all adult surgical patients. Infants have approximately a 5% inci-
dence of postoperative vomiting (POV), which increases in children older than
3 years to an incidence of approximately 40%, peaking at puberty. During the
first 2h in the PACU, the incidence of nausea and vomiting are estimated to
occur in 20 and 5% of patients, respectively. For the following 2—24 postoper-
ative hours, nausea and vomiting are estimated to occur in 50 and 25%
of patients, respectively [3]. Although rare, severe, intractable nausea and
vomiting is one of the leading causes of unanticipated hospital admission and
is estimated to occur in approximately 0.18% of all postsurgical patients [4].
However, even patients with no PONV in the PACU may experience PONV
following discharge home and the initiation of opioid pain medications. In a
post-discharge survey conducted up to 5 days postoperatively with patients who
did not experience PONV in the PACU, Carroll et al. [5] determined that more
than 35% of patients who had no PONV in the PACU, experienced PONV
following discharge. This PONV can slow a patient’s return to normal daily
activities and affect patient satisfaction.

Mechanism for Nausea and Vomiting

Vomiting is the expulsion of gastrointestinal (GI) contents via the mouth.
Retching is labored, spasmodic, rhythmic contractions of the respiratory mus-
cles (diaphragm, chest, abdominal wall), that occurs with movement of the
stomach and esophagus without vomiting. While retching and vomiting are
objective patient responses, nausea is subjective and is an unpleasant sensation
associated with the urge to vomit [6].

Peripheral and central nervous system (CNS) mechanisms for nausea and
vomiting were proposed by Borison and Wang [7, 8]. The peripheral mecha-
nism involves GI stimuli of the vagus nerve. The CNS mechanism involves
stimulation of multiple emetogenic receptors in the area postrema, chemore-
ceptor trigger zone (CTZ), nucleus of the solitary tract, and vomiting center
(see figure 1 in chapter 1).

The CNS neuroemetic receptors that are involved with PONV include
dopamine D,, opioid, muscarinic, cholinergic, histamine and serotonin
(5-hydroxytryptamine, 5-HT;) receptors [9]. The area postrema contains 5-HTj;,
opioid and dopamine D, receptors [10—12]. In the nucleus of the solitary tract
are enkephalin, muscarine and histamine receptors [9, 13, 14]. Perioperative
stimuli cause the release of these CNS emetogenic chemicals, initiating the
vomiting reflex.
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The physiology of PONV involves peripheral stimulation via cranial nerve
(CN) VIII (acoustic-vestibular), CN IX (glossopharyngeal), CN X (vagus), and
the GI reflex [7, 9, 11, 15]. Afferent input to the area postrema occurs via
the glossopharyngeal and vagal nerves [10, 11]. The CNS areas associated
with vasomotor activity, balance and respiration are located near the vomiting
center. Stimulation and release of emetogenic chemicals from the CNS emetic
centers in turn stimulate the respiratory, vasomotor and salivatory centers. This
causes a response of the stomach, esophagus, diaphragm and abdominal mus-
cles [6], resulting in physiological reactions, such as, salivation, sweating,
tachycardia, tachypnea, cardiac dysrhythmias, dizziness and motion sickness
that are frequently observed with PONV [6, 16]. Blockade of the central recep-
tors and the peripheral reflex is hypothesized to be the mechanism of action of
the currently used antiemetics [15].

With multiple CNS receptor sites available to cause PONYV, single
drug antiemetic therapy has not been 100% effective for all patients and all
types of surgical procedures. Compared to chemotherapy-induced nausea and
vomiting (CINV), the etiology of PONV is more complex, multifactorial, and
involves patient-, medical- and surgical-related risk factors. One of the goals
of antiemetic therapy in order to effectively prevent and/or treat PONV is to
determine the efficacy and safety of antiemetic interactions as well as to
decrease the patients’ baseline risk of developing PONV [17, 18].

PONY Risk Factors (table 1)

Medical-Related Risk Factors

Patients with a history of motion sickness may have PONV due to stimu-
lation of the acoustic-vestibular nerve (CN VIII) secondary to endolymph
movement in the semicircular canals [19]. Metabolic causes of nausea and
vomiting include diabetes, uremia, electrolyte imbalance (sodium, potassium),
chemotherapy, radiation therapy and the hormonal variations in estrogen or
progesterone that occur during pregnancy (hyperemesis gravidarum) [6, 20].
Intracranial causes of nausea and vomiting occur secondary to increased
intracranial pressure causing direct CNS pressure and stimulation of the vom-
iting center [2, 19, 20]. Sensory stimulation also may occur secondary to
inflammation of the airway, posterior pharynx, abdomen, GI tract, kidneys,
bladder, testes or cervix, initiating the nausea and vomiting reflex [15, 20-23].

Anesthesia-Related Risk Factors
Opioid use in the pre-, intra-, or postoperative periods increases the base-
line risk for PONV by stimulating opioid receptors in the area postrema [24—26].
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Table 1. PONV risk factors

Patient-related factors

Females > 3 X males

Prior history of motion sickness or PONV

Non-smoking history

Pediatric patient: 3—16 years

Concomitant medical problems (diabetes, bowel obstruction, etc.)
State of fluid hydration (hypovolemia)

Anesthesia-related factors
Inhalation anesthetics
Nitrous oxide

Opioid analgesics

Surgery-related factors (type/area of surgery)

Laparoscopy Shoulder
Mastoid-inner ear Breast
Intra-abdominal Testicle/scrotum
Strabismus repair

Tonsillectomy

Oral, plastic, ENT procedures (swallowing of blood)

Postanesthesia care unit-related factors
Patient movement (vestibular changes)

Hypovolemia (orthostatic hypotension)

Pain

Postoperative patient movement causes changes of endolymph in the inner ear,
increasing the incidence of opioid-induced emesis [23-25].

Ether and cyclopropane were highly emetogenic inhalation agents that had
a PONV risk as high as 75-80% [6, 26]. While inhalation anesthetics can cause
PONYV in the early 0- to 2-hour postoperative period, there appears to be no
difference in the incidence of PONV risk between desflurane and sevoflurane
or between these agents and isoflurane [27, 28]. Nitrous oxide (N,0) has been
shown to increase PONV risk by direct stimulation of the vomiting center and
sympathetic nervous system [29-32]. Peripheral N,O stimulation occurs by the
distention of air containing spaces of the middle ear, GI tract and gallbladder
[33]. An increased incidence of PONV was determined in patients who received
anesthesia with N,O versus anesthesia without N,O in a meta-analysis of N,O
anesthesia studies [17, 29].

Intravenous (IV) hypnotics, such as propofol [34—37], methohexital [36]
and thiopentone [35], have less of an incidence of PONYV, compared to ketamine
[38, 39] or etomidate [40—42]. Reversal of muscle relaxants with an anti-
cholinesterase, such as neostigmine, has been shown to cause an increase in the
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incidence of PONV due to the muscarinic effects of these drugs that increase
GI motility [43].

Substituting glycopyrrolate for atropine does not affect GI motility. This
suggests that when anticholinesterases and muscarinic cholinergic antagonists
are given in the usual ratios, PONV may not be affected [6, 44]. Tramér and
Fuchs-Buder [45] determined that the crucial neostigmine dose causing
PONYV was 2.5mg. There was no evidence that smaller doses would have any
emetogenic effect and omitting reversal of neuromuscular block increased the
risk of residual muscle paralysis [17, 45].

Regional anesthesia alone has a lower incidence of PONV compared to
general anesthesia [6, 46]. However, regional anesthesia such as spinal or
epidural causing hypotension secondary to sympathetic blockade can cause
nausea, retching and/or emesis with an incidence of approximately 10-20%
[47, 48]. There is an increased incidence of nausea and vomiting when a sym-
pathetic block was achieved above the tenth thoracic (T;,) dermatome [48].
Nausea and vomiting also may occur during intra-abdominal GI manipulation
under regional anesthesia due to a direct tactile effect, decreased cerebral blood
flow (secondary to hypotension), increased GI atony, and vagal stimulation [48].

Postoperative pain can be a cause of PONV. Use of IV opiates has been
shown to both relieve and cause nausea in patients who have pain with nausea.
Opioid analgesia and nausea can be reversed with naloxone, resulting in a
return of pain with nausea [6, 49].

In the PACU, pain, opioids, patient movement, hemodynamic stability,
hypovolemia, orthostatic hypotension and the initiation of oral intake increase
a patient’s risk for developing PONV [50-54]. Patient movement and early
ambulation in the PACU increases baseline PONV risk due to stimulation of
the vestibular nerve causing motion sickness. Orthostatic changes may cause
hypotension and thereby decrease cerebral perfusion and blood flow to the
vomiting center [19, 52, 55]. Orthostatic hypotension can occur secondary to
dehydration caused by an aggressive preoperative bowel preparation, blood
loss or inadequate perioperative IV fluid replacement [6, 50]. Perioperative IV
fluid hydration with at least 20 ml/kg of crystalloid has been determined by
Suntheringham et al. [51] to decrease the possibility of postoperative nausea.
Intravenous fluid administration should maintain urine output between 0.5 to
1.0 ml/kg/h.

Patient-Related Risk Factors

Patient-related PONV risk factors may include age, weight, gender, non-
smoking history, past history of PONV or motion sickness and/or exposure to
emetogenic drugs, pain, concomitant medical problems, state of fluid hydra-
tion, orthostatic hypotension and CNS pathology [6, 16, 54—61].

Prevention and Treatment of PONV 125



The use of evidence-based medicine has helped define the patient-related
baseline risk factors for PONV. Systematic reviews and meta-analyses have
yielded important conclusions from the analysis of multiple randomized
controlled trials with large numbers of patients. Tramer [17] has used meta-
analysis and the concepts of number needed to treat (NNT) and number needed
to harm (NNH) as tools that aid the clinical practitioner to easily compare and
analyze the degree of efficacy and adverse event rates, respectively, of different
medications (fig. 1). Trameér uses as an example that if a perfect response is
defined as 100%, then a 20% response gives an NNT of 5 (100% divided by
20%) and 5 patients need to receive a prophylactic antiemetic for one to not
have PONV who would have done so had they received no treatment at all or a
placebo. Similarly, a NNH of 36 refers to the fact that 36 patients would have
to receive the medication for one patient to show an adverse event.

The baseline PONV risk of patients can be estimated from previous studies
and meta-analyses. There is a threefold increased PONYV incidence in patients
with a history of PONV or motion sickness [59—61]. Female patients have a two
to three times greater PONV incidence than males [6, 22, 23]. In adults, there
is a correlation between increasing age and decreasing incidence of PONYV, with
a lower incidence of PONV in geriatric patients [6, 52, 54].

PONV studies in pediatric patients are limited to vomiting (objective data)
and not nausea (subjective response). One of the main parental postoperative

Fig. 1. Number-needed-to-treat (NNT) of antiemetics used for PONV and number-
needed-to-harm (NNH) of antiemetics used for PONV. A4 The endpoint is prevention of
nausea or vomiting, within 6h after surgery (‘early’ efficacy) or within 24 h after surgery
(‘late’ efficacy). Thus, for each intervention, antinausea and antivomiting efficacy can be
interpreted separately, as well as short-term and long-term efficacy. Symbols are numbers-
needed-to-treat to prevent nausea or vomiting. Areas of symbols are plotted proportional to
the number of analyzed patients. Horizontal bars are 95% confidence intervals. The upper
boundary of the 95% confidence interval around the number-needed-to-treat places the
treatment in the least favorable light. If this upper limit lies within what would be considered
to be the minimal clinically relevant effect (for instance, a number-needed-to-treat of 5 to
prevent PONV), the result indicates a definitely useful treatment. B The number-needed-to-
harm is the number of patients needed to be treated with the intervention for one to show
an adverse reaction, who would not have shown this reaction had they not received the
intervention. Symbol areas are fixed, and no confidence intervals are shown. The reason is
that some numbers-needed-to-harm are based on a limited number of patients who showed
the adverse drug reaction. Yet these numbers-needed-to-harm may be clinically relevant.
Statistical significance was arbitrarily set at p < 0.05. Black symbols represent adverse
drug reactions which happened statistically significantly more often with the intervention.
White symbols indicate absence of statistical significance. Printed with permission from
Tramer [17].
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complaints and the leading cause of readmission of children is postoperative
vomiting (POV) [6, 56, 57]. Before puberty, there are no differences in the POV
incidence between boys and girls. The POV incidence in children decreases
after puberty. As the incidence of POV in children is two times that of adults,
more children than adults will need POV prophylaxis. However, overall, the
POV baseline risk factors in children are the same as adults [62, 63].

Anxiety can cause PONV due to hyperventilation, air swallowing and
o -adrenergic mechanisms that increase plasma epinephrine and norepineph-
rine levels [21, 52]. Obesity is controversial as a risk factor, but there appears
to be a positive correlation between body weight and postoperative emesis [6].
This increase in PONV may be due to increased drug deposition in adipose
cells, increased residual gastric volume, or increased esophageal reflux, as well
as gallbladder and GI disease in obese patients [6, 64]. In addition, obese
patients may have more PONV secondary to an overall lower total mg/kg dose
of antiemetic, which is achieved when a fixed dose is administered, especially
to patients weighing more than 80kg. Many antiemetic studies have been
conducted in adult patients who weighed between 40 and 80 kg. Non-smoking
history increases PONV, as patients with a strong smoking history have less
PONYV possibly secondary to sensitization to nicotine and other carcinogen
toxins in smoke. Tobacco smoke is thought to induce the liver CYP1A2 P,s
enzyme. Use of opioid analgesics increases PONV risk secondary to stimu-
lation of CNS opioid neuroreceptors [6, 23].

Surgery-Related Risk Factors

There is a higher risk of PONV in adults following eye, oral, plastic, ear,
nose, throat (ENT), dental, head and neck, gynecologic, obstetric, laparoscopic,
shoulder, varicose vein stripping, breast and abdominal procedures (table 1)
[6, 16, 22, 23, 25, 65—68]. Oral, plastic or ENT procedures with an increased
occurrence of swallowed blood increase PONV risk, as blood is a very strong
emetogenic stimulus. Sinclair et al. [61] studied 18,000 ambulatory surgery
patients and found that patients undergoing gynecologic laparoscopy, dental
surgery, orthopedic shoulder operations, strabismus surgery, breast augmenta-
tion and varicose vein stripping operations had an increased PONV risk by
more than 15%. In children, there is an increased incidence of POV with spe-
cific operations, which include adenotonsillectomy, penile surgery, orchiopexy,
strabismus repair and hernia repair [16, 56, 57].

Duration of surgery is a risk factor. Sinclair et al. [61] estimated that
each 30-min increase in surgical time increased the risk of PONV by approxi-
mately 60%. Therefore, if the PONV risk in a patient is 10%, after 30 min, the
patient’s risk is increased to 16%; after 60 min, the risk is increased to 22%,
and so on.
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PONYV Risk Scores

Routine prophylaxis for PONV is neither necessary nor cost-effective for
all patients or all surgical procedures, as not all patients require prophylactic
antiemetics. Determining the underlying baseline PONV risk as low, medium,
high or extremely high is important for each specific patient population and
surgical procedure to help determine whether or not to choose prophylactic
antiemetic therapy, and if so, what therapy to choose. Low PONYV risk patients
may not benefit from prophylaxis and instead be at risk from the harmful side
effects of antiemetic medications. Tramér [18] concluded that there is a finite
risk of adverse drug reactions with most antiemetic interventions. This risk is
illustrated by the concept of NNH.

When analyzing randomized, controlled trials, a placebo control group is
necessary in antiemetic studies to determine the underlying baseline PONV risk
of the patient population being studied [17]. A placebo group with a high
baseline PONV incidence indicates that the study population is at high risk for
PONV. Conversely, a placebo group with a low baseline PONV incidence
indicates that the study group represents a population with a low PONV risk.
No antiemetic prophylaxis should be administered to patients at low risk for
PONV. Instead, antiemetic prophylaxis should be administered to patients at
moderate to extremely high risk for PONV [62].

PONV risk scores and treatment algorithms have been proposed to help
determine baseline PONV risk [59, 59a, 60, 69]. The data of Koivuranta et al.
[59a] was combined with that of Apfel et al. [60] to develop a simplifed PONV
risk score. This is a very useful, simple and easy-to-remember PONV risk
scoring system, which indicated four baseline PONV risk factors: (1) female
gender; (2) history of motion sickness or PONV; (3) non-smoking history,
and (4) use of postoperative opioids. When a total of 0, 1, 2, 3 or 4 of these risk
factors were present, the baseline risk of PONV was predicted to be approxi-
mately 10, 20, 40, 60 and 80%, respectively (table 2).

PONV Therapy Algorithms

Using the estimated baseline risk for PONV as a starting point, and via an
algorithm, Watcha [69] recommended the type of antiemetic medication to be
used as therapy for PONV prophylaxis and treatment (fig. 2). Low risk was
defined as <10%, mild to moderate risk as 10-30%, high risk as 30-60%, and
extremely high risk as >60%. In addition to the patient-related PONV risk factors
by Apfel et al. [60], Gan [59] used a PONV prevention/treatment algorithm which
included both patient and surgical risk factors (fig. 3). Based on their PONV
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Table 2. Guide to determine PONV risk — simplified risk score for predicting PONV
[adapted from 60]

Risk factors Total number PONV, % PONYV risk

of risk factors incidence

present

0 10 Low
Female gender 1 21 Mild
Hx PONV and/or motion sickness 2 39 Moderate
Non-smoker 3 61 High
Postoperative opioids 4 79 Extremely high

Risk factors are additive. T PONV incidence with T total number of risk factors.

Low risk . Rescue with OND 1mg
— » N hyl >
(<10%) © prophylaxis DOLA 12.5mg
Mild to
| | moderate | Prophylaxis DROP . | Rescue with OND 1mg or
risk " [1.25mg " | DOLA 12.5mg
(10-30%)
Estimated
risk of PONV
Prophylaxis DROP
| | Highrisk .| 1.25mg | Rescue with OND 1mg or
(30-60%) "| plus steroid "| DOLA 12.5mg
= metoclopramide
Extremely Prophylaxis DROP Rescue with
— high risk » 1.25mg »| metoclopramide
(>60%) plus steroid Phenothiazine, additional
plus OND 8mg(?) 5-HT, antagonist or
or DOLA 12.5mg antiemetic

Fig. 2. The cost-effective management of PONV flow diagram by Watcha [69]. Printed
with permission. Guidelines for the prophylaxis and therapy of PONV. A low, mild,
moderate, high and extremely high risk for PONV can be determined by the presence of
none, one, two, three or four of the following factors, respectively: (1) female gender;
(2) non-smoker status; (3) previous PONV or motion sickness; (4) opioid use from table 2
above. DOLA = Dolasetron; DROP =droperidol; OND = ondansetron; PONV = postoper-
ative nausea and vomiting. The FDA issued a ‘black box’ warning on December 5, 2001
regarding the risk of fatal cardiac arrhythmias associated with droperidol. See section on
butyrophenones on pages 135-136.
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Patient factors Surgical factors
Female sex Laparoscopy
History of PONV Laparotomy
or motion sickness Plastic surgery
Non-smoker Major breast surgery
Postoperative opioid use Craniotomy

Otolaryngologic procedures
Strabismus surgery

v v v
Mild to moderate risk Moderate to high risk Very high risk
20-40% 40-80% >80%
1-2 factors present 3-4 factors present >4 factors present
Any one of the following: Droperidol plus Combination antiemetics
Droperidol serotonin antagonist plus
Dexamethasone or total intravenous
Scopolamine Dexamethasone plus anesthesia with propofol
Serotonin antagonist serotonin antagonist N~

Fig. 3. PONV flow diagram by Gan [59]. Printed with permission. PONV indicates post-
operative nausea and vomiting. Percentages denote risk of developing PONV. Consideration
should be given to avoid patient and surgical risk factors associated with PONV and other
strategies (lower box) to further reduce the incidence. 5-HT; antagonists may be preferred
antiemetics in operative settings where nursing labor costs are directly related to the length of
postanesthesia care unit stay.

predictive scoring system [60] and algorithms [59, 69], the clinical practitioner
can choose whether or not to use an antiemetic for prophylaxis and/or
treatment, and if so, what antiemetic to use. Antiemetic choices may include
droperidol, dexamethasone, scopolamine, a 5-HT; receptor antagonist or a
combination of these. For patients at low risk, no antiemetic prophylaxis was
recommended unless these patients are at risk of medical sequelae from PONV.
These patients can be rescued in the PACU with a 5-HT; receptor antagonist as
needed [62].

As the causes of PONV are complex and multifactorial, routine antiemetic
monotherapy for prophylaxis has not been 100% effective for all patients and
all types of anesthesia and surgeries. A combination of antiemetics from differ-
ent drug classes that block different emetic receptors or a multimodal manage-
ment approach may be necessary to improve antiemetic efficacy and/or treat the
difficult PONV patient. In the PONV algorithms, the more costly 5-HT}; recep-
tor antagonists were generally reserved for rescue therapy, except for pediatric
and adult patients who are at moderate to extremely high risk (>60%), when a
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5-HT; antagonist can be included in the prophylactic combination therapy
approach (fig. 2, 3) [59, 62, 69].

Antiemetic Drug Classes

The classes of commonly used antiemetic medications for PONV include
anticholinergics, antihistamines, phenothiazines, butyrophenones, antidopamin-
ergics, 5-HT; receptor antagonists, sedative/anxiolytics and steroids [6].
Medications that may be effective as prophylactic antiemetics for nausea and
vomiting may be ineffective for the freatment of vomiting. An example is
droperidol, which is more effective for nausea, while the 5-HT; antagonists are
more effective for vomiting. Antiemetic medications that are used for prophy-
laxis and treatment in adults and children are listed in table 4.

Anticholinergics

Anticholinergic medications inhibit cholinergic and muscarinic receptors in
the pons and cerebral cortex [13]. Atropine and scopolamine are tertiary amines
that cross the blood-brain barrier and are effective against motion sickness and
PONYV [26, 58, 70]. Both scopolamine and atropine appear to be more effective
against motion-induced vomiting than motion-induced nausea. Concurrent pre-
medication with atropine or scopolamine administered with opioids decreases
the risk of PONV compared to using opioid premedication alone without anti-
cholinergics. When used as premedication with morphine, scopolamine has
more antiemetic efficacy compared to atropine [71]. Scopolamine blocks
impulses from the vestibular center to higher areas in the CNS, reticular activat-
ing formation and vomiting center. Scopolamine is believed to be effective by
altering the CNS imbalance of norepinephrine and acetylcholine that occurs in
patients with motion sickness [70, 72]. Glycopyrrolate is a quaternary amine that
does not cross the blood-brain barrier and as such does not appear to have
antiemetic or antimotion sickness effects [71].

Prophylactic transdermal scopolamine (hyoscine) is more effective for
prevention of motion sickness than PONV [70, 71]. To be effective for PONYV,
scopolamine 1.5 mg transdermal must be placed the previous night or at least
4h prior to the end of surgery due to its delayed onset of effect [72, 73].
Prophylactic transdermal scopolamine patches have been shown to be effective
in preventing PONV due to opioids such as epidural morphine [74, 75].
However, as the emetogenic properties of opioids such as morphine have a
longer duration of action than the antiemetic properties of scopolamine, delayed
nausea and vomiting may occur when scopolamine’s antiemetic effect wears
off [74, 75]. Side effects of anticholinergic medications may include sedation,
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Table 3. Commonly used antiemetic medications and their side effects

Anticholinergics

Atropine Dry mouth

Scopolamine Dysphoria

Phenothiazines

Promethazine Sedation

Prochlorperazine Hypotension

Chlorpromazine Dry mouth

Antihistamines

Diphenhydramine Sedation

Promethazine Dry mouth

Cyclizine

Hydroxyzine

Butyrophenones

Droperidol Sedation, hypotension, dysphoria
Extrapyramidal symptoms, ECG effects

Benzamides

Metoclopramide Extrapyramidal symptoms

Steroids

Dexamethasone Delayed wound healing; postoperative

infection (at high doses). These side
effects have not been reported at lower,
single doses used for PONV
5-HT; antagonists

Ondansetron Headaches/dizziness

Granisetron

Tropisetron

Dolasetron

dry mouth, blurred vision, mydriasis, urinary retention, hallucinations, CNS
excitation, memory loss, confusion and disorientation, especially in the elderly
[73, 75] (table 3). Scopolamine is medically contraindicated in patients with
cardiac disease and glaucoma, enlarged prostate and intestinal obstruction.

Phenothiazines

Phenothiazines (chlorpromazine, promethazine, prochlorperazine and
thiethylperazine) are used as major tranquilizers, sedatives or antiemetics.
These medications block dopamine D, receptors in the CTZ, have no effect on
gastric emptying, and are more effective for PONV than motion sickness
[76, 77]. Phenothiazines have a common tricyclic nucleus with an attached
chemical group at the No. 10 position that determines antiemetic efficacy [77].
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Table 4. Antiemetics used for PONV prophylaxis and
treatment in pediatric and adult patients

Pediatrics Adults
PONYV prophylaxis
Dimenhydrinate Transdermal scopolamine
Perphenazine Intramuscular ephedrine
Dexamethasone Metoclopramide
Ondansetron Dimenhydrinate
Dolasetron Promethazine
Droperidol Prochlorperazine
Droperidol
Dexamethasone
Ondansetron
Granisetron
Tropisetron
Dolasetron
PONYV treatment
Droperidol Droperidol
Ondansetron Promethazine
Dolasetron Metoclopramide
Intramuscular ephedrine
Ondansetron
Dolasetron
Tropisetron
Granisetron

Depending on the attached side chain, their chemical structure is either
aliphatic (chlorpromazine, promethazine) or heterocyclic (prochlorperazine,
perphenazine, thiethylperazine). Heterocyclic phenothiazines have a piperazine
ring at the No. 10 position of the tricyclic nucleus. Compared to the hetero-
cyclic phenothiazines, aliphatic phenothiazines are more effective for sedation
and less effective as antiemetics. The heterocyclic phenothiazines are more
effective antiemetics, but have a greater incidence of extrapyramidal side
effects, which include acute dystonia, akathesia, tardive dyskinesia and pseudo-
parkinsonism [77-81]. Treatment of the extrapyramidal side effects is to
discontinue the heterocyclic phenothiazine, administer diphenhydramine, and
switch to an aliphatic phenothiazine or a different antiemetic class. The
extrapyramidal side effects are less common when heterocyclic phenothiazines
are administered in combination with opiates [81].

Promethazine has a long duration of action, causes more sedation, and is
more effective for the prevention of motion sickness than for nausea and/or vom-
iting. Promethazine is considered to be one of the most effective phenothiazines
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for motion sickness. Its long duration of action makes it preferable to scopol-
amine [78]. Chlorpromazine is effective for PONYV, but not motion sickness and
has side effects of sedation and hypotension [80].

Prochlorperazine and perphenazine have similar antiemetic effectiveness;
however, perphenazine causes more sedation. Similarly, prochlorperazine and
promethazine have similar antiemetic effectiveness, but promethazine causes
more sedation. Perphenazine has been shown to be effective for opioid-induced
nausea and vomiting [81]. Because of their sedation side effects, the phenothi-
azines have limitations when used as antiemetics for outpatient surgery.

The neuroleptic malignant syndrome has been reported with the phenothi-
azines, as well as droperidol and metoclopramide. Patients with neuroleptic
malignant syndrome have hyperpyrexia, muscle rigidity, acidosis, autonomic
instability, agitation, altered mental status, and anticholinergic side effects that
include tachycardia, drowsiness, dry mouth and urinary retention [82].

Butyrophenones

The butyrophenones that have been used for PONV include droperidol and
haloperidol. Haloperidol and droperidol have similar PONV effectiveness to
the phenothiazines. These antiemetics block dopaminergic D, receptors at the
CTZ and area postrema. Droperidol and haloperidol also are a-blockers. Side
effects may include sedation anxiety, restlessness, hypotension and extrapyra-
midal syndrome [83]. Droperidol causes a dose-dependent prolongation of the
QT interval [84].

A recent United States Food and Drug Administration (FDA) ‘black box’
warning was issued in December 2001 advising physicians of the risk of fatal
cardiac arrhythmias occurring with even low doses of droperidol [85].
Physicians were advised to consider alternative medications for the therapy of
nausea and vomiting in patients who may be at high risk for developing cardiac
arrhythmias.

McCormick [86] reported that the FDA had examined its database for
evidence of cardiovascular events with droperidol around the world.
Approximately 100 unique reports of cardiovascular dysrhythmias with approx-
imately 20 unique reports of QT/QTc prolongation and/or torsades de pointes
were found. The FDA concluded that this indicated a greater cardiovascular risk
than was previously assumed. The FDA cautioned that even low droperidol
doses (0.625mg) should be used only when other first-line antiemetics were
ineffective. The results of the FDA review conflicted with the results of PONV
comparison studies conducted by Fortney et al. [87] and Tang et al. [88] whose
research concluded that droperidol was as safe and effective as ondansetron.

To determine if patients have a prolonged QTc interval, the FDA [85] rec-
ommended that prior to receiving droperidol, all patients should have a 12-lead
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ECG, with ECG monitoring to continue for 3 h after droperidol is administered.
Because of these strong recommendations, the international use of droperidol
has decreased. Further research is necessary to determine droperidol’s effect on
the ECG and its role as an antiemetic. Alternatives to droperidol include
diphenhydramine, hydroxyzine, scopolamine, chlorpromazine, promethazine,
prochlorperazine, the 5-HT; receptor antagonists, and dexamethasone,
depending on each clinician’s preference. A listing of drugs that may cause
a prolonged QT interval can be found in a regularly updated website, www.
torsades.org [89].

Chang and Rappaport [86a] reported that, ‘although the FDA study was
prematurely terminated because of significant neuropsychiatric adverse effects,
including dysphoria and anxiety, there were several findings of note.” They
report that ‘impressive QTc prolongations (approximately 80 ms from baseline)
were found in individuals following the 2.5-mg and the 5-mg doses, even though
only 7 and 3 subjects, respectively, received these doses. Compared to placebo,
the 0.625-mg dose did not appear to have a significant effect on QTc; however,
this cannot be considered a definitive finding as only 5 individuals were studied
at this dose.” Chang and Rappaport state that, ‘additional investigation will be
required to further define the relationship between QTc prolongation, potential
for dysrhythmia and various doses of droperidol. The FDA is now exploring
options to obtain data that satisfy regulatory standards for the demonstration of
safety and efficacy at doses lower than 2.5mg.’ Chang and Rappaport urge
practitioners to participate in the post-marketing safety assessment process by
reporting all potential drug-related adverse events. The web site www.fda.gov/
medwatch contains information on reporting adverse events [86a].

Droperidol had been shown to have similar antiemetic effectiveness
although with a slower onset of action than haloperidol and phenothiazines for
prevention and treatment of PONV [83]. Droperidol 5mg IM has been shown
to be equivalent in antiemetic effectiveness to haloperidol 2mg IM [90]. Even
though it has a shorter plasma half-life than haloperidol, droperidol has longer
antiemetic effectiveness (up to 24 h). However, haloperidol’s onset of action at
the dopaminergic D, receptors in the area postrema and CTZ is reportedly more
rapid than droperidol’s [91]. Both haloperidol and droperidol may cause
extrapyramidal side effects which include sedation, anxiety, hypotension and
restlessness, especially in young adults and elderly patients [91-94].

Benzamides

The benzamides (metoclopramide, domperidone, benzquinamide) block
dopamine D, receptors without antihistamine properties [95-97]. Metoclopramide
is a procainamide derivative, benzamide prokinetic drug that blocks central
dopamine D, receptors at the CTZ and area postrema and peripheral D, receptors
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in the GI tract. When used in low doses (10 mg), as for PONV, metoclopramide
has few side effects. High doses can cause extrapyramidal symptoms [97, 98].
Lower doses of metoclopramide (10 mg) are used for PONV compared to
CINV [83]. The antiemetic efficacy of metoclopramide has been controversial
due to different dosing, timing and types of surgery and anesthesia techniques
studied. Antiemetic effectiveness has been reported for the control of PONV in
the immediate postoperative period when metoclopramide’s prokinetic gastric
effects increase lower esophageal sphincter tone and gastric motility and coun-
teract the delayed gastric emptying effects of opioids [95, 98]. Because of its
short duration of action (1-2h), low doses of metoclopramide such as 10 mg
does not appear to be as effective for PONV prevention when administered
prior to the start of anesthesia. While some studies have shown PONV efficacy,
a meta-analysis by Henzi et al. [99] has shown that metoclopramide at the doses
used for PONV is ineffective as an antiemetic. However, a study by Quaynor
and Raeder [99a] determined that metoclopramide 20 mg IV given at the end of
laparoscopic cholecystectomy resulted in a similar incidence of PONV com-
pared to ondansetron 8 mg I'V. This topic is discussed elsewhere in this book.

Antihistamines

Antihistamines (diphenhydramine, dimenhydrinate, hydroxyzine, cyclizine)
are effective for the therapy of vertigo, motion sickness and control of emesis
following middle ear surgery [79, 100, 101]. Antihistamines block acetyl-
choline in the vestibular system and histamine H; receptors in the nucleus of
the solitary tract [14]. They are the drugs of choice for the control of emesis
following middle ear surgery [6].

Antihistamines have antisialogogue and sedative effects making them useful
for premedication when combined with opioids and/or hypnotic agents. The dose
of opioid and hypnotics should be decreased when used concurrently with
antihistamines so as to not delay recovery. Cyclizine has similar effectiveness to
promethazine in preventing and treating both the PONV and motion sickness
caused by opioids. However, excess sedation from cyclizine can be a side effect,
prolonging anesthesia and PACU recovery [100]. The main side effects of anti-
histamines are sedation, blurred vision, dry mouth and urinary retention [101].

Hydroxyzine has anticholinergic, antihistamine and bronchodilatory
effects that are useful for the treatment of motion sickness, vertigo and PONV.
Hydroxyzine has antisialogogue and sedation side effects, which make it a good
premedication when combined with opioids to supplement their analgesic
effect [102].

Benzodiazepines
In adults and children, benzodiazepine premedication (midazolam,
lorazepam) appears to have an antiemetic effect [103—105]. Benzodiazepines
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help decrease patients’ anxiety associated with surgery and anesthesia, thereby
decreasing nausea and vomiting. Benzodiazepines are believed to achieve this
by a decreased a-adrenergic effect, decreasing plasma catecholamines and
thereby anxiety [106].

Steroids

While the antiemetic action of steroids is unknown, proposed mechanisms
include prostaglandin antagonism, tryptophan depletion, decrease in serotonin
brain levels, endorphin release, psychological effects and anti-inflammatory,
membrane-stabilizing effects. Chronic treatment with large doses of steroids
has been implicated in postoperative infection and delayed wound healing.
However, a single small steroid dose does not appear to have these side effects.
Two reported common adverse events of dexamethasone following IV dosing,
have been cutaneous flushing and perineal itching, which were thought to be
due to phosphate in the solution [107].

The plasma half-life of dexamethasone is approximately 4—4.5 h. It is also
estimated that 4-5h are necessary for dexamethasone to be an effective
antiemetic for PONV [108]. While the PONYV effective dose of dexamethasone
has been 8—10mg IV [108], doses as small as 2.5-5 mg IV have been shown to
have similar PONV efficacy when administered prior to the induction of anes-
thesia [109, 110].

Timing of dexamethasone administration has been shown to be important
in regard to PONV antiemetic effectiveness. Asboe et al. [111] determined that
betamethasone 12mg IM when given prior to the start of general anesthesia
for ambulatory foot or hemorrhoid surgery produced less PONV and postoper-
ative pain in the first 24 h following surgery. Aouad et al. [112] conducted a
comparison study between dexamethasone 0.5 mg/kg IV and placebo at the
start of tonsillectomy surgery. Fewer patients who received dexamethasone had
emesis in the PACU and on the floor compared to the placebo group. Patients
who received dexamethasone also had a faster time to first oral intake and a
shorter duration of IV hydration on the floor.

Dexamethasone 1mg/kg IV was determined by Pappas et al. [113] to
significantly decrease the incidence of PONV in children age 2—12 years under-
going tonsillectomy when administered after a mask inhalation induction and
before the start of surgery. Wang et al. [114] determined the optimal time of
dexamethasone administration by comparing the onset of early versus late
PONV. They compared dexamethasone 10 mg IV versus placebo when adminis-
tered before anesthesia induction versus the end of surgery. When administered
before induction, dexamethasone was effective in controlling PONV at 0—2h in
the PACU and at 2-24 h on the floor. When administered at the end of surgery,
dexamethasone was effective at 2—24 h on the floor but not at 0-2 h in the PACU.
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5-HT; Receptor Antagonists

Worldwide, the commonly used 5-HTj; receptor antagonists are ondansetron,
tropisetron, granisetron and dolasetron. Three new 5-HT; receptor antagonists
currently under investigation are ramositron, azosetron and palamosetron.

The 5-HT; receptor antagonists have a similar chemical structure com-
pared to serotonin. Serotonin’s chemical structure has a six-ring carbon- and
five-ring nitrogen-based nucleus. Tropisetron, granisetron, dolasetron and
ondansetron all share a similar basic nucleus chemical structure with a differ-
ent attached side chain (see figure 1 in chapter 3). This chemical nucleus may
be hypothesized to be the binding site of the 5-HT; receptor antagonist and the
serotonin receptor.

Because the 5-HT; receptor antagonists did not have the side effects of the
commonly used antiemetics and did not affect laboratory tests or cause drug
interactions with other medications, their discovery was considered to be a
major advance for the treatment of nausea and vomiting. Headache and dizzi-
ness were the most commonly reported side effects of the 5-HT; receptor antag-
onists at the doses commonly used for PONYV, but were believed to be mild in
nature and easily treated with minor analgesics.

In evaluating antiemetics PONV effectiveness, it is important to determine
the percent change in efficacy of the study medication compared to placebo, as
in nearly all cases, patients have a placebo response. The baseline PONV
placebo response rate is often the only indirect indicator of underlying baseline
PONV risk. A higher placebo response indicates a high degree of PONV risk
in the population studied. Conversely, a low placebo response indicates a low
degree of PONV risk. With the introduction and use of the 5-HT; receptor
antagonists, many randomized, controlled trials have determined an improve-
ment in PONV efficacy of only 20-30% above the placebo response when
single-agent, monotherapy is used for prophylaxis of PONV.

Ondansetron

Ondansetron was the first 5-HT; receptor antagonist to be evaluated and
approved for PONV. Ondansetron has a peak plasma concentration of 60—90 and
20-30min after PO and IV administration, respectively. In normal volunteers, its
elimination half-life was 4 h. Metabolism is via CYP2D6, 2E1, 1A1, 1A2, 3A4
P4so hepatic enzymes with 60% excreted in urine and 25% in feces [115].

The ondansetron 8-mg oral dose was determined by Kenny et al. [116]
to be the lowest optimal effective dose for prevention of PONV in female
inpatients having gynecological surgery. For PONV prophylaxis, ondansetron
8 or 12mg was given orally 1-2h prior to surgery and improved PONV effi-
cacy by 19-23% above the placebo response. McKenzie et al. [117] reported
the effectiveness of IV ondansetron for the prevention of PONV following
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outpatient gynecologic laparoscopy. Prophylactic ondansetron 4 and 8 mg IV
improved PONV efficacy by 16-30%. The optimal ondansetron dose was deter-
mined to be 4mg IV given at the start of anesthesia. Scuderi et al. [118] con-
ducted an IV treatment study and determined that all ondansetron IV doses (1, 4,
and 8 mg) significantly reduced PONV compared to placebo for the 24-hour
period following antiemetic treatment in the PACU. Ondansetron 4mg IV has
been used as the optimal dose for treatment of PONV. However, the minimally
effective treatment dose with a 5-HT; antagonist appears to be less than the
PONYV prevention dose. A meta-analysis of ondansetron doses used for treatment
of PONV determined that a lower dose of 1 mg IV was effective [119].

In a male-only study by Kovac et al. [120], ondansetron 4 mg IV admin-
istered prior to the induction of outpatient anesthesia was determined to
be an effective dose for PONV prevention. In children older than 2 years,
0.1 mg/kg orally was effective for prevention [121] and 0.1 mg/kg (<40kg) and
4mg (=40kg) IV for treatment [122]. Ondansetron 0.1 mg/kg (up to a maxi-
mum 4.0 mg in a 40-kg patient) was determined to be the optimal pediatric dose
for PONV. Recommended dosing for ondansetron is shown in table 5.

Initially the PONV prevention studies [117, 120] with IV ondansetron
were administered prior to the start of anesthesia. Sun et al. [123] and Tang
et al. [124] investigated ondansetron’s PONYV efficacy when administered at the
end of surgery. Both studies determined that ondansetron 4 mg IV was signifi-
cantly more effective when administered at the end of surgery rather than prior
to anesthesia induction.

Ondansetron has been evaluated for the IV treatment of PONV secondary
to postoperative opioid administration following regional anesthesia.
Ondansetron 4 mg IV was determined by Rung et al. [125] to be effective for
the treatment of opioid-induced PONV.

Granisetron

Granisetron has a peak plasma concentration following oral and I'V admin-
istration of 60-90 and 30min, respectively, with an elimination half-life of
6.3 h. Granisetron is metabolized by the CYP3A P45, hepatic enzyme subfamily
(CYP3A3/4, CYP3AS, CYP3A7) and excreted 49% and 36% in urine and
feces, respectively [126]. Granisetron IV has been shown to be effective for the
prevention [127-131, 133-135] and treatment [132] of PONV. Mikawa
et al. [127] reported that granisetron administered prophylactically IV was
effective in female patients undergoing gynecological surgery. At the start of
anesthesia, patients received either IV granisetron 2, 5, 10, 20 p.g/kg or placebo.
Granisetron was found to significantly decrease the incidence of PONV at
doses =5 pg/kg IV. The 5 pg/kg granisetron dose (which would be 0.35 mg for
a 70-kg patient) was determined to be the optimal dose for prevention of PONV.
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Table 5. Recommended dosing of antiemetic agents [135a]. Reprinted with permission

Class Drug Route Initial average dose Frequency/timing Adverse effects
Anticholinergics  Scopolamine M, IV Adult: 0.2-0.65mg q6-8h Sedation, dry mouth,
TD patch Adult: 1.5mg q72h (apply 4h restlessness, central
before exposure) cholinergic syndrome
Phenothiazines ~ Chlorpromazine M, IV Adult: 25-50mg q4-6h Sedation, EPS,
Child: q6—-8h hypotension,
0.5-1.0 mg/kg/dose restlessness,
Max.: 5-12y anticholinergic
(22.7-45.5kg): syndrome
75 mg/day
Max.: <S5y (22.7kg):
40 mg/day
PO Adult: 10-25mg q4-6h
Child: q4-6h
0.5-1.0 mg/kg/dose
Promethazine IM, IV, PO Adult: 12.5-25mg q4-8h Sedation, EPS,
Child: (<12y) q6-8h hypotension,
0.25-0.5 mg/kg restlessness,
anticholinergic
syndrome
Perphenazine M Adult: 2.5-5mg q6h Sedation, EPS,
v Adult: 1 mg ql-2min (max. 5mg) hypotension,
PO Adult: 2-4mg q4—-6h restlessness
Prochlorperazine IV Adult: 2.5-10mg Sedation,
(max. 40 mg/day) EPS, hypotension,
restlessness
IM, PO Adult: 5-10mg q3—4h
M Child: q4-6h
0.1-0.15 mg/kg/dose
PO Child: (<10kg):
0.5mg/kg/24h
in 3—4 divided doses
Antihistamines Cyclizine M, 1V, Adult: 25-50mg q4-6h Sedation, dry
PO mouth, restlessness
Hydroxyzine PO Adult: 25-50mg q6h Sedation, dry
mouth, restlessness
™M Adult: 25-100 mg At start of Do not give IV
anesthesia or SC (significant
anticholinergic effects)
Diphenhydramine IM, IV Adult: 10-50mg q2—4h Sedation, dry
(max. 300 mg/day) mouth, restlessness
PO Adult: 25-50mg q6-8h
Butyrophenones  Droperidol IM, IV Adult: 0.625-2.5mg At start of Sedation, hypotension,
(prevention) anesthesia EPS, restlessness,
Adult: 0.625-1.25mg neurolyptic malignant
(treatment) syndrome
Haloperidol v Adult: 7 pg/kg At start of
(prevention) anesthesia
M Adult 0.5-4mg 15 min before
(prevention) anesthesia
Adult: 1.0mg
(treatment)
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Table 5 (continued)

Class Drug Route Initial average dose Frequency/timing ~ Adverse effects
Benzamides Metoclopramide IV, IM  Adult: 10-20 mg (prevention) At end of surgery Sedation, restlessness,
Adult 10-20 mg (treatment) EPS
Domperidone IVIM  Adult: 4-10 mg (treatment) Sedation, restlessness,
EPS
Benzquinamide ™M Adult: 25-50mg 15 min before end Do not give IV
(0.5-0.75 mg/kg) of anesthesia (tachycardia,
hypertension, cardiac
arrhythmias)
PO Adult: 100mg q6—-8h
Corticosteroids ~ Betamethasone ™M Adult: 12 mg (prevention) At start of Adrenal suppression,
anesthesia wound healing
Dexamethasone IV Adult: 8 mg (prevention) At start of
anesthesia
5-HT; receptor ~ Ondansetron PO Adult: 8-16 mg 1-2h before Headache, dizziness
antagonists anesthesia
v Adult: 4mg (prevention) At start of
anesthesia
v Adult: 4 mg (treatment)
Child: 0.1 mg/kg (max. 4 mg)
[prevention and treatment]
Granisetron v Adult: 1 mg (prevention) At start or end of Headache, dizziness
anesthesia
v Adult: 1 mg (treatment)
Tropisetron v Adult: 5mg (prevention) At start of Headache, dizziness
anesthesia
v Adult: 2mg (treatment)
Dolasetron PO Adult: 100 mg (prevention) 1-2h before Headache, dizziness
anesthesia
v Adult: 12.5 mg (prevention) 15-30 min
before end of
anesthesia
v Adult: 12.5 mg (treatment)
PO Child: 1.2 mg/kg (max. 1-2h before
100 mg) [prevention] anesthesia
v Child: 0.35 mg/kg 15-30 min
(max. 12.5mg) [prevention before end of
and treatment] anesthesia
(prevention)

5-HT = Serotonin (5-hydroxytryptamine); EPS = extrapyramidal symptoms; IM = intramuscular; IV = intravenous;
max. = maximum dosage; PO = orally; qxh = every x hours; SC = subcutaneous; TD = transdermal.

Kovac 142



Wilson et al. [128] conducted a randomized, double-blind, dose-ranging
study to determine the optimal dose and safety of granisetron for PONV pro-
phylaxis on patients having an open cholecystectomy, open gynecological or
vaginal hysterectomy procedures. These patients received either IV granisetron
0.1, 1.0, 3.0 mg or placebo. Antiemetic prophylaxis with a single IV dose of 1.0
or 3.0mg resulted in a significant reduction in the numbers of patients who
experienced nausea and vomiting compared to placebo. Granisetron was
believed to be safe and well tolerated. The optimal granisetron dose for PONV
prevention was determined to be 1.0 mg IV (table 5).

Fujii et al. [129-131] conducted three studies on the prevention of PONV
following major gynecologic surgery comparing the effectiveness of
granisetron, droperidol or metoclopramide administered immediately prior to
anesthesia in female patients with a history of prior PONV [129], motion sick-
ness [130], or during menstruation [131]. Two studies compared the prophylac-
tic efficacy of IV granisetron 2.5 mg, droperidol 1.25mg or metoclopramide
10 mg in female patients with a history of postoperative emesis [129] and motion
sickness [130]. A third study by Fujii et al. [131] compared the prophylactic
antiemetic efficacy of IV droperidol 25 pg/kg, metoclopramide 0.2 mg/kg or
granisetron 40 pg/kg in women during menstruation. In all three studies,
granisetron was determined to be more effective than droperidol or metoclo-
pramide for the prevention of PONV.

Taylor et al. [132] conducted a dose-ranging IV treatment study compar-
ing granisetron versus placebo. All granisetron doses were found to be effec-
tive. Patients who received granisetron doses of 0.1, 1.0 or 3.0 mg experienced
no vomiting versus placebo (38, 46, 49 vs. 20%, respectively) in the first 24 h
following drug administration. The 0.1-mg granisetron dose was determined to
be the lowest effective dose for treatment of PONV. There was a linear and
statistically significant correlation between the control of vomiting and the
granisetron dose. Granisetron was determined to be well tolerated. The most
common adverse experiences were headache, pain, anemia and constipation.
However, the incidence of adverse experience was not different between the
granisetron and placebo groups. Other studies conducted by Fujii et al. [133,
134] in children determined that granisetron 40 pwg/kg IV was the effective
dose for POV prevention. Cieslak et al. [135] also conducted a POV preven-
tion study in pediatric patients and determined that granisetron was effective
in controlling vomiting. Recommended dosing of granisetron is shown in
table 5 [135a].

Tropisetron
Tropisetron is an indole compound with a chemical structure, efficacy, and
side effect profile similar to the other 5-HT; receptor antagonists. Tropisetron
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is metabolized by hepatic CYP2D6 P,s, enzyme. Due to polymorphism of this
enzyme, some patients are thought to metabolize tropisetron more rapidly
(ultrametabolizers) than other patients [135b]. Metabolic excretion of tropisetron
is approximately 80% in the urine and 15% in the feces.

Tropisetron has an elimination half-life of 8-12h [136] and has been
studied for prevention [137-139] and treatment [140] of PONV in adults.
Tropisetron has been found effective for prevention of PONV after breast [137]
and gynecologic surgery [138] when a 5-mg IV dose was administered prior
to the start of anesthesia [137, 138]. Zomers et al. [139] determined that tro-
pisetron 5mg was effective for prevention of PONV following gynecological
surgery. Alon et al. [140] determined that tropisetron 2 mg IV was the optimal
effective dose for the treatment of PONYV following a variety of abdominal and
non-abdominal surgeries (table 5).

Dolasetron

Dolasetron is a pseudopelletirine chemical compound that is converted
by the plasma enzyme carbonyl reductase to the active form which is
hydrodolasetron. This very rapid enzyme reaction results in a dolasetron half-
life of 9min, making dolasetron undetectable in the serum 2—4h after IV
administration. Peak serum concentrations of hydrodolasetron are found 30 and
60min after IV and oral administration, respectively. Hydrodolasetron is
metabolized by hepatic CYP2D6 and CYP3A P,s, enzymes with a plasma
half-life of approximately 7.1 (6.9-7.3) and 7.9 (7.2-8.1) h for the oral and IV
formulations, respectively. Hydrodolasetron is responsible for most (87%) of
the antiemetic effect of dolasetron. Metabolic excretion of dolasetron is 67% in
the urine and 33% in the feces [141, 142].

Warriner et al. [143] compared oral dolasetron 25, 50, 100 and 200 mg
administered 1-2h prior to anesthesia with placebo in 730 adult, female
inpatients. Oral dolasetron 100 mg administered 1-2h prior to surgery had a
statistical improvement above the placebo response. A similar oral dolasetron
prevention study was conducted by Diemunsch et al. [144]. With the
results of these two studies, the recommended prophylactic oral dose of
dolasetron was determined to be 100 mg administered 1-2 h prior to the start
of anesthesia.

The recommended timing of IV dolasetron for PONV prophylaxis is
15-30min before the end of surgery. Graczyk et al. [145] conducted a PONV
prevention study on the effect of IV dolasetron 12.5, 25 or 50 mg administered
at the end of surgery in 635 female outpatients undergoing laparoscopic gyne-
cologic surgery. The dolasetron doses were found to improve PONV efficacy
above placebo by 19-20%. Dolasetron 12.5mg administered 15-30min IV
before the end of surgery was determined to be the optimal dose.

Kovac 144



Kovac et al. [146] reported the results of 1,030 adults (722 females, 308
males) in an outpatient, dose-ranging (12.5, 25, 50, 100 mg) dolasetron IV
PONV treatment study. Dolasetron 12.5mg IV was determined to be the
optimal dose. With dolasetron 12.5mg IV, there was an improvement of 28%
above the placebo response for early emesis (0-2h), and 24% for late emesis
(2-24h). Diemunsch et al. [147] evaluated 337 adult male and female patients
in a dolasetron PONYV treatment study. Patients were treated with IV dolasetron
or placebo if nausea lasted more than 10 min or they had one emetic episode
within 2h in the PACU. All dolasetron groups were significantly superior to
placebo. The optimal dolasetron dose for treatment of established PONV was
determined to be 12.5mg IV [141].

The recommended oral dolasetron dose for PONV prevention in pediatric
patients 2—16 years old is 1.2 mg/kg up to a maximum dose of 100 mg and given
1-2 h before the start of surgery. The recommended IV dolasetron dose in pedi-
atric patients is 0.35mg/kg, up to a maximum dose of 12.5 mg administered
15 min before the end of anesthesia for PONV prevention, or as soon as nausea
or vomiting presents for PONV treatment [141, 142, 148]. Recommended
dosing of dolasetron is shown in table 5.

Non-Traditional Antiemetic Therapy

Ephedrine

Intramuscular (IM) ephedrine appears to be an effective alternative
antiemetic for PONV, especially when the PONV may be related to fluid dehy-
dration and orthostatic hypotension that may occur with position changes in the
PACU. Rothenberg et al. [149] compared ephedrine 0.5 mg/kg IM with droperi-
dol 0.04 mg/kg IM or saline IM. Ephedrine was determined to have similar effi-
cacy to droperidol and to have significantly more effectiveness than placebo,
without blood pressure or sedation side effects. Another study by Naguib et al.
[150] compared the effect of ephedrine 0.5 mg/kg IM compared to propofol
0.25mg/kg IV for the prevention of PONV following laparoscopic surgery.
Both propofol IV and ephedrine IM were determined to have better antiemetic
effectiveness without hemodynamic changes compared to placebo.

Propofol

Patients who receive propofol appear to have less PONV [151-154].
Subhypnotic IV doses of thiopentone 1.0 mg/kg IV versus propofol 0.5 mg/kg
IV was compared by Myles et al. [151] for antiemetic effectiveness at the
end of outpatient middle ear surgery. Propofol 0.5 mg/kg IV provided PONV
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prophylaxis against retching and vomiting for the first 6 h. While the antiemetic
effect of propofol is unknown, a plasma propofol concentration of 343 ng/ml
achieved with a 10-mg IV bolus followed by an infusion of 10 wg/kg/min was
determined by Gan et al. [153] to be necessary to obtain a 50% reduction
in postoperative nausea. Intraoperative IV propofol has been determined by
Gan et al. [154] to be as effective as ondansetron 4 mg IV in preventing PONV
during the first 6 postoperative hours.

PONV Comparison Studies

Studies have compared the antiemetic efficacy of the more traditional,
older antiemetics to the newer 5-HT; receptor antagonists. A comparison
PONYV prevention study by Sniadach and Alberts [155] compared droperidol
20 ng/kg IV versus ondansetron 4 mg IV administered prior to anesthesia for
outpatient gynecologic laparoscopy. They found similar antiemetic effective-
ness between droperidol and ondansetron, with no difference in sedation.
Fortney et al. [87] found similar conclusions comparing ondansetron 4 mg IV
with IV droperidol 0.625 and 1.25mg. Both droperidol doses had similar
antiemetic effectiveness as ondansetron 4 mg, and all antiemetics were signifi-
cantly better than placebo. The best antiemetic effectiveness was obtained with
droperidol 1.25mg IV, with no increase in sedation or other side effects. In
women undergoing inpatient minor gynecologic surgery, Grond et al. [156]
compared ondansetron 8§ mg IV with droperidol 2.5mg IV for PONV prophy-
laxis. More patients who received droperidol 2.5mg IV had no emesis com-
pared with the ondansetron 8§ mg group. Desilva et al. [157] compared IV
ondansetron 4 mg, droperidol 1.25 mg, perphenazine 5 mg and metaclopramide
10 mg for PONV prevention after major gynecological surgery. Metaclopramide
was found to be ineffective. While droperidol and perphenazine effectively
prevented nausea, droperidol, perphenazine and ondansetron prevented emesis.
Because of the lack of side effects, Desilva et al. [157] considered perphenazine
to be the best choice of the four antiemetics evaluated for prophylaxis follow-
ing total abdominal hysterectomy. A study conducted by Danner et al. [158]
between dolasetron and droperidol determined that dolasetron had similar but
not superior antiemetic efficacy compared to droperidol.

Korttila et al. [159] conducted an IV PONV prevention study comparing
dolasetron 25 mg, dolasetron 50 mg, and ondansetron 4 mg with placebo. All
study doses were administered prior to anesthesia induction. The dolasetron
50 mg and ondansetron 4 mg doses were determined to have similar antiemetic
effectiveness and were significantly more effective than dolasetron 25 mg or
placebo. The Korttila et al. [159] protocol design differed from other dolasetron
IV PONV prevention studies such as that of Gracyzk et al. [145] in which
dolasetron 12.5mg was administered 15-30min prior to the end of surgery.
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The timing of the dolasetron dose in the Korttila et al. [159] study was designed
to conform with the FDA approved pre-anesthesia induction dosing schedule of
ondansetron at the time the study was conducted.

Naguib et al. [160] compared ondansetron 4 mg, granisetron 3 mg, tro-
pisetron 5mg, metoclopramide 10mg and placebo in which all study doses
were administered IV at the start of anesthesia. Ondansetron, granisetron and
tropisetron were found to have similar antiemetic effectiveness, and all were
similarly more effective than metoclopramide and placebo.

Zarata et al. [161] compared PONV effectiveness and cost of IV
ondansetron 4 and 8 mg, and dolasetron 12.5 and 25 mg, in which all doses
were administered 30 min before the end of ENT surgery. These researchers
concluded that, after taking into consideration the factors of dose, cost and
operation of the ambulatory surgery center, dolasetron 12.5 mg IV had similar
PONV efficacy to the other study doses, but was more cost-effective than
dolasetron 25 mg and ondansetron 4 or § mg IV.

Walker [162] completed a PONV retrospective review of the medical charts
of 59 adult patients who had a total abdominal hysterectomy or laparoscopic
cholecystectomy and received either IV dolasetron 12.5 mg or ondansetron 4 mg.
Walker concluded that there was no significant difference in PONV efficacy
between of IV dolasetron 12.5 mg and IV ondansetron 4 mg for the prevention
of PONV.

Robertson et al. [163] conducted a comparative PONV treatment study in
92 patients between dolasetron 12.5 mg IV and ondansetron 4 mg IV following
outpatient surgery. On the basis of greater patient satisfaction and a lower
requirement for rescue antiemetic medications, these researchers concluded
that dolasetron 12.5mg IV had better efficacy than ondansetron 4mg IV
following treatment for PONV in the PACU.

Combination Antiemetic Therapy

The 5-HT; receptor antagonists have improved the therapy of PONV.
However, with only a 20-30% improvement in efficacy above the placebo
response, they have not been the complete solution for PONV when used as
monotherapy. The numerous emetic receptors and neurochemicals in the CNS
suggest that a combination and/or multimodal antiemetic approach would
help improve efficacy, especially in the moderate to extremely high risk or
difficult-to-treat PONV patient. The use of antiemetic combinations in pre-
venting PONV has become popular, as overall, the combination of antiemetic
medications acting at different emetogenic receptors has significantly improved
effectiveness compared to monotherapy acting at a single receptor.
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Combining the older antiemetics such as antihistamines, phenothiazines,
anticholinergics or butyrophenones had a disadvantage because of the additive
side effects such as hypotension, sedation, dry mouth and extrapyramidal
symptoms. Numerous studies [164—168] have determined the effectiveness of
the 5-HT; receptor antagonists when used in combination with other antiemet-
ics without these side effects.

McKenzie et al. [164-166] completed three combination antiemetic
studies and determined that the prevention of PONV was significantly more
effective when ondansetron was combined with dexamethasone compared
to ondansetron without dexamethasone. The combination of ondansetron
combined with droperidol was found to be more effective than with either
antiemetic alone. Similarly, Fujii et al. [167-169] combined granisetron with
droperidol or dexamethasone and determined that antiemetic effectiveness of
the combination was improved over using each antiemetic alone. Eberhart et al.
[170] conducting a meta-analysis of 26 randomized, controlled studies in 2,561
patients and determined that dexamethasone increased the efficacy of the part-
ner antiemetic drug.

Multimodal PONV Management

Often, even combination antiemetic therapy may not be effective for the
extremely high risk or difficult-to-treat PONYV patient. Following the principles
of pain management, combination antiemetic therapy and IV hydration, the
anesthetic management for the difficult PONV patient at high risk for PONV
has evolved into a multimodal PONV management technique. Simple
techniques, such as administering =80% oxygen to patients who are having
abdominal GI surgery [171], and adequate IV hydration (20 ml/kg) have been
found to be effective methods to lower the incidence of PONV and are an
important part of multimodal PONV management. An important finding by
Suntheralingham et al. [51] was that, in outpatient surgery of less than 2 h dura-
tion, patients who received a crystalloid infusion of 20 ml/kg IV had a lower
incidence of nausea at 30 and 60min post-PACU discharge, compared to
patients receiving the lower IV infusion rate of 2 ml/kg.

For the difficult PONV patient, a recommended multimodal approach to
lower the baseline PONYV risk is to avoid N,O, avoid reversal of muscle relax-
ants, use propofol for anesthesia induction and maintenance, limit opioids, use
non-steroidal anti-inflammatory drugs, administer oxygen at FiO, =80% and
use combination (double or triple) antiemetics [62]. For patients in whom an
initial dose of antiemetic for the prevention of PONV is ineffective, a repeat
dose of the same antiemetic should not be administered; instead, a change to an
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antiemetic of a different class is recommended. Kovac et al. [172] compared the
repeat PACU administration of ondansetron 4mg IV in whom preoperative
prophylactic ondansetron 4 mg IV had been ineffective. They determined that
the repeat ondansetron IV dose did not provide additional control of PONV
compared to placebo.

Scuderi et al. [173] compared the effect of multimodal PONV management
to monotherapy and to no therapy at all in laparoscopic cholecystectomy
patients. Group 1 received multimodal therapy of total IV propofol anesthesia
and remifentanil with no nitrous oxide or neuromuscular blockade. Intravenous
fluid hydration was administered using 25 ml/kg of crystalloid infusion, as well
as triple prophylactic antiemetic therapy of IV ondansetron 1mg, droperidol
0.625mg and dexamethasone 10 mg. The surgeons performed local anesthesia
infiltration at the incision site, and ketorolac 30 mg IV was administered at the
end of surgery. Group 2 received only ondansetron 4 mg IV for PONV prophy-
laxis. Group 3 received no PONV prophylaxis. The multimodal management
group (group 1) had no vomiting and only 1 patient had nausea. Groups 2 and 3
had a significantly higher incidence of nausea and vomiting. In addition, patients
in the multimodal group were discharged from the PACU earlier than the other
groups.

Adverse Side Effects Profile

Depending on the total dose administered and the frequency, the older,
more traditional antiemetics have adverse side effects. The butyrophenones
(droperidol) and phenothiazines (promethazine) may cause sedation, hypoten-
sion and/or extrapyramidal symptoms. The anticholinergics (scopolamine) and
antihistamines (diphenhydramine) may cause dry mouth, drowsiness, sedation,
and/or restlessness. The substituted benzamides (metoclopramide) may cause
extrapyramidal symptoms. The 5-HT; receptor antagonists as a class have been
found to be safe at the usual doses used for PONV, with no dose-related seda-
tion or extrapyramidal reactions and no effect on vital signs. The most common
side effects (in =2% of patients) of the 5-HT; antagonists have been relatively
minimal and include headache and dizziness [6, 174] (table 3).

ECG Effects of the 5-HT; Receptor Antagonists

Adverse pro-arrhythmic effects caused by the 5-HT; receptor antagonists
are not easy to determine in cancer patients receiving chemotherapy or patients
undergoing surgery. ECG changes of acute, asymptomatic, reversible, dose-
dependent prolongation of the PR, QRS and QTc intervals have been reported
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with dolasetron and the other 5-HT; antagonists. The 5-HT; antagonists as a
class block sodium and/or potassium channels [175]. Benedict et al. [176]
reported the ECG parameters in normal volunteers of IV dolasetron mesylate
compared to IV ondansetron and found a statistically significant increase in
QTc intervals with both 5-HT; receptor antagonists. These ECG effects appear
to be dose-related. Dolasetron was found to predominantly alter QRS duration,
indicative of ventricular depolarization, while ondansetron predominantly
caused prolongation of the JT interval, indicative of ventricular repolarization.
At the lower doses commonly used for PONV compared to CINV, and
compared to placebo, these reported ECG effects were believed by clinical
practitioners to be asymptomatic, minor, transient and not clinically significant.

Kuryshev et al. [175] evaluated the effect of ondansetron, granisetron
and dolasetron on human sodium and potassium channel inhibition using an
in vitro electrophysiological model. Drugs that block potassium channels may
cause a prolonged QT interval. Drugs that block sodium channels may cause a
widening of the QRS interval. Kuryshev et al. concluded that all the 5-HT;
receptor antagonists tested blocked human cardiac sodium channels. They
hypothesized that this could be clinically relevant when depolarized/ischemic
tissue or high heart rates are present. This appears to confirm that the ECG
changes of the 5-HT; receptor antagonists are a dose-dependent, class-related
effect whose relevancy depends on medical comorbidities, patient population,
dose administered, physical condition of patient, concurrent medications and
hepatic CYP2D6 enzyme metabolism [175].

The 5-HTj; receptor antagonists do not have drug interactions with the
commonly used anesthetics and do not prolong anesthesia or delay PACU
discharge. They have little or no affinity for other peripheral or central
receptors, including «, B, benzodiazepine GABA, dopamine D,, histamine or
other 5-HT receptors.

NK;-Receptor Antagonists

Initially, a new class of antiemetics, the neurokinin (NK,) receptor antag-
onists, or neurokinins, was expected to replace the 5-HT; antagonists. Because
substance P is the most likely endogenous ligand for the NK, receptor, the
development of non-peptide NK; receptor antagonists increased interest in
these compounds as antiemetics [177]. The NK,; antagonists were believed to
act at multiple sites of action in the CNS and in the periphery and have broad
antiemetic activity with a common NK; receptor-mediated link. Several initial
studies had determined effectiveness of the NK,; antagonists in chemotherapy
[178] and PONV [179].
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PONV Management Summary

Various factors relate to the etiology and incidence of PONV. These factors
are part of the patient, anesthesia, surgery and PACU management. Different
types of surgical procedures and anesthetics cause different degrees of PONV
risk. Common causes of PONV after PACU discharge are the initiation of oral
opioids and patient movement. No antiemetic is 100% effective for all surgeries
and patient populations. There may be a need to use different types or combi-
nations of antiemetics in different types of patients and surgical procedures. In
patients with a high risk for PONV, a combination or multimodal antiemetic
approach should be used considering efficacy, side effects and cost.

Routine antiemetic prophylaxis does not work in every patient and is not
needed for every patient. The decision of which prophylactic antiemetic to use
can be determined based on the analysis of the expected PONV frequency and
determining the PONYV risk. When costs were analyzed in comparative PONV
antiemetic studies, no difference in efficacy or cost savings were determined
when using the 5-HT; receptor antagonists alone versus droperidol, suggesting
that lower cost antiemetics should be the first choice for PONV management.
Further research is needed to determine the overall effects of new antiemetic
medications and lower emetogenic anesthesia techniques on issues of cost,
patient satisfaction, quality of life and outcome.

Overall, the 5-HT; receptor antagonists as a class are safe and well toler-
ated. The 5-HT; receptor antagonists as a class have similar antiemetic efficacy
and safety. Adverse events, when they occur, are usually mild, self-limiting,
transient and rarely require discontinuation of the drug. Headache is the most
common side effect (although <2%). Headache is frequently reported as mild
to moderate and easily treated with mild analgesics. Hemodynamic changes are
uncommon. The 5-HT; antagonists have no effect on vital signs (heart rate,
blood pressure, respiratory rate). ECG changes such as prolonged QT, interval
have been observed with all the 5-HT; antagonists as a class, but have been
judged to be dose-related and clinically insignificant at the doses commonly
used for PONV.

For low baseline PONYV risk patients, prophylaxis does not always give the
best efficacy. For patients with a low baseline PONV risk, it is recommended to
not use PONV prophylaxis but to treat in PACU if needed, as antiemetics used for
treatment of PONV are more cost-effective than if used for prevention. In order
to lower the baseline PONYV risk, for initial PONV management during the pre-
anesthesia, induction and intraoperative periods, one should consider regional
anesthesia, use anxiolytics such as midazolam, limit opioids and eliminate the
use of nitrous oxide. Use hypnotic medications such as propofol that allow a
slow, smooth recovery. Avoid or limit medications with high PONV potential
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Table 6. PONV management summary

Different surgeries and anesthetics have different baseline PONV risk potentials

Individual patients’ PONV risk can be unpredictable

Common PONV causes after PACU discharge are oral opioids and/or patient movement

No antiemetic medication or technique is 100% effective in all patients

Use antiemetics of a different class/receptor site if first antiemetic is ineffective

5-HT; receptor antagonists are important additions to therapy for PONV — they have
similar effectiveness and safety but differences in cost

Use combination multimodal antiemetic therapy in difficult PONV patients

Remember simple things: hypoxia, dehydration, orthostatic hypotension, motion, anxiety,
pain, swallowing of blood, etc. that can cause PONV

Review the weight of patient. Has an adequate dose of antiemetic been administered?

such as opioids, and use prophylactic antiemetics as indicated, based on
a PONV scoring system and estimated baseline PONV risk. Use the older
prophylactic antiemetic medications first and 5-HT; antagonists second for
moderate and extremely high-risk adult and pediatric patients based on a PONV
risk score. Give combination antiemetics at end of operation (except dexa-
methasone) rather than at induction (dexamethasone). Administer oxygen at
FiO, =80%, adequate IV hydration of 20-25 ml/kg, avoid hypotension, main-
taining blood pressure to decrease the chance of orthostatic hypotension.

For PONV management in the PACU, ensure pain control with the use of
pain medications such as opioids and/or non-steroidal anti-inflammatory
agents. Treat the simple things first. Ensure adequate oxygenation (=80%
FiO,), IV hydration, and avoid orthostatic hypotension. Avoid tight-fitting
oxygen masks, encouraging patients to breathe slowly and avoid hyperventila-
tion. Minimize patient movement, if possible, and avoid using unnecessary
oropharyngeal suctioning and oral airways, as these devices/techniques may
stimulate the gag reflex. Avoid the use of muscle relaxants and/or reversal of
neuromuscular block if possible. If needed, use of smaller doses of neostigmine
(<2.5mg) is recommended. Administer antiemetic medications as needed
depending on the degree of the patient’s PONV risk. The minimally effective
5-HT; antagonist treatment dose for PONV appears to be less than the PONV
prevention dose.

If PONV persists, one should consider additional antiemetic treatment
options. As most PONV studies for FDA new drug applications were performed
on patients who weighed between 40 and 80kg, a higher antiemetic dose
may be required if the patient weighs more than 80kg. Consider switching to a
different antiemetic class that acts at a different receptor site if the first
antiemetic was not effective. Evaluate the IV fluid status and consider an IV
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fluid challenge to avoid orthostatic blood pressure changes. Propofol 10-20 mg
IV or ephedrine 25-50 mg IM can be administered in the difficult PONV patient
to minimize or prevent further nausea and/or vomiting. Ensure adequate pain
relief and minimize the anxiety level of the patient. Use non-steroidal anti-inflam-
matory drugs such as COX-2 inhibitors or benzodiazepines such as midazolam if
needed. It is important to determine the type of surgery and whether blood has
been swallowed by the patient as blood in the stomach is a strong emetogenic
stimulus. If so, gastric suctioning is recommended (table 6).
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History of Metoclopramide

Metoclopramide (methoxychloroprocainamide) has been used as an
antiemetic for almost 40 years. The molecule was first described by Justin-
Besancon and Laville in 1964, and the first clinical trials on its efficacy were
published by Tourneu et al. in 1964 and by Boisson and Albott in 1966 [1].
Initially, metoclopramide was used as a treatment of nausea and vomiting in
association with migraine and severe headache. In this setting, the combination
of metoclopramide with an analgesic proved to be very efficacious with a short
delay of action. Later, metoclopramide was used for the control of sickness due
to radiation therapy and chemotherapy, and for the prevention and treatment of
postoperative nausea and vomiting (PONV). Today, metoclopramide is proba-
bly one of the most popular antiemetic drugs in anesthetic practice. It is sold as
Primperan (France, Switzerland), Paspertin (Germany, Switzerland), Maxolon
(UK), and Reglan (USA).

Pharmacokinetics

After oral administration, the peak plasma concentration of metoclo-
pramide is reached after about 1h [2]. After rectal administration, the peak
plasma concentration is delayed (1-3 h) due to an incomplete absorption [3].
The average bioavailability of oral metoclopramide is about 50% with an impor-
tant interindividual variability. This variability is probably due to individual dif-
ferences in the hepatic elimination (first-pass metabolism). Metoclopramide
passes the blood-brain barrier. It is almost entirely (80%) eliminated by the



kidneys. The elimination half-time is 4-5h after oral administration, and is
2—4h after intravenous or intramuscluar administration [4]. Metoclopramide is
well tolerated when given intravenously, intramuscularly, orally, or rectally.

Pharmacodynamics

Metoclopramide is part of the benzamide family, and is chemically derived
from the local anesthetic procaine. Indeed, metoclopramide has shown a local
anesthetic effect in both experimental [5] and clinical studies [6]. The antiemetic
property of metoclopramide is mainly due to its interaction with dopaminergic
(D,) and serotoninergic (5-HT; and 5-HT),) receptors. Metoclopramide also has
a gastrointestinal prokinetic effect through cholinergic stimulation. This effect
consists of an increased tension in the lower esophageal sphincter and at the gas-
tric fundus, an increase in gastric and small intestinal motility, and a relaxation
of the pylorus and duodenum during contraction of the stomach [7]. The gastro-
kinetic effect is mediated by an antagonism at the D, and 5-HTj; receptors and
by activation of the 5-HT, receptor [8, 9].

5-HT; Receptor

The role of the 5-HTj; receptor in the control of the PONV is poorly under-
stood. The presence of the 5-HT; receptor has been proven indirectly by the
antiemetic effect of ondansetron, an antagonist of the 5-HT; receptor [10]. The
5-HTj; receptor is localized in the central nervous system (CNS), on vagal abdom-
inal sensory endings (the main site for antiemetic action of 5-HTj; receptor antag-
onists), on sympathetic neurons, and in enterochromaffin cells in the mucosa of
the upper gastrointestinal tract which are responsible for inducing nausea and
vomiting. Enterochromaffin cells are rich in serotonin, and can mainly be found
in the intestinal mucosa; less serotonin can be found in the plexus myentericus
[11]. Cytostatic agents (e.g., cisplatin) or irradiation can induce a liberation of
serotonin and sensitize the 5-HT receptors. Antagonists of the 5-HT; receptor,
like metoclopramide, counteract these effects. The affinity of metoclopramide for
the 5-HT; receptors is weak and dose-dependent, however, the optimal dose of
metoclopramide to recruit 5-HT; receptors in humans is unknown.

5-HT, Receptor

The pharmacological profile of these receptors was found to be similar
to that of 5-HT receptors, located in the CNS or peripherally. Neural and
non-neural 5-HT, receptors have been demonstrated in the gastrointestinal
tract. It is interesting to point out that drugs like metoclopramide or cisapride,
besides acting as agonists at the 5-HT, receptor level, also possess antagonistic

Henzi/Trameér 162



properties [12]. Theoretically, a combination of 5-HT, receptor agonist with
AS5-HT; antagonist seems to produce three major benefits [13]: (1) there is
improved relief of chemotherapy-induced nausea and vomiting by inhibition of
5-HT secretion from enterochromaffin cells and blockade of intestinal vagal
afferent activation; (2) due to the prokinetic effect mediated by 5-HT, there is
an improvement of the motility of the upper gastrointestinal tract, and thus a
re-installation of normal peristalsis, and (3) no constipation will result which
represents a frequent adverse side effect of pure 5-HT; receptor antagonism.

D, Receptor

The main binding site of metoclopramide is the dopamine receptor, local-
ized in the CNS and in nonspecific cholinergic neurons. Coupling of metoclo-
pramide on the receptor leads to an antagonism [14]. It results in an antiemetic
effect and a blockage of inhibitory vagal efferences of the gastrointestinal tract.
Although there are no specific dopaminergic neurons in the gastrointestinal
tract, two dopamine agonists, apomorphine and levodopa, have shown to inhibit
gastrointestinal motility and to diminish gastric expulsion [15]. This effect,
however, is not considered to be of clinical relevance.

The dopaminergic receptors of the chemoreceptor trigger zone can be
activated by opioids, cytostatic drugs, bacteria toxins, radiation, and metabolic
disorders (uremia, hypoxemia). These receptors play an important role in the
transmission of an emetogenic stimulation to the vomiting center, and represent
a point of action for many antiemetic drugs. With metoclopramide, alizapride,
droperidol, or domperidone, for instance, the dopaminergic effect of many eme-
togenic stimuli can be blocked. The inhibitory effect is due to an acetylcholine
secretion of postganglionic nerves that can be observed with all D, agonists
[16]. There is evidence that metoclopramide sensitizes gastrointestinal smooth
muscles to the effects of acetylcholine, which explains the observation that
metoclopramide requires a background cholinergic activity to be effective.

Other Effects

Metoclopramide stimulates the secretion of prolactin through a mecha-
nism that is not well understood [17]. Metoclopramide also inhibits the vestibu-
lar nucleus, resulting in an antivertigo effect [18].

Metoclopramide for the Control of PONV

Postoperative Nausea and Vomiting
In contrast to sickness related to radiotherapy or chemotherapy, there is no
animal model to study PONV. Thus, for the PONV setting, data on the efficacy
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of antiemetic drugs have to be derived from clinical trials. PONV is often
underestimated as a medical problem because it is self-limiting (it usually stops
spontaneously after 24 h), it never becomes chronic, and it almost never Kkills.
However, 10% of the population undergoes surgery every year [19], and about
30% of them will suffer from PONV [20]. This is 200,000 people in the UK
alone every year. There is evidence that surgical patients prefer postoperative
pain [21] to PONYV, and would be willing to pay considerable amounts of money
for an effective antiemetic [22]. About 1% of patients undergoing ambulatory
surgery are admitted overnight because of uncontrolled PONV [20]. Thus, there
is a need for antiemetic interventions that are efficacious, safe and cheap.

Methods

The Endpoints

Nausea is defined as a subjective and uncomfortable sensation that is
sometimes associated with a hyperactivity of the autonomous vagal system
with subsequent pallor, profuse transpiration, hypersalivation, and occasionally
arterial hypotension and bradycardia. Nausea is often followed by the need to
vomit. Vomiting is the violent rejection of the contents of the stomach through
the mouth. Nausea and vomiting can often be observed independently, and thus
can be studied independently. It is important to note that nausea is not merely a
mild bout of vomiting.

The Systematic Review

Systematic reviews aim to assess the best possible scientific evidence
about the effects of healthcare interventions. The basic methodology can be
divided into a systematic (i.e., unbiased) search for reports of randomized, con-
trolled trials; the methodological scoring of retrieved reports using predefined
validity criteria; extraction of data, and the analysis of data from independent
trials using biostatistical methods (i.e., meta-analysis). The systematic search is
a crucial step in this process; it includes the search in electronic databases
(Medline, Embase, Cochrane Controlled Trials Register, etc.), hand-searching
of journals, reviewing bibliographies of retrieved reports, and contact with
authors and manufacturers. A valid estimation of antiemetic efficacy has to
include information about the comparison (e.g., metoclopramide compared
with placebo), the tested dose and route of administration (e.g., 10 mg i.v.), the
endpoint (e.g., prevention of postoperative nausea), and the length of the obser-
vation period (e.g., antinausea efficacy in the immediate postoperative period).
Two observation periods have been arbitrarily defined for the PONV setting, a
‘short’ period (efficacy up to 6 h after surgery) and a ‘long’ period (up to 48h
after surgery) [23]. As an estimate of efficacy, the number-needed-to-treat
(NNT) may be calculated which indicates how many patients have to receive an
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intervention (e.g., metoclopramide 10mg) for one to profit compared with
doing nothing, or with another antiemetic. In the PONV setting, an NNT of 5
or less to prevent (or to treat) PONV compared with placebo may be regarded
as a clinically relevant degree of efficacy.

The systematic review is a powerful tool to further our understanding on
the efficacy of interventions and their likelihood of harm when there are lots of
data from numerous smaller trials, and when there are unresolved questions.
Systematic reviews have become valuable sources for rational decision-making
and patient care. The antiemetic efficacy of metoclopramide in the PONV set-
ting has been evaluated in several systematic reviews [24—28] — these are briefly
discussed below.

Prevention of PONV with Metoclopramide — Evidence from

Active Controlled Trials

Three systematic reviews have investigated the relative efficacy of meto-
clopramide compared with other antiemetic drugs based on data from active
controlled trials (i.e., A vs. B design without a placebo group) [26-28]. They all
came to the conclusion that metoclopramide was less efficacious than the mod-
ern 5-HT}; receptor antagonists (setrons). These analyses, however, were unable
to provide information on dose responsiveness, on optimal dose, and on adverse
drug reactions. This lack of information is related to the inherent weakness of
many active controlled trials [29]. The idea of active controlled trials is that an
experimental drug ‘A’ (here metoclopramide) was directly compared with a
gold standard drug ‘B’, and that placebos that may be perceived unethical may
be avoided. Unfortunately, there is no gold standard in the PONV setting. Thus,
the choice of the comparator substance will always be arbitrary. Also, since
there is no placebo group in such trials, the baseline risk (or the underlying risk)
remains unknown. In a randomized placebo-controlled trial, the incidence of
nausea and vomiting in patients receiving a placebo may be regarded as an indi-
cator of the true underlying risk of PONV in the study population. If the control
(placebo) event rate was high, we would assume that the investigated cohort
represented a high-risk setting. If this event rate was low, it most likely repre-
sented a low-risk setting. This stratification remains obscured in active con-
trolled trials. For rational decision-making in the PONV setting, efficacy data
from placebo-controlled trials are needed.

Prevention of PONV with Metoclopramide — Evidence from

Placebo-Controlled Trials

The prophylactic antiemetic efficacy of metoclopramide and its likelihood
to harm have been investigated in a systematic review of randomized placebo-
controlled trials [24]. In 66 studies, 3,260 patients received 18 different
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regimens of metoclopramide, and 3,006 controls received placebo or no treat-
ment. 6,000 adults and children have been investigated in over 60 relevant stud-
ies. In adults, the best-documented regimen was 10 mg i.v. With this regimen,
NNTs to prevent nausea or vomiting up to 6 h after surgery were about 9, and
up to 48 h were about 10. Other doses of metoclopramide (5, 15, 20 and 30 mg)
were studied in single small trials only, however they did not show any superi-
ority of metoclopramide compared with placebo for the prevention of PONV.

In children, the best-documented regimen was 0.25mg/kg i.v. (which
corresponds to about 18 mg in an adult with a body weight of 70kg). The
antivomiting efficacy of metoclopramide in the immediate postoperative period
was slightly better than in adults; the NNT to prevent early vomiting was about 6.
No sensible conclusion could be drawn on the long-term effects since five trials
only investigated late efficacy in children. Also, no data were available on meto-
clopramide’s antinausea efficacy, as in pediatric studies, nausea is usually not
investigated.

There was no increased risk of adverse reactions that may be attributed to
interaction of metoclopramide with the dopamine receptor (e.g., extrapyrami-
dal symptoms, or sedation and drowsiness), neither in adults nor in children.

These data do provide strong evidence that metoclopramide, in the doses
described in these trials, has no clinically relevant antiemetic effect for the
prevention of PONV. The most likely explanation for his result (absence of
efficacy and absence of harm) is that the doses were too low. In chemotherapy,
metoclopramide doses about 50 times higher are used. A large randomized
dose-finding study is needed to establish dose responsiveness and to define the
optimal dose of metoclopramide for the prevention of PONV. In the mean
time, metoclopramide cannot be recommended as a worthwhile prophylaxis of
PONV.

Treatment of Established PONV

One systematic review investigated the efficacy of all available antiemetic
interventions for the treatment of established PONV symptoms [25]. There
were four main results of this systematic review. First, compared with the
plethora of prevention trials in the PONV setting (there are over one thousand
studies in the world’s literature), only 18 valid placebo-controlled trials on the
treatment of PONV could be retrieved. Second, the well-documented 5-HT;
receptor antagonists were efficacious to some extent in preventing further
vomiting in a vomiting patient after surgery; they showed less efficacy in pre-
venting further nausea in a nauseated patient. Third, over wide ranges of doses
there was weak evidence only of dose responsiveness with all the 5-HT; recep-
tor antagonists tested. And finally, for metoclopramide and for other classic
antiemetics that have been widely used for decades, there was a lack of
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evidence on their therapeutic efficacy in the postoperative period. Only one
valid placebo-controlled trial (in 185 patients) could be retrieved on the
efficacy of metoclopramide in the treatment of established PONV [30]. Thus,
as for prevention, a large randomized dose-finding study is needed to establish
dose responsiveness and to define the optimal dose of metoclopramide for the
treatment of established PONV symptoms. In the mean time, metoclopramide
cannot be recommended as a worthwhile treatment of PONV.

Conclusions

Metoclopramide is an old drug and has been used for many years in anes-
thetic practice in an attempt to prevent and to treat PONV. Metoclopramide
possesses several favorable antiemetic properties: antagonism of the D, and
5-HT; receptors, agonism of the 5-HT, receptor, and a prokinetic gastrointesti-
nal effect. Thus, in theory, metoclopramide should be the perfect antiemetic.
However, looking at all valid and relevant randomized controlled studies
reveals that there is no prophylactic efficacy with the most frequently used dose
of metoclopramide (10 mg i.v.), and that there is a lack of evidence of any
efficacy for the treatment of established PONV symptoms. Unless large studies
show with confidence that metoclopramide is of any relevant benefit for the
control of PONYV, its use in daily anesthetic practice cannot be recommended.
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Introduction

Delayed emesis has been arbitrarily defined as emesis that begins or
persists more than 24 h after chemotherapy. Until recently, little attention had
been addressed to the delayed emesis phenomenon. This is because primarily it
is a less severe event than acute emesis; delayed emesis occurs when the
patients are at home and away from direct observation of the oncologists; an
animal model for the study of this condition was not available until recently
[1, 2]. The inevitable consequence of this has been that only a few, and often
not well-conducted studies, have been published on this topic.

The pathophysiology of delayed emesis is unknown. Though not proven,
various mechanisms have been postulated:

(1) Disruption of the blood-brain barrier: Antineoplastic agents, especially
cisplatin, can disrupt the blood-brain barrier, determining a mild and reversible
cerebral edema. The increased intracranial pressure may potentiate other emetic
inputs. This has been demonstrated in the dog after cisplatin administration
via the carotid artery [3]. The documented activity of corticosteroids in the
treatment of cerebral edema and delayed emesis gives some support to this
hypothesis.

(2) Disruption of gastrointestinal motility and/or permeability: Chemo-
therapeutic agents, in particular cisplatin, can cause temporary disturbances of
gastrointestinal tract function, such as hypomotility and gastroparesis, that are
capable of inducing protracted nausea and vomiting [4, 5].

(3) Role of endogenous or exogenous adrenal hormones: It has been
shown that urinary cortisol excretion is inversely related and noradrenaline
excretion is directly related to the intensity of chemotherapy-induced delayed



nausea [6, 7]. Furthermore, it has been suggested that corticosteroids, used for
the prevention of acute emesis, after their abrupt discontinuation, can bring
about adrenal failure which may be responsible for the occurrence of delayed
emesis [8].

(4) Accumulation of emetogenic metabolites from chemotherapeutic
agents: It has been postulated that delayed emesis may be the result of an
accumulation of metabolites of chemotherapy agents (those of cisplatin have
been identified in the body fluid and tissues over 24 h after its administration)
or of the hypomagnesemia induced by cisplatin.

It is likely that delayed emesis is a multifactorial phenomenon with the
relative contribution of each of the above-mentioned factors or others not yet
determined.

Incidence, Pattern and Prognostic Factors of Delayed Emesis

The incidence and characteristics of delayed emesis differ among patients
receiving highly (i.e., cisplatin) or moderately (i.e., carboplatin and cyclophos-
phamide) emetogenic chemotherapy.

Cisplatin induces a biphasic pattern of emesis. Generally, vomiting begins
with a short latency period of 2—-3 h and peaks around 6—8 h following cisplatin
administration. This acute phase lasts about 10-12h before subsiding. It is
followed by a separate phase occurring about 18-24 h after chemotherapy that
is the delayed emesis phase. The incidence of delayed emesis after cisplatin
chemotherapy varied from 40 to 90% of patients in different studies. The
incidence and intensity of symptoms peaked during the 48- to 72-hour period
following its administration, then decreased during the subsequent days [9, 10].
In any case, the symptoms experienced during the delayed phase are less severe
than during the acute phase.

Differently from cisplatin, the emetic symptoms in patients submitted to
moderately emetogenic chemotherapy follow a monophasic pattern. The onset
of emesis after carboplatin and cyclophosphamide occurs with a latency period
of 612 h, longer than that observed with cisplatin. Symptoms are most intense
in the first 24 h, but nausea and vomiting can persist over a 24- to 36-hour
period [11].

Data on the incidence of delayed emesis in patients treated with moder-
ately emetogenic chemotherapy are scanty. In a large study by the Italian Group
for Antiemetic Research, evaluating patients submitted to cyclophosphamide,
doxorubicin, epirubicin and carboplatin, on days 2—5 when patients were mon-
itored without receiving any antiemetic prophylaxis, the incidence of moderate-
severe nausea and vomiting was approximately 20 and 25%, respectively [12].
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Differences in incidence of delayed emesis are commonly observed among
studies and can be explained by some patient/treatment characteristics which
represent important prognostic factors. Only a few studies have evaluated the
prognostic factors conditioning delayed emesis. The most important prognostic
factor is obtaining complete protection from nausea and vomiting during the
first 24 h [10, 13]. Other important prognostic factors are the administered dose
of cisplatin and sex: in fact, delayed emesis is significantly more frequent in
patients receiving higher cisplatin doses (>90 mg/m?) and in females [14].

Prophylaxis of Delayed Emesis

The results of comparative blind studies specifically planned to evaluate dif-
ferent antiemetic treatments in the prevention of delayed emesis will be presented.
Studies that have as primary objective the evaluation of different antiemetic drugs
in the prevention of acute emesis, and in which the same drugs were continued in
the following days, will not be reported. This is because in such studies the supe-
riority of one drug with respect to another in the prophylaxis of delayed emesis
could mean either that the drug is superior or that the superiority of a drug is due
to better results obtained with this drug in the first 24 h that persist in the follow-
ing days and, therefore, to a dependence effect. To distinguish these two results, a
multifactorial analysis comparing the results obtained in the prevention of delayed
emesis balancing those obtained in the prophylaxis of acute emesis should be
carried out. Unfortunately, this analysis was not performed in such studies.

In evaluating antiemetic efficacy against delayed emesis, considering the
different incidence and characteristics of the phenomenon, it is necessary to
plan studies in which patients submitted to cisplatin chemotherapy are clearly
separated from those submitted to moderately emetogenic chemotherapy.
Instead, two recently published studies enrolled both types of patients [15, 16].
In these studies from day 2 to day 5, all patients received dexamethasone
(4 or 10mg orally) and were randomized to granisetron (1 or 2mg orally) or
metoclopramide (10 or 20mg three times a day). Complete protection from
delayed emesis was similar with both regimens (68 vs. 55% and 81 vs. 84%,
respectively, with granisetron and metoclopramide).

Cisplatin

Comparative studies evaluating the efficacy of antiemetics different from
5-HT; receptor antagonists in the prevention of delayed emesis are summarized
in table 1 [14, 17-20]. In Roila’s study [14], orally administered metoclopramide

Prevention of Delayed Nausea and Emesis Induced by Chemotherapy 171



Table 1. Cisplatin-induced delayed emesis: Comparative studies without 5-HT; antagonists

Study Patients,n  Cisplatin Antiemetics CP Results Ref.
dose mg/m? %
vomiting nausea

SB 120 =50 MTC 69.0 MTC =DEX =PL MTC and DEX> 14
DEX 65.4 PL
PL 56.7

DB 60 =60 ACTH 67.0 ACTH >PL ACTH = PL 17
PL 43.0

DB 152 60-120 ACTH 1mg 62.0 ACTH 2mg= ACTH 2mg = 18
ACTH2mg + 714 ACTH I mg > ACTH 1mg >
Img after 72h PL PL
PL 353

DB 91 120 MTC + DEX  52.0 MTC + DEX > MTC + DEX and 19
DEX 350 DEX>PL DEX > PL
PL 11.0

SB 63 60-120 DEX 44.0 MTC + DEX > MTC + DEX = 20
ALZ + DEX 30.0 ALZ +DEX and ALZ + DEX =
MTC + DEX  70.0 DEX DEX

SB = Single-blind; DB = double-blind; PL = placebo; ALZ = alizapride; MTC = metoclopramide;
DEX = dexamethasone; CP = complete protection from delayed vomiting.

(20mg X 4/day) and dexamethasone (1mg X 4/day) were compared with
placebo in 120 patients. Complete protection from nausea, but not from vomit-
ing, was significantly increased by both dexamethasone and metoclopramide
with respect to placebo. In Passalacqua’s two studies [17, 18], ACTH (1 or 2mg
i.m.) induced significant superior complete protection from vomiting, but not
from nausea, with respect to placebo.

From these data it appears clear that the efficacy showed by metoclo-
pramide, dexamethasone or ACTH, when used alone, although superior to
placebo in the prevention of delayed nausea or vomiting, is often of limited
clinical significance.

In Kris’ study [19], a combination of orally administered metoclopramide
(0.5 mg/kg X 4/day on days 2—5) plus dexamethasone (8 mg twice/day on days
2 and 3 after cisplatin and 4 mg twice/day on days 4 and 5) was shown more
efficacious than dexamethasone alone and placebo in 90 patients submitted
to 120mg/m? of cisplatin. Complete protection from delayed vomiting was
obtained in 52, 35 and 11% of patients, respectively.
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Table 2. Cisplatin-induced delayed emesis: Efficacy of 5-HT; antagonists

Study Patients,n  Cisplatin Antiemetics CP Results Ref.
dose mg/m? %
vomiting nausea

DB 48 =100 OND 40.0 OND =PL OND = PL 22
PL 33.0

DB 538 =70 OND 36.0 OND=PL OND = PL 23
PL 26.0

DB 434 =50 DEX + PL 350 GRAN + DEX = GRAN + DEX = 24
DEX + GRAN 38.0 DEX DEX

DB 619 =69 DEX + PL 584 GRAN + DEX = GRAN + DEX = 25
DEX + GRAN 572 DEX DEX

DB = Double-blind; CP = complete protection from delayed vomiting; OND = ondansetron; GRAN =
granisetron; DEX = dexamethasone; PL = placebo.

These results have been confirmed by Moreno’s study [20] which com-
pared metoclopramide plus dexamethasone (at the same doses of Kris’ study,
but dexamethasone was administered intramuscularly instead of orally) to
alizapride plus dexamethasone or dexamethasone alone. In both these studies
the superiority of the metoclopramide plus dexamethasone combination with
respect to dexamethasone alone was shown regarding complete protection from
vomiting, but not nausea.

In any case, this combination should be considered the standard preventive
treatment for cisplatin-induced delayed emesis.

Nonetheless, as shown in two large studies in 249 and in 522 patients
followed for three consecutive cycles of cisplatin chemotherapy, prevention of
delayed vomiting is far from being optimal, as about 40-60% of patients had
delayed nausea and/or vomiting despite treatment with metoclopramide plus
dexamethasone [13, 21].

The role of the 5-HT; receptor antagonists in the prevention of cisplatin-
induced delayed emesis has now been clarified. In fact, the results of the published
studies evaluating 5-HT; receptor antagonists were controversial until recently.

The efficacy of the 5-HT; receptor antagonists with respect to placebo is
reported in table 2. In Gandara’s study [22], ondansetron showed an antiemetic
efficacy not significantly different from placebo even if complete protection
from vomiting was slightly superior.

In Navari’s study [23], carried out in 538 patients, ondansetron 8 mg
orally twice reduced significantly the mean number of emetic episodes during
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Table 3. Cisplatin-induced delayed emesis: Efficacy of 5-HT; antagonists plus dexamethasone

Study Patients,n  Cisplatin Antiemetics CP Results Ref.
dose mg/m? %
vomiting nausea

DB 527 =50 GRAN +PL 580 GRAN + DEX>  GRAN + DEX> 26
GRAN + DEX 789 GRAN GRAN

DB 236 =50 OND + PL 50.0 OND + DEX = OND + DEX = 27
OND + DEX 63.0 OND OND

DB 322 =50 MTC + DEX 60.0 MTC + DEX = MTC + DEX = 28
OND + DEX 62.0 OND + DEX OND + DEX

DB = Double-blind; CP = complete protection from delayed vomiting; OND = ondansetron; GRAN =
granisetron; DEX = dexamethasone; MTC = metoclopramide; PL = placebo.

days 2-3 after cisplatin with respect to placebo, but complete protection from
delayed vomiting and nausea was only slightly superior to placebo. The analysis
of these studies suggests that 5-HT; receptor antagonist activity in the preven-
tion of delayed emesis is probably not as good as it is in the prevention of acute
emesis and that their efficacy, when used alone, is, at best, only moderate.

Furthermore, in two other studies [24, 25] the addition of a 5-HT; antag-
onist to dexamethasone did not increase complete protection from delayed
vomiting and nausea with respect to dexamethasone alone. On the other hand,
as shown in table 3, the addition of dexamethasone to a 5-HT; antagonist
increased the complete protection from delayed nausea and vomiting with
respect to a 5-HT; antagonist alone [26, 27].

Finally, in a double-blind randomized study, oral ondansetron (8 mg every
12h on days 2—4) combined with dexamethasone showed antiemetic activity
similar to that of standard metoclopramide plus dexamethasone in the preven-
tion of cisplatin-induced delayed emesis, and these two regimens should be
considered the antiemetic prophylaxis of choice for delayed emesis [28].

Considering the higher cost, metoclopramide remains the standard treat-
ment, but, according to the results of this study, ondansetron is to be preferred in
patients who do not tolerate metoclopramide or who have emesis in the first 24 h.

Moderately Emetogenic Chemotherapy

Only a few double-blind studies have been published on the prevention of
delayed emesis due to moderately emetogenic chemotherapy (table 4).
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Table 4. Delayed emesis induced by moderately emetogenic chemotherapy: Comparative studies
with 5-HT; antagonists

Study Patients,n ~ Antiemetics CP Results Ref.
%
vomiting nausea
DB 189 OND 60.0 OND > PL OND > PL 29
PL 42.0
DB 139 GRAN 67.1* GRAN > PL 30
PL 49.3*
DB 618%* DEX + OND** 91.8 DEX + OND DEX + OND 33
DEX 87.4 and DEX > PL and DEX > PL
PL 76.8
g7*** DEX + OND***  40.9 DEX + OND = DEX + OND =
DEX 233 DEX DEX

DB = Double-blind; CP = complete protection from delayed vomiting; *no vomiting and no nausea;
**patients without and ***with acute vomiting and/or moderate-severe nausea; PL = placebo;
GRAN = granisetron; OND = ondansetron; DEX = dexamethasone.

Kaizer’s [29] and Guillem’s [30] studies, carried out in 189 and 139
patients, showed the superiority of ondansetron and granisetron with respect to
placebo (complete protection from vomiting in 60 vs. 42% and in 67.1 vs.
49.3% of patients).

Koo’s study [31] in 98 patients showed the better antiemetic activity of
dexamethasone with respect to no therapy (complete protection from vomiting
in 57 and 33% of patients, respectively), while in Pater’s [32] study the addition
of a 5-HT; antagonist (ondansetron or dolasetron) to dexamethasone did not
increase complete protection from delayed emesis with respect to dexametha-
sone alone. Unfortunately, these were both open studies.

Finally, the Italian Group for Antiemetic Research [33] carried out a
double-blind study in which patients, 24h after chemotherapy, were divided
into two groups: patients who did not have either acute vomiting or moderate-
to-severe nausea (the low-risk group) and patients who had one or both (the
high-risk group). Patients in the low-risk group were then randomly assigned to
receive from day 2 to day 5 after chemotherapy: oral placebo, 4 mg of dexa-
methasone given orally twice daily, or 8 mg of ondansetron in combination
with 4 mg of dexamethasone, given orally twice daily. Patients in the high-risk
group were randomly assigned to receive oral dexamethasone alone or in com-
bination with ondansetron at the same doses as those used in the low-risk group.
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Among the 618 patients in the low-risk group, complete protection from both
delayed vomiting and moderate-to-severe nausea was significantly superior in
those who received ondansetron plus dexamethasone (91.8%) and those who
received dexamethasone (87.4%) than in those who received placebo (76.8%).
Significantly more patients receiving ondansetron plus dexamethasone
reported constipation.

Therefore, for low-risk group patients dexamethasone alone seems prefer-
able because it is similarly efficacious, better tolerated and less costly with
respect to its combination with ondansetron.

In the 87 patients of the high-risk group, complete protection achieved
with ondansetron plus dexamethasone (40.9%) was superior, but not statisti-
cally significant, with respect to those achieved with dexamethasone alone
(23.3%). Therefore, more studies are needed in this subgroup of patients to
identify the optimal antiemetic prophylaxis.

Conclusions

In the last 10 years, despite the achievement of important results in the
prevention of chemotherapy-induced nausea and vomiting, delayed emesis
remains a challenge for antiemetic research, as the results obtained with the
most efficacious regimens available are still unsatisfactory, particularly in
cisplatin-treated patients.

In the prevention of cisplatin-induced delayed emesis with the two most
efficacious treatments (a combination of oral dexamethasone with metoclo-
pramide or ondansetron), about 40—-60% of patients continue to have delayed
nausea and vomiting.

In the prevention of delayed emesis induced by moderately emetogenic
chemotherapy, an antiemetic prophylaxis with dexamethasone should be
recommended for all patients even if only one fourth of those having acute vom-
iting or moderate-severe nausea achieve complete protection from delayed emesis.

In the coming years, better control of delayed emesis may be possible with
the development of new and more efficacious antiemetic drugs for delayed
emesis. A possible neurotransmitter of delayed emesis has recently been
identified: substance P, a neuropeptide found within the central and peripheral
nervous system. When substance P is released as a result of emetogenic stim-
uli, it binds to a specific NK; receptor, and mediates nausea and vomiting. In
the ferret, selective antagonists of NK; receptors have been shown to block
chemotherapy-induced emesis. These antagonists are still being evaluated as
antiemetics for the prophylaxis of chemotherapy-induced acute and delayed
emesis and the results of phase III comparative studies are awaited with interest.
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Prophylaxis of Radiation-Induced Emesis
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Introduction

Nausea and vomiting are distressing side effects overall when they last
days or weeks. Radiation-induced emesis (RIE) is often considered to be less
frequent and less severe than nausea/vomiting encountered in patients receiv-
ing chemotherapy. However, this issue has only been addressed in a few stud-
ies. It is possible that sometimes in clinical practice radiation oncologists
underestimate the problem and do not ask their patients about nausea and vom-
iting [1]. There are at least two important reasons for paying attention to RIE:
(1) a radiotherapy course may last 4-7 weeks and, if untreated, sickness pro-
duces adverse effects, such as dehydration, electrolyte imbalance and/or mal-
nutrition, which are liable for a worsening of the patient’s quality of life, and
(2) nausea and/or vomiting may cause an interruption in the treatment with
possible unfavorable effects on tumor control when radiotherapy is delivered
with curative intent [2, 3].

Acute emesis is seen more frequently with radiotherapy. The latent period
ranges from 0.5 to 4 h and is shorter when higher radiotherapy doses are admin-
istered. Prolonged emesis lasting 2—3 days is reported by up to 40% of patients.
Anticipatory emesis induced by radiotherapy is extremely rare. Generally, the
highest incidence of RIE is registered in the trials in which total body irradia-
tion (TBI), upper half-body irradiation (HBI), upper or whole abdomen irradi-
ation and radiosurgery to the area postrema were administered. Instead, the
emetogenic potential of radiotherapy is considered moderate in radiotherapy of
the thorax, pelvis and lower HBI, and low in radiotherapy of head and neck,
extremities, brain and skin [4].

The purpose of this paper is to discuss the pathophysiology of RIE, the risk
factors of RIE, the strategies to reduce RIE and the guidelines suggested by



MASCC (Multinational Association of Supportive Care in Cancer) and ASCO
(American Society of Clinical Oncology) for the antiemetic prescription.

Pathophysiology of RIE

The exact mechanism of RIE remains unclear. Possible mechanisms are:
(1) activation of the chemoreceptor trigger zone (CTZ) either directly or indi-
rectly; (2) peripheral stimulation of the gastrointestinal (GI) mucosa and
GI neurotransmitter receptors that activate the vomiting center; (3) vestibular
mechanisms; (4) cortical mechanisms (i.e., direct cerebral activation due to
radiotherapy to the brain or radiosurgery, or psychogenic activation), and
(5) alterations of taste and smell [5]. It was suggested that the critical organs
responsible for RIE were in the upper abdomen and the underlying mechanism
might be related to a toxin released by degradation of tumor protein [6-8].
Hypothetically there can be two different pathophysiological mechanisms
working together in the RIE: (1) passive cell damage mechanism in terms of
release of transmitters that induce emesis, and (2) active functional defense
mechanism through release of mediators by functioning cells [9].

Some of the neurotransmitters located in the area postrema of the brain or
in visceral tissues that may be excited and lead to emesis include dopamine, his-
tamine, substance P, norepinephrine, neurotensin, prostaglandins, gastrin and
serotonin. When released, these substances stimulate afferent visceral fibers, an
action that then initiates sensory signals to the CTZ [5]. The enterochromaftin
cells of the mucosa have a high serotonin (5-hydroxytryptamine, 5-HT5) content.
Damage of the enterochromaffin cells of the GI tract by toxins and/or irradiation
leads to release of serotonin, which may initiate the emetogenic response. It has
been suggested that serotonin may mediate emesis via mechanisms involving
the 5-HT; receptors, vagus and greater splanchnic nerve, and the CTZ [9]. The
correlation of RIE and increased levels of 5-hydroxyindoleacetic acid, a
metabolite of serotonin, after TBI, HBI and upper abdominal irradiation,
strongly suggests that the mechanism of RIE is related to the release of sero-
tonin. This mechanism is probably involved when radiotherapy is applied to the
abdomen, whereas radiosurgery of the area postrema or brain irradiation most
likely induces vomiting/nausea from a direct injury to the CTZ [5].

Factors Influencing RIE and Observational Trials

The frequency, severity and onset of RIE can be patient-related and
therapy-related [9]. Age, gender, tolerance of previous therapy, anxiety and
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alcohol intake are risk factors for emesis. The risk of RIE is high in female
patients, those younger than 50 years, patients who have a previous history of
poorly controlled emesis and/or who are anxious, whereas it is low in those with
high alcohol consumption [2, 9]. Among therapy-related factors, the site of
radiotherapy is important and the incidence of RIE is high when the radiation
field encompasses the upper abdomen. Emesis occurs more frequently when
patients receive treatment to larger fields (e.g., TBI or HBI) and in doses higher
than 5 Gy [9]. Other factors influencing RIE are reported (total dose, dose rate,
fractionation, patient positioning, radiation technique, energy, beam quality,
general health status of the patient) but seem to be less important than those
already discussed [9]. Worthy of note is to consider that the data regarding inci-
dence of RIE and factors influencing it come from small randomized clinical
trials evaluating the efficacy of various antiemetic drugs in preventing RIE, and
therefore cannot be considered as representative of the general population
undergoing radiotherapy for cancer [1].

The incidence of RIE has been evaluated in only two observational trials
[1, 10]. Feyer et al. [10] coordinated the first one which was carried out in
patients submitted to fractionated radiotherapy ‘between thorax and pelvis’.
Only 15% of patients received antiemetic prophylaxis. The incidence of nausea
and vomiting, recorded in 297 of 1,387 patients who entered the study, was 38
and 36%, respectively. These values refer to 269 of 297 evaluable patients who
did not receive an antiemetic prophylaxis. Of the remaining 28 cases treated
with an antiemetic prophylaxis, 61% experienced nausea and 57% vomiting.
This high incidence of emesis in the group treated with antiemetics can be
explained by a higher individual risk profile (most frequent abdominal irradia-
tion, larger irradiated volume) of these patients [10]. Considering that this
report is available only as an abstract, it is impossible to understand the actual
significance of these results.

The other observational trial on incidence of RIE was carried out by the
Italian Group for Antiemetic Research in Radiotherapy (IGARR) which ana-
lyzed 934 consecutive patients submitted to all types of radiotherapy (all irra-
diated sites, fractionation schedules, dose per fraction, field size) [1]. The
IGARR study evidenced that the overall cumulative incidence of vomiting and
nausea occurred in about 40% of patients undergoing radiotherapy. The median
start time of vomiting and/or moderate-severe nausea was 8 days (range 1-47),
and the median duration was 3 days for vomiting and 4 days for nausea. Among
patients who had vomiting, the median number of emetic episodes per patient
and per day was 8 (range 1-246) and 3 (range 1-60), respectively. The inci-
dence of RIE was analyzed according to patient and radiotherapy-related char-
acteristics to identify the more important risk factors. At multivariate analysis,
the irradiated site and radiation field size (>400 cm?) were the significant
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radiotherapy-related risk factors, whereas previous chemotherapy was the only
patient-related factor. Many characteristics, such as gender, kinetosis, alcohol
intake, setting, dose per fraction and fractionation schedule, were also exam-
ined, but they did not influence RIE. Considering the irradiated site, not only
the patients submitted to abdominal radiotherapy were at major risk of vomit-
ing and nausea (71%), but also those receiving treatment to the thorax, brain,
head and neck, and pelvis (49, 40, 40, and 39%, respectively). Unfortunately,
RIE was not evaluable either in patients submitted to TBI or HBI due to the
small number of patients who received these therapies. According to the results
of this trial, it is possible to divide the emetogenic potential of radiotherapy on
the basis of irradiated site, field size and previous chemotherapy. However, the
irradiated site remains the most important prognostic factor used in clinical
practice for defining the risk profile of patients. The IGARR study evidenced
this relationship between irradiated site and emetogenic risk: (a) upper
abdomen irradiation is the ‘most emetogenic’ regimen (probably together with
TBI and HBI), (b) the emetogenic potential is ‘moderate’ in thorax, pelvis,
brain, and head and neck radiotherapy, and (c) ‘low’ in radiotherapy of extrem-
ities and skin [1]. This epidemiological trial on RIE monitored also the pre-
scription of antiemetics in clinical practice and evidenced the attitude of
radiotherapists in prescribing antiemetic drugs only in a few (14%) patients,
mostly as a rescue, and that 5-HT; antagonists, rather than other antiemetics,
are generally used [1].

Strategies to Reduce RIE

The primary prevention of RIE is suggested by Feyer et al. [9] using 3-D
treatment planning, multileaf collimators and dose-volume histograms to
reduce the volume of normal tissues encompassed in the irradiated fields.
Although we can expect a lower incidence of nausea/vomiting if innovative
radiotherapy techniques are used, it should be confirmed by clinical controlled
trials.

The secondary prevention implies the assessment of emetogenic risk and
the prescription of antiemetic therapy either as prophylaxis or as rescue.
Randomized clinical trials on antiemetics in radiotherapy are briefly reported.

Three randomized reports on RIE in patients treated with fractionated
radiotherapy to the abdomen and thorax were published before the introduc-
tion of 5-HT; antagonists. In the first study, 39 patients were randomized to
receive oral metoclopramide or nabilone. In the second, 89 patients were
treated with oral metoclopramide, prochlorperazine or placebo, and in the
third, 11 patients received tetrahydrocannabinol or prochlorperazine [11-13].
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Table 1. Randomized clinical trials with 5-HT; antagonists in patients submitted to upper abdomen

irradiation
Group (first Patients, n  Radiotherapy Antiemetic Percent of  Results
author) regimen randomization complete
response
Priestman, 121 8-10 Gy single OND 8 mg X 3/day 68 OND better
1990 [18] fraction p.o. for 5 days than MTC
MTC 10mg X 3/day 39
p-o. for 5 days
Bey, 1996 [16] 50 At least 6 Gy DOL 0.3 mg/kg i.v. 100* DOL better
single fraction DOL 0.6 mg/kg i.v. 93* than placebo
DOL 1.2mg/kg i.v. 83*
Placebo 54%
Priestman, 135 1.8 Gy/day forat OND 8mg X 3/day 61 OND better
1993 [19] least 5 fractions p.o. than PCP
PCP 10mg X 3/day 35 (for vomiting)
p.o.
Franzen, 1996 111 At least 1.7 OND 8 mg X 2/day 67 OND better
[17] Gy/day for =10 p-o. than placebo
fractions Placebo 45
Aass, 1997 [15] 23 2 Gy/day to TRO 5 mg/day p.o. 91 TRO better
30 Gy in 15 MTC 10mg X 3/day 50 than MTC
fractions p-o.
Lanciano, 2001 260 10-30 fractions GRAN 2 mg/day 57.5 GRAN better
[20] (1.8-3 Gy/ Placebo 42 than placebo
fraction)

*Complete plus major response. OND = Ondansetron; MTC = metoclopramide; DOL = dolasetron;
TRO = tropisetron; GRAN = granisetron; PCP = prochlorperazine; administered p.o. (orally) or i.v.

(intravenously).

Only one randomized study has been carried out with 43 patients submitted to
single-fraction palliative radiotherapy to the thoracic and/or lumbar spine. In
this study, chlorpromazine was compared with two different doses of levo-
nantrol [14]. All these studies enrolled a small number of patients (median 46)
and showed no difference among the various compounds determining a limited

antiemetic efficacy (complete protection of vomiting in about 50% of cases).

In the last decade, the 5-HT; antagonists have been used in clinical practice
to treat RIE. Tables 1 and 2 show randomized trials with 5-HT; antagonist in
patients submitted to radiotherapy with single or fractionated regimens.
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Table 2. Randomized clinical trials with 5-HT; antagonists in patients submitted to TBI and HBI

Group (first Patients,  Radiotherapy Antiemetic Percent of  Results
author) n regimen randomization complete
response
Tiley, 1992 [24] 20 10.5 Gy OND 8mg i.v. 90* OND better
TBI-single Placebo 50%* than placebo
fraction
Prentice, 1995 30 7.5 Gy GRAN 3mg i.v. 53 GRAN better
[21] TBI-single versus than MTC +
fraction MTC 20 mg 13 DEX + LOR
i.v. + DEX 6 mg/m?
i.v. + LOR 2mg i.v.
Spitzer, 1994 20 1.2 Gy X 3/day OND 8mg X 3/day 50 OND better
[22] TBI-11 fractions  p.o. than placebo
to a total dose of  Placebo 0
13.2 Gy
Sykes, 1997 66 8-12.5 Gy OND 8mg X 2 p.o. 94 OND better
[23] HBI-single versus than CLP +
fraction CLP 25mg X 3 p.o. 34 DEX
+ DEX 6mg X 3
p.o.
Spitzer, 2000 34 1.2 Gy X 3/day OND 8mg X 3/day 47 No difference
[25] TBI-11 fractions  p.o.
to a total dose of  versus
13.2 Gy GRAN 2mg X 1/day 61

p.o.

*All patients received intravenous dexamethasone (8 mg) and phenobarbitone (60 mg/m?). OND =
Ondansetron;, GRAN = granisetron; MTC = metoclopramide; LOR = lorazepam; CLP = chlorpro-

mazine; DEX = dexamethasone; administered (p.o.) orally or (i.v.) intravenously.

Different compounds and a wide range of doses and schedules have been used.
Antiemetics were generally started 1-2 h before radiotherapy and usually con-
tinued until the end of irradiation when a fractionated regimen of dose was
adopted. The oral route was prevalent (73%). The six published trials regarding
patients submitted to upper abdomen irradiation showed that 5-HT; antagonists
achieved significantly greater protection from RIE than metoclopramide, phe-
notiazines or placebo (table 1) [15-20]. Also, in patients treated with TBI or
HBI, 5-HT; antagonists gave a significantly greater protection from RIE than

placebo or conventional antiemetics (table 2) [21-25].
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Only in one randomized trial on antiemetic prophylaxis in fractionated TBI
did the protection from emesis achieved using ondansetron last for the entire
treatment period (4 days) [22]. But the other randomized trials on antiemetic
prophylaxis in patients undergoing fractionated TBI or radiotherapy to the upper
abdomen showed that 5-HT; antagonist is less effective as treatment continues.
Priestman et al. [18] reported that ondansetron becomes less effective after the
first week, and Franzen et al. [17] after the third week of radiotherapy. It has also
been shown in chemotherapy studies that the efficacy of 5-HT; antagonists
diminishes with repeated courses. Headache and/or constipation were the most
common adverse events registered with the use of 5-HT; antagonists. Sometimes
rather than constipation, 5-HT; antagonists reduced the frequency of diarrhea, a
troublesome side effect due to acute radiation enteric toxicity [9, 17, 26, 27].

In chemotherapy-induced emesis, corticosteroids (above all dexametha-
sone) are also suggested as single agents for the prevention of delayed emesis,
or in combination with a 5-HT; antagonist for patients receiving highly emeto-
genic chemotherapy [28, 29]. Their widespread availability, low cost, and ben-
efit make corticosteroids very interesting antiemetic drugs. To date in
radiotherapy no prospective randomized studies have been published evaluating
the addition of corticosteroid to the 5-HT; antagonist in comparison to the 5-
HT}; antagonist alone. Regarding the use of dexamethasone as a single agent for
the prophylaxis of RIE, a double-blind study has recently been published [30].
Patients enrolled received fractionated radiotherapy to the upper abdomen and
oral dexamethasone (2mg X 3/day) or placebo only in the first week of radio-
therapy even though the courses lasted up to 6 weeks. Complete protection from
RIE was significantly better in the dexamethasone group with acceptable side
effects, but with no overall positive effect on global quality of life. Considering
that the majority of emetic episodes occurred early in the treatment, it is possi-
ble that prophylactic antiemetics may not be necessary for a full course of
radiotherapy but only for the first week [30]. More studies evaluating the effi-
cacy of steroids, compared to 5-HT; antagonists, or in combination may answer
these questions.

The role of antiemetics given on an as-needed basis has not been investi-
gated in randomized trials. Two open pilot studies have evaluated the use of a
rescue treatment using a 5-HT; antagonist in patients failing to achieve relief
with common antiemetics [31, 32]. In the first study, 4 patients who had RIE
after prophylaxis with prochlorperazine and metoclopramide received rescue
treatment with ondansetron. All patients achieved complete protection from
vomiting [31]. In the second study, 34 patients experiencing RIE during frac-
tionated radiotherapy to the abdomen were treated with tropisetron which con-
trolled vomiting in 73% of cases [32]. The potential role of 5-HT; antagonists
as rescue medication has been suggested in these reports.
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Table 3. MASCC and ASCO risk levels according to irradiated site and suggested antiemetic drug

prescription
Risk level MASCC ASCO Antiemetic drug
prescription

High Total body irradiation Total body irradiation MASCC and ASCO:
Upper half body irradiation prophylaxis with
Abdominal bath 5-HT; antagonists *+
Total nodal irradiation dexamethasone

Moderate Upper abdomen Hemibody irradiation MASCC: prophylaxis
Lower thorax region Upper abdomen or rescue with
Pelvis Abdominal-pelvic 5-HT; antagonists *
Lower half body irradiation Mantle dexamethasone

Cranium (radiosurgery)

Craniospinal ASCO: prophylaxis
with dopamine
receptor antagonists
or 5-HTj; antagonists

Low Head and neck Cranium MASCC and ASCO:
Extremities Breast rescue with dopamine
Cranium Head and neck receptor antagonists or

Extremities 5-HT; antagonists

Pelvis

Thorax

MASCC = Multinational Association of Supportive Care in Cancer; ASCO = American Society of
Clinical Oncology.

Consensus Conference Guidelines

Two Consensus Conferences on Antiemetic Therapy were recently

Maranzano

organized, the first in Europe under the auspices of MASCC, the other one in
the USA held by an ASCO expert panel [28, 33, 34]. Although many ASCO
experts were involved in defining the MASCC guidelines, some differences
exist between the two guidelines, both in the definition of radiation emetic
risk categories and in the antiemetic prophylaxis suggested. These controver-
sies are due to a lack of systematic evaluation of RIE by an adequate number
of prospective randomized trials. In table 3 the different classification of
emetic potential of radiotherapy according to irradiated site as well the sug-
gested antiemetic drug prescription in the MASCC and ASCO guidelines are
shown. The following differences in the emesis risk groups are the most
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important: (1) the ASCO guidelines classified only TBI at high risk, whereas
MASCC ones added to this group abdominal bath, HBI and total nodal irra-
diation, and (2) moderate risk categories were quite different, too: thorax and
pelvis were classified as at low risk by ASCO and at moderate risk by MASCC
guidelines.

In table 3, MASCC and ASCO antiemetic prophylaxis are also reported
according to emetogenic potential of radiotherapy. Two therapeutic attitudes are
suggested: prophylaxis, giving the antiemetic drug(s) before each radiotherapy
fraction, or rescue, on an as-needed basis therapy beginning as soon as symp-
toms (usually nausea) develop. If for high and low risk levels the antiemetics
suggested by the two guidelines are similar, for patients at moderate risk level
there are clear differences because MASCC suggests prophylaxis or rescue
treatment with 5-HT; antagonists eventually associated with dexamethasone,
whereas ASCO suggests only prophylaxis with dopamine receptor antagonists
or 5-HT; antagonists without dexamethasone. Several double-blind studies
comparing a 5-HT; antagonist with a placebo or a dopamine antagonist for the
prevention of emesis induced by fractionated irradiation of the upper abdomen
have been published. These studies have found that the 5-HT; antagonist is bet-
ter [15-20]. It is strange that in this case the ASCO guidelines suggest using
either a 5-HT; antagonist or a dopamine antagonist, implying that the two drug
classes have the same efficacy. Furthermore, the ASCO guidelines suggest the
use of antiemetics on an as-needed basis for head and neck, thorax and pelvis
irradiation, classified as low risk level sites, after the demonstration by IGARR
observational trial that the incidence of RIE in this case is over to 40%.

In my opinion, considering that MASCC rather than ASCO risk group
classifications are more similar to those of the IGARR observational trial,
MASCC guidelines could be considered as a starting point for the prescription
of antiemetics in clinical practice. The results of other prospective clinical
trials, aimed at identifying which patients submitted to radiotherapy require
antiemetic prophylaxis or rescue and what the optimal treatment is, are
necessary.

Discussion

The IGARR observational trial evidenced that in clinical practice only a
minority of patients undergoing radiotherapy received antiemetic treatment,
and that rescue treatment was more often used than prophylaxis. This pattern of
utilization of antiemetics might have been due to an underevaluation of the clin-
ical relevance of RIE or a ‘wait-and-see’ attitude which seems to be preferred
by radiation oncologists [1]. The introduction of the 5-HT; receptor antagonists
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induced a significant improvement in the control of RIE. The 5-HT; receptor
antagonists offer better antiemetic prophylaxis than placebo [16, 17, 20, 22, 24]
or older antiemetic drugs [15, 18, 19, 21, 23, 25] in patients undergoing radio-
therapy with moderate to high emetogenic potential. In all these patient cate-
gories, 5-HT; antagonists should be considered the antiemetic treatment of
choice [2, 3, 5]. However, the recent published guidelines for the use of
antiemetics, differ somewhat both in classifying radiation emetogenic risk cat-
egories, and regarding the indications for the use of antiemetic drugs [28, 33].
Starting from the most important questions to be solved on RIE, some sugges-
tions are given for clinical practice and for planning future trials:

(1) Which categories of patients must be considered at greater risk of
developing RIE? Considering that MASCC rather than ASCO group categories
are similar to classification of the IGARR observational trial, in my opinion,
MASCC guidelines should be considered for the prescription of antiemetics in
clinical practice. Although IGARR trial evidenced a high incidence of RIE after
upper abdomen irradiation and a moderate incidence after cranium, head and
neck, thorax and pelvis irradiation, the future trials on RIE should concern
patients submitted to abdomen, pelvis and thorax radiotherapy considering their
prevalence in radiation oncology clinical practice.

(2) Which antiemetics are most effective in the treatment of these patients,
which is the optimal dose, and how long must antiemetics be given? When
patients are submitted to high-moderate emetogenic radiotherapy, the 5-HT;
antagonists should be the drugs of choice given prophylactically 1-2 h before
each radiotherapy fraction, at standard dose, and for the whole treatment
course.

(3) The addition of dexamethasone increases the efficacy of 5-HT; antag-
onists? Although in radiotherapy no prospective randomized studies have been
published evaluating the addition of corticosteroid to the 5-HT; antagonist in
comparison to the 5-HT; antagonist alone, in clinical practice, as in the treat-
ment of highly emetogenic chemotherapy, dexamethasone should be added to
the 5-HT; antagonist for categories of patients at high risk of RIE (i.e., TBI,
HBI, and abdominal irradiation). However, other trials should be planned to
examine if the addition of dexamethasone to the 5-HT; antagonist can give bet-
ter results in high-moderate risk profile patient categories.

(4) When is prophylaxis better and when is rescue antiemetic therapy bet-
ter? The use of a rescue antiemetic treatment is interesting if we weigh up the
better cost-effectiveness ratio with respect to prophylaxis. Certainly rescue ther-
apy must begin as soon as symptoms (usually nausea) develop. Patients submit-
ted to radiotherapy of low emetogenic risk (e.g., breast and extremities) do not
require any antiemetic prophylaxis; however, if vomiting or nausea are registered
during the radiotherapy course, rescue antiemetic medication (serotonin or
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dopamine receptor antagonists) should be administered. The effectiveness of the
rescue in patients at high-moderate risk of developing emesis is under discussion
and no randomized study regarding this problem was published. The IGARR is
presently carrying out a double-blind randomized clinical trial comparing pro-
phylactic ondansetron (8 mg orally twice a day for the entire radiotherapy
course) plus dexamethasone (2 mg orally three times a day for the first 5 days)
versus the same schedule of ondansetron and dexamethasone given as a rescue
treatment in patients undergoing fractionated radiotherapy to the upper
abdomen. The main goal of this ongoing trial is to verify if an as-needed based
antiemetic therapy can be as effective as the prophylaxis for patients irradiated
to the abdomen [30].

Many questions on RIE remain unanswered, and other prospective con-
trolled trials are needed for their solution.
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Introduction

Hyperemesis gravidarum (HG) may be defined as an advanced stage of
nausea and vomiting seen commonly in the first trimester of pregnancy. The
symptoms may be so serious that the patient may need hospitalization. While
75% of women complain of nausea and vomiting until the 14th week of preg-
nancy, fortunately the incidence of hyperemesis is only about 1-20 per 1,000
pregnant women. Several risk factors include female sex of the offspring, gra-
vidity number, high daily intake of primarily saturated fat prior to pregnancy,
gestational trophoblastic disease and multiple pregnancy [1-3]. Some of these
factors point to a high level of steroids such as estradiol and human chorionic
gonadotropin. Recurrence and multiple admissions to hospital may be encoun-
tered in some cases. Weight loss and abnormal electrolyte levels are the most
common problems, and besides these metabolic and endocrine derangements,
severe neurological, gastrointestinal and hepatic complications may occur. This
chapter will primarily focus on pharmacological treatment of patients with HG.

General Outlines for Initial Management

The patients diagnosed as having HG require hospitalization and are usu-
ally exhausted due to fatigue caused by persistent nausea and vomiting. If she
is not in negative balance, she may be followed on an outpatient basis and sim-
ple measures such as frequent but small feedings, choosing the most favorite
food and avoiding foul smells may suffice. Psychological support from both the



spouse and the family is of great help. It will be more difficult to overcome the
unpleasant effects of the syndrome if the patient has additional socioeconomic
problems. In a study comparing safety, efficacy and cost-effectiveness of treat-
ing patients at home versus hospitalization, the authors found out that the
success rate was similar with a significant reduced cost when patients were
treated at home [4].

If >2+ ketonuria is found on dipstick urinary analysis, and the patient
loses weight and seems exhausted, she needs to be hospitalized. The negative
balance is not only due to malnutrition, but also to weight loss caused by
persistent vomiting. She needs caloric intake as well as psychological support
from the medical team. If the baby is unexpected or not desired, management
may even become worse. The mother should be assured that this hard time with
vomiting episodes is temporary, and the problem will be overcome with both
medical and psychological management. The growing fetus should also be
accepted as a child, and both the patient and her spouse should accept them-
selves as mother and father. Psychological support from other family members
is an additive to the treatment. The patient may be allowed to change her
lifestyle according to her desire with flexible leisure and work hours. She may
be told that the severe form of hyperemesis will not lead to adverse perinatal
outcome as long as medical treatment is supplied.

The intravenous or rectal route may be selected for initial treatment and
then changed to the oral form when the symptoms begin to subside. Other med-
ical problems such as gastroenteritis, cholecystitis, pancreatitis, hepatitis, peptic
ulcer, pyelonephritis and fatty liver of pregnancy may underlie the symptoms,
therefore the patient with ongoing and/or worsening complaints should be eval-
uated for the correct diagnosis.

The patient must be weighed daily or every other day to see the changes.
Urine dipstick analysis will help monitor the nitrogen balance and glucose load
given in solutions. In some patients liver enzymes are elevated, but usually do
not increase more than 4-fold of the upper normal limit. Therefore, the levels
should be followed in these patients. Ultrasonographic evaluation will help to
rule out multiple pregnancy, gestational trophoblastic disease and give psycho-
logical support to parents by direct visualization of the fetus.

Pharmacotherapy of Hyperemesis

When simple measures fail and the patient feels that she is ‘ill’ other than
‘pregnant’, the healthcare provider needs to begin an antiemetic therapy. The
treatment can be divided into four headings: (1) ameliorating food intake; (2)
electrolyte balance; (3) antiemetic therapy, and (4) vitamin supplementation.
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Ameliorating Food Intake

As the patient is in a negative balance, she must receive either oral or par-
enteral food. A short course for oral intake may be tried first, but if persistent
vomiting exists, peripheral or central venous access should be begun. In addi-
tion, presence of =2+ ketonuria measured on a dipstick urine analysis may
necessitate parenteral support. Besides energy supplementation, electrolyte
replacement is crucial for the deficit and acid-base imbalances.

Daily intake of a nonpregnant and pregnant woman must be around 2,200
and 2,500 kcal respectively. Calories supply energy and whenever caloric intake
is inadequate, protein, which is vital for fetal growth and development, is metab-
olized to meet the energy demand. Therefore, the initial step in taking care of the
hyperemetic patient should be adequate nutrition. If she does not tolerate oral
feeding, fluid therapy with additional vitamins should be considered.

The most favorite food is advised for the hyperemetic woman, especially
during the recovery phase. Small but frequent feedings should be ingested. In
severe cases, chewing small ice cubes may help tolerate food intake and alleviate
nausea. Foul smells and fatty, fried, spicy and undesired foods must be avoided
in both the acute and recovery phases. Salty crackers may be well tolerated, and
potato chips serve as replacing potassium, folic acid and vitamin C [5]. Meal
times can be arranged according to the time of symptoms, such that eating may
be preferred when nausea is least severe. Small but frequent fluid intake may be
tried between meals. Though iron is not usually supplemented in the first
trimester of pregnancy, it should be especially avoided in patients with HG as
iron itself may irritate the gastrointestinal system.

Total parenteral nutrition may be necessary in severe cases especially if the
symptoms do not resolve within several days of management [6]. Amino acid
solutions and 25% dextrose supply protein formation and energy. In addition,
electrolytes, a multivitamin solution and a weekly 10% fat solution were admin-
istered. Significant nutritional improvement and anabolic state were achieved
after treatment. No adverse effect on perinatal outcome such as low birth
weight, placental insufficiency and preterm labor, and placental emboli on
pathological examination were seen. Thiamine supplementation should be kept
in mind in total parenteral nutrition and this type of therapy should be reserved
for intractable cases when usual measures fail. A peripherally inserted central
catheter was used in 3 women with HG for 28—137 days [7]. The perinatal out-
come was satisfactory and this type of venous access was suggested to avoid
some risks of subclavian entry with safe administration of long-term parenteral
nutrition. Enteral feeding is an alternative approach after the acute symptoms
subside with initial therapy [8, 9]. In addition, percutaneous endoscopic gas-
trostomy was performed in 2 intractable cases with resultant weight gain [10]. The
intervention did not cause any complications and the patients tolerated well and
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Table 1. Electrolyte concentrations (mEq/l) in each body compartment

Intracellular Extracellular
intravascular interstitial
Sodium 10 145 142
Potassium 140 4 4
Calcium <1 3 3
Magnesium 50 2 2
Chloride 4 105 110
Bicarbonate 10 24 28
Phosphorus 75 2 2

regained their lost weight. This type of nutrition may be reserved for patients in
negative balance with promising outcomes. Percutaneous endoscopic gastrostomy
was reported to be better than nasogastric feeding as it did not cause sinusitis,
epistaxis, negative impact on body image, and gastroesophageal acid reflux.

Electrolyte Balance

The concentration of various electrolytes in different body compartments
is seen in table 1. Extracellular fluid, namely the intravascular compartment,
supplies energy to the tissues and removes waste products away from them.
Therefore, maintenance of a constant volume and pressure is vital, especially in
a pregnant woman who not only nourishes herself but also the growing fetus.
Daily water intake and loss are approximately 2,500 ml in a normal adult, and
the primary route for this loss is urine. In pathological states such as hyper-
emesis, fluid loss is exacerbated through the gastrointestinal system.
Progressive vomiting may lead to hyponatremia with a resultant decrease in
urinary sodium output. Severe hyponatremia may cause a shift towards the
intracellular compartment and result in lethargy, confusion and seizures. For
patients with <10 mEq/l urine sodium concentration, isotonic saline replace-
ment should be the standard therapy (normal daily urinary sodium excretion is
60 mEq/1). The amount of sodium which should be replaced can be calculated
according to the following formula:

Sodium deficit = Total body water X (130 — present concentration)

Total body water is about 50% of body weight in females, but obesity
decreases water content. The amount of saline can be calculated by dividing
sodium deficit by 154, which is the content of isotonic saline solution. The
desired fluid treatment rate is 0.5 mEq/1I/h, but this can be raised up to 3-fold in
severe cases.
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Table 2. Various solutions commonly used for patients with HG

Solution D Na* K* Cl- Ca®* Mgt PO~ Lactate Acetate Gluconate
g mEq/l mEgq/l mEq/l mEgl mEq/l mEql mEql mEqg/l

5% D 5

20% D 20

30% D 30

5% DRL 5 130 4 109 3 28

Saline

Isolyte 5 40 35 40 15 20

Isolyte S 141 5 98 3 1 27 23

Isolyte M 40 35 40 15 20

D = Dextrose; DRL = dextrose-Ringer lactate.

Increased potassium loss may also be seen due to severe vomiting, and
increased sweat formation may contribute to this loss. Urinary potassium excre-
tion may be <20mEq/l (normal value is 35 mEq/l). Hypokalemia may lead to
cardiovascular problems such as dysrhythmia and myocardial dysfunction;
neuromuscular problems such as skeletal muscle weakness and tetany, and also
hormonal and metabolic derangements. The amount of potassium which should
be replaced can be calculated according to the following formula:

Potassium deficit = 50 X (4 — present concentration)
(the coefficient 50 should be replaced with 100 in obese subjects)

Potassium may be added in solutions and administered at a rate of
20-30mEq/l, but usually it should not exceed 40 mEq/l. Dextrose-containing
solutions may lead to hyperglycemia with resultant hyperinsulinemia which
enhances membrane-bound Na*, K*-ATPase and a shift of potassium towards
intracellular compartment. Intravenous replacement rate and maximum daily
potassium amount should not exceed 10 mEq/h and 140 mEq/day respectively.
Common solutions used for fluid therapy are seen in table 2.

Skin turgor, hydration of mucous membranes and blood pressure point to
the degree of hypovolemia. A decrease in blood pressure in normal pregnant
women should be kept in mind to avoid false-positive diagnosis in hypotension.
Aqueous solutions of low-molecular-weight ions are crystalloid solutions
whereas high-molecular-weight substances such as proteins or large glucose
polymers are colloid solutions. Colloid solutions mostly remain in the intravas-
cular compartment while crystalloid solutions fill the entire extracellular com-
partment. In patients with HG, water and caloric loss are mostly associated with
electrolyte disturbances and replacement therapy is not only maintained with
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glucose, but also with isotonic electrolyte solutions. Colloid solutions are not
usually indicated in hyperemetic patients unless the patient has severe fluid
deficit and hypotension. Dextran 70 and dextran 40 are colloids commonly
used to maintain intravascular volume.

One gram of glucose supplies approximately 3.4 kcal. In our daily practice,
we administer 30% dextrose in water together with 5% dextrose in water via the
same venous access twice daily, and we individualize electrolyte solutions
according to the deficits. Though some authors may accept high intravenous
dextrose as a precipitating factor for severe neurological complications, we
have not seen such a case yet, and the daily calorie requirement needs to be met
somehow. Daily sodium, potassium and chloride requirements are roughly
1 mEqg/kg. This amount can be added with the calculated loss and given in 24 h.

Antiemetic Therapy

Various antiemetics may be given with vitamin supplementation.
Promethazine, prochlorperazine, chlorpromazine, meclizine, droperidol-
diphenhydramine and metoclopramide are the most commonly used agents to
alleviate nausea and vomiting.

H,-Receptor Antagonists

Histamine is an important mediator of immediate allergic and inflamma-
tory reactions and functions as a neurotransmitter in certain areas of the brain.
Most tissues contain histamine in bound form in granules in mast cells or
basophils. The bound form is inactive and released to various stimuli.
Histamine interacts with its receptors located on the cellular membrane, and
increases intracellular Ca?* through H,-receptors. The H;-antagonists, which
are used to block the actions of histamine, are lipid-soluble and rapidly
absorbed following oral use. They are widely distributed throughout the body
including the central nervous system. Duration of action is 4—6h except
meclizine which acts around 12-24 h. H,-receptor antagonists act by reversible,
competitive antagonism at the specific receptor. Some of the actions of these
antagonists, including prevention of nausea and vomiting, are not related to the
blockade of the receptor. These actions are probably due to having similar struc-
ture with the drugs which affect muscarinic cholinoceptor, a-adrenoceptor and
serotonin sites. Sedation is a common denominator of H;-antagonists with dif-
ferent severity depending upon the chemical structure. The subgroups and
effects of H,-antagonists are seen in table 3. Besides sedation, postural hypoten-
sion may occur due to adrenoceptor blocking action especially in the phenoth-
iazine group.

In a multianalysis including 24 controlled studies involving more than
200,000 women, no increase in teratogenic risk was observed in the offspring
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Table 3. The effects of commonly prescribed anti-histamines

Group Effects FDA class Dose
Ethanolamine

Dimenhydrinate Marked sedation, ANV Bu 50mg
Diphenhydramine Marked sedation, ANV C 25-50mg
Doxylamine Marked sedation, ANV B 1.25-25mg
Piperazine

Meclizine Slight sedation, ANV Bum 25-50mg
Phenothiazine

Promethazine Marked sedation, ANV C 10-25mg

ANV = Anti-nausea and vomiting; FDA = Food and Drug Administration. FDA
Classification: B = Either animal reproduction studies have not demonstrated a fetal risk but
there are no controlled studies in pregnant women or animal reproduction studies have shown
an adverse effect that was not confirmed in controlled studies in women in the first trimester.
C = Either studies in animals have revealed adverse effects on the fetus and there are no con-
trolled studies in women or studies in women and animals are not available. Drugs should be
only if the potential benefit justifies the potential risk to the fetus.

Subscript M (e.g., By): Many drugs have not been given a letter rating by the manufac-
turers. Subscript M identifies that the rating was given by its own manufacturer in the pro-
fessional literature.

of patients who received antihistamines in the first trimester [11]. The odds
ratio for major malformations was found to be 0.76 (98% CI: 0.60-0.94), and
antihistamines were found safe to be prescribed during pregnancy.

Antipsychotic Agents

Chlorpromazine and prochlorperazine are phenothiazine derivative antipsy-
chotic drugs with strong antiemetic effects. They are both included in class C
according to the FDA classification. They act by blocking dopamine receptors
located on the chemoreceptor trigger zone and the stomach. Another antipsy-
chotic agent, droperidol, is a butyrophenone derivative and is also used for
nausea and vomiting. It is a class Cy; drug and was used in combination with
diphenhydramine in patients with HG [12]. This treatment was safe and more
effective than various other antiemetics with fewer re-admissions to the hospital.

Metoclopramide

Metoclopramide, a potent dopamine antagonist, is a class By, drug. As the
drug is effective in stimulating peristalsis of the bowel, it is frequently used to
alleviate nausea and promote bowel motion during the postoperative period.
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The antiemetic effect is due to centrally acting dopamine antagonism. It also
raises lower esophageal sphincter tonus and accelerates gastric emptying and is
therefore useful to prevent aspiration in pregnant patients who undergo
cesarean section. The most common side effects are somnolence and nervous-
ness. It is frequently used as an antiemetic in pregnant women. In a study
involving 301 women, a subcutaneous metoclopramide pump was used on an
outpatient basis and was found to be both safe and cost-effective in the treat-
ment of HG [13]. Around 65% of the patients had complete resolution, though
55% of the patients had side effects, most of them were mild and the drug was
well tolerated.

Trimethobenzamide

This FDA class C drug acts by inhibiting the chemoreceptor trigger zone,
and the duration of action is around 4—6 h. The drug may be given by either oral,
parenteral or rectal route. Oral absorption may vary among individuals, there-
fore the efficacy may be different. Adverse effects such as lethargy, dizziness
and diarrhea may be seen with high doses.

Other Agents

We will now discuss some other agents which have been used in clinical
trials but not widely used by obstetricians. Diazepam, a sedative-hypnotic
benzodiazepine, potentiates GABAergic neurotransmission in both the central
nervous system and the spinal cord. This results in a change in chloride ion
conductance leading to a decrease in neuronal discharge. The major indication
of this class D drug is relief of anxiety and sedation and it has been added to
fluid and vitamin therapy in patients with HG [14]. It effectively reduced
nausea and no teratogenic effect was observed.

Ondansetron, a class B drug, is a 5-hydroxytryptamine receptor antagonist
and used to prevent severe nausea and vomiting during chemotherapy and the
postoperative period. Though the drug is usually accepted to be a strong
antiemetic, it was not found to be superior to promethazine [15]. Hospital stay,
medication doses desired by the patients, decline in the severity of nausea and
daily weight gain were similar between the two groups. A patient was reported
to receive the drug intermittently in every trimester without any side effects to
the fetus [16].

Though adrenocorticotropic hormone had no benefit [17] on HG, universal
anti-inflammatory agents, steroids, have been beneficial in refractory cases.
Short-acting forms, methylprednisolone and hydrocortisone, were used
with high success rates [18, 19]. Oral methylprednisolone was found to be
more efficacious than promethazine in reducing the re-admission rate of the
patients without any difference in perinatal outcome. Methylprednisolone or
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promethazine was given to patients in a randomized fashion if nausea and vom-
iting did not resolve after initial fluid therapy or if it was the second admission
of the patient. The patients received oral methylprednisolone 16 mg tid for
3 days, then the dose was tapered by halving of the dose every 3 days. No
re-admittance to the hospital was observed in the methylprednisolone group
compared with 5 patients who received promethazine. Hydrocortisone led to
cessation of vomiting within hours and the regaining of lost weight within days.
In this study, the patients were maintained with oral prednisolone therapy up to
45mg/day. In some patients, oral prednisolone was continued for 10.6 = 4.7
weeks. Steroids are accepted to affect the chemoreceptor trigger zone and be
reserved for intractable nausea and vomiting. Short-term use does not seem to
affect adversely birth weight and Apgar scores. In a recent report by Moran and
Taylor [20], the authors confirmed weight loss >5% of prepregnant weight to be
the best objective clinical indicator of severity, and prednisolone therapy was
found to be effective in women with severe HG not only in resolving the symp-
toms, but also in allowing recovery of muscle mass and muscle strength. Steroid
therapy was not associated with decreased birth weight and was considered to be
reserved for severe cases. In another study, though steroid therapy improved the
symptoms and increased weight gain, the authors concluded that this type of
treatment did not lead to complete and rapid remission [21]. In this study,
although there was a significant improvement in the sense of well-being and an
increased intake of food and weight gain was observed, severity of nausea and
amount of vomiting did not decrease significantly. The authors related this result
to the limited sample size, premature termination of the study and randomiza-
tion procedures. The efficacy of the drug has been emphasized, but the authors
are contrary to the previous reports where prompt relief was reported.

Ginger was reported to diminish or eliminate the symptoms of HG without
any side effects [22], but its mutagenic effects are not known in humans.
The degree of nausea and the frequency of vomiting decreased with ginger.

Vitamin Supplementation

Wernicke’s encephalopathy and associated thiamine deficiency were
reported in pregnant women with HG [23, 24]. The first case had almost total
blindness and was confused before diagnosis and responded dramatically to
intravenous thiamine and oral multivitamins. In addition, the second case also
recovered following thiamine treatment. Thiamine deficiency seems to be
the most important factor leading to neurological complications, therefore it
should be administered to patients with HG before the advanced stage of the
syndrome.

Pyridoxine has been given to resolve the symptoms of HG in various stud-
ies [25, 26]. In both studies the severity of nausea was reduced, but a positive
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effect on vomiting was reported in the study which used a higher dose. A high
dose, >75mg/day, may be harmful. In our daily practice we give pyridoxine
orally in a combined form with meclizine. Most of our patients tolerate the drug
well and the symptoms subside if not severe.

A recent review by Mazotta and Magee [27] revealed that treatment with
doxylamine and pyridoxine, antihistamines or pyridoxine did not have any ter-
atogenic effect on the fetuses whose mothers were exposed to such drugs.

Vitamin K deficiency was reported in a hyperemetic woman who had
severe epistaxis [28]. The authors suggested that HG caused inadequate uptake
and absorption of vitamin K resulting in coagulopathy and bleeding. In severe
cases, vitamin K supplementation may be considered.

Perinatal Outcome

Reduced caloric intake during gestation was reported to stimulate placen-
tal growth, optimize fetal growth and well-being later in pregnancy [29].
Placental size was found to be greater in women who were malnourished only
in the first trimester [30]. In addition, the offspring of rats underfed in early
gestation tended to be larger than those underfed in late pregnancy [31].
Therefore, if severe complications are not seen and the patient responds well to
treatment, low birth weight is not expected.

Birth weight, gestational age, preterm delivery, Apgar scores, perinatal
mortality and incidence of fetal anomalies did not differ in normal and hyper-
emetic patients [32]. In another study, no increased risk of growth retardation,
congenital anomalies and prematurity was detected [33]. According to these
studies, the hyperemetic patient may be assured that she most likely will not
face poor perinatal outcome only due to hyperemesis. However, in cases with
multiple admissions to the hospital, patients may have a more severe nutritional
disturbance, reduced maternal weight gain and birth weight [34].

In summary, vomiting and/or nausea are the most common complaints
during early pregnancy, but the severe form, hyperemesis, is quite rare. Most
patients with HG require hospitalization and antiemetics, and short-term
steroid therapy may be beneficial in intractable cases. Serious complications
are rare but medical therapy is mandatory. Vitamin supplementation, espe-
cially thiamine and pyridoxine, seems to prevent neurological complications
and help treatment. Hyperthyroidism may accompany about 60% of patients
which may not require specific therapy. Helicobacter pylori infection was
reported to occur in these patients and appropriate antibiotics may cure the
infection. Enteral feeding is an alternative therapy for patients who do not
tolerate oral ingestion.
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Physiologic changes occurring during pregnancy commonly affect the gas-
trointestinal tract. Nausea and vomiting during pregnancy is common, affecting
between 50 and 90% of gravidas [1]. Of women who experience nausea and
vomiting during pregnancy, 70% sustain this symptomatology between the 4th
and 7th week of pregnancy. Less than 10% of patients will note this occurrence
before their missed period [2]. In approximately 90% of cases, vomiting ceases
by the 16th week of gestation [2]. Nausea and vomiting in early pregnancy has
a profound impact on women’s general sense of well-being and day-to-day life
activities [3]. The occurrence of nausea and vomiting during pregnancy is of
such clinical significance that the National Institute of Child Health and Human
Development (NICHD) and the Office of Rare Diseases Research at the
National Institutes of Health (NIH), recently supported a conference pertaining
solely to this topic. The meeting was the first of its kind and was designed to
convene investigators representing medical disciplines including neuro-otology,
gastroenterology, oncology, teratology, internal medicine, behavioral medicine,
endocrinology, psychology, developmental biology, pediatrics, obstetrics and
maternal-fetal medicine [4].

Hyperemesis gravidarum — pernicious vomiting of pregnancy — is a severe
form of nausea and vomiting in pregnancy often associated with weight loss,
ketonemia, ketonuria, electrolyte imbalance, dehydration and possible hepatic and
renal damage which may persist throughout gestation [5, 6]. The true incidence
of hyperemesis gravidarum has not been established, yet has been reported at
between 0.3 and 2%, with most authors reporting an incidence of 0.5% [5, 7, 8].



The following chapter examines current data pertaining to epidemiology,
etiology, clinical manifestations, differential diagnosis, complications, various
treatment modalities, subsequent perinatal outcome, and recent developments.

Epidemiology

Hyperemesis gravidarum ranges in incidence between 0.3 and 2% of all
deliveries. Annually in the USA more than 50,000 women are hospitalized with
the diagnosis of hyperemesis gravidarum with an average hospital stay of
4 days per patient [9, 10].

Significant ethnic differences in the incidence of hyperemesis gravidarum
have been noted among various populations. New Zealand Pacific Island
women, United Kingdom Indian and Pakistani, and African American women
have increased rates of occurrence in comparison with ethnic European women
[11-13]. Increased incidences have been noted in association with nulliparity
(odds ratio (OR) 1.6), adolescent patients, patients with increased body weight
(Quetelet’s index, kg/m?> =24, OR 1.5), multiple gestations (twins OR 1.5), ges-
tational trophoblastic disease, fetal abnormalities including triploidy (partial
mole), fetal central nervous system malformations (OR 4.0) and the occurrence
of hyperemesis gravidarum in a previous pregnancy. Decreased incidences have
been noted among patients with advanced maternal age (=35 years of age,
OR 0.5), maternal smokers (OR 0.6) and current fetal demise [11, 14].

Etiology

The precise underlying etiology of hyperemesis gravidarum remains
elusive. Numerous etiologies have been considered and include: gestation-
associated hormone levels, thyrotoxicosis, serotonin, upper gastrointestinal
dysmotility, psychological factors, hepatic abnormalities, autonomic nervous
dysfunction, nutritional deficiencies and Helicobacter pylori infection.

Hormonal Levels

Serum levels of B-human chorionic gonadotropin (3-hCGQG) peak early in
gestation (10 weeks). Concurrent with the increase in serum 3-hCG concentra-
tions, levels of estradiol and progestins display a steep increase [15]. These
facts and the increased incidence of hyperemesis gravidarum observed in
association with both multiple gestations and gestational trophoblastic disease
suggest that B-hCG, estradiol and 17-hydroxyprogesterone may play a pivotal
role in the pathogenesis of this disease. In 1980, Soules et al. [16], in studying
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normal and molar gestations, were unable to demonstrate convincing relation-
ships between these hormones and the incidence or severity of nausea and
vomiting in pregnancy. Conversely, numerous authors have recently demon-
strated an increase in serum levels of free 3-hCG among patients with hyper-
emesis gravidarum versus control patients matched for age, weight and
gestational age. Goodwin et al. [17] demonstrated an almost twofold increase of
serum hCG, and threefold increase in free B-hCG serum levels, whereas a-hCG
serum levels did not differ between the two groups studied. Furneaux et al. [18]
recently reviewed the relationship between nauseas and vomiting of pregnancy
and hCG.

hCG is also considered to cause direct elevation of thyroid hormone levels
by hormone cross-talk to the thyrotropin (TSH) receptor [19]. Recently, Jordan
et al. [20] noted a twofold increase in the mean serum total hCG levels among
patients with hyperemesis gravidarum when compared with controls. The
increase in hCG concentration was noted in the more acidic half of the chro-
matofocusing pH range correlating with significantly lower mean serum TSH
levels in the study group and concluded that acidic isoforms of hCG may play
a role in hyperemesis gravidarum and gestational thyrotoxicosis. Panesar et al.
[21] compared sensitive thyroid-stimulating hormone, free thyroxine, free
triiodothyronine and total 3-hCG immunoassay levels of patients with hyper-
emesis gravidarum with those of healthy pregnant controls matched for gesta-
tional age. These authors concluded that hCG is not independently involved in
the etiology of hyperemesis gravidarum but may be involved by its ability to
stimulate the thyroid. It should be mentioned however that other authors have
not been able to confirm the role of hCG as a thyroid stimulator in patients with
hyperemesis gravidarum [22].

Similarly, Depue et al. [14] demonstrated that after adjusting for gesta-
tional age, mean levels of total estradiol and sex hormone binding globulin
were 26 and 37% higher, respectively, among patients with hyperemesis gravi-
darum versus controls, suggesting that elevated estrogen levels are responsible
for excessive vomiting in pregnancy.

Thyrotoxicosis

Diagnosis of thyroid disease and analysis of thyroid function tests in preg-
nant women is complex. Although autoimmune thyroid disease has traditionally
been considered the most common etiology of thyrotoxicosis in pregnancy,
recent studies indicate that increased production of B-hCG (as stated above) is
the leading cause for thyroid function abnormalities during the first half of
pregnancy [23]. Increased free thyroxin (T,) index was observed in 24 (73%) of
33 women with hyperemesis gravidarum [24]. Other studies demonstrated an
incidence ranging between 40 and 58% [25, 26]. Conversely, Wilson et al. [27]
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in 1992 found no consistent pattern of thyroid function abnormality among
patients with hyperemesis gravidarum compared with controls.

As women with hyperthyroidism rarely manifest vomiting, it appears
unlikely that thyrotoxicosis (abnormal thyroid function) is the etiology of
hyperemesis gravidarum. Recently, a link between hyperemesis gravidarum and
thyroid stimulation during pregnancy has been related to 3-hCG (lacking the
carboxyl terminal of the intact hCG molecule) and has been termed tran-
sient/gestational hyperthyroidism as discussed previously [19, 20, 28, 29].

Serotonin

Central and peripheral serotonin receptors may play an important role in the
vomiting reflex arc [30]. Serotonin exerts its physiologic effects on a variety of
receptor subtypes in the central nervous system, gastrointestinal tract and other
sites and is involved in many clinical conditions of emesis in humans [31].
Serotonin receptor compounds used for treatment of nausea and vomiting
include 5-HT; receptor antagonists and 5-HT, receptor agonists [31]. Cases
have been reported of successful application of ondansetron (Zofran) a 5-HT;
receptor antagonist for intractable hyperemesis gravidarum [32, 33]. These cases
led Borgeat et al. [34] to examine a possible relationship between hyperemesis
gravidarum and liberation of serotonin. Urinary hydroxyindoleacetic acid
(HIAA), a major urinary metabolite of serotonin, was measured in 13 patients
with hyperemesis gravidarum, 10 normal controls and 10 nongravid women
(matched for age, and not taking oral contraceptive medications). No differences
in urinary excretion of HIAA were noted between the groups. The authors con-
cluded that hyperemesis gravidarum was not associated with increased serotonin
secretion. Subsequently, Sullivan et al. [30] conducted a double-blinded, ran-
domized controlled study comparing intravenous ondansetron to promethazine
among patients with hyperemesis gravidarum. No difference in response to the
two medications was noted.

Upper Gastrointestinal Dysmotility

During pregnancy, esophageal gastric and small bowel motility are
impaired as a result of smooth muscle relaxation due to increased levels of
progesterone, factors which in concert may contribute to increased nausea and
vomiting [1]. Hormonal changes alter low esophageal sphincter function mani-
fested mainly by heartburn, but also by nausea and vomiting. Lower esophageal
sphincter pressure gradually decreases during pregnancy. Van Thiel et al. [35]
noted resting lower esophageal sphincter pressure to be low throughout all
gestation with a nadir in the third trimester returning to normal postpartum.

Delayed gastric emptying during pregnancy contributes significantly to
increased nausea and vomiting [1]. Koch et al. [36] measured gastric electric
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rhythm by recording electrogastrograms (EGG) in pregnant women with vari-
ous degrees of nausea and vomiting of pregnancy and found gastric dysrhyth-
mias in the vast majority of cases. Of 32 patients examined, 17 (53%) exhibited
tachygastria and 9 (28%) exhibited bradygastria. The remaining patients had
minimal nausea or vomiting and exhibited normal EGG studies as did 15/17
(94%) healthy nonpregnant patients. Six patients with nausea and abnormal
EGG studies exhibited postpartum normalization of their EGG. Riezzo et al.
[37] conducted EGG studies before and after consumption of a standardized
meal in 9 women with first trimester nausea and vomiting and 2 months fol-
lowing elective termination of pregnancy and in 8 control pregnant women
without nausea and vomiting. Among the patients with hyperemesis gravi-
darum, there was a higher incidence of unstable EGG activity and a reduced
increase in postprandial power during pregnancy than after pregnancy termina-
tion. These authors concluded that gastric myoelectrical activity is normal
although unstable, mainly after food ingestion in asymptomatic pregnant
patients returning to normal after pregnancy termination. These characteristics
are significantly more pronounced among symptomatic patients.

Maes et al. [38] investigated gastric emptying of solids in asymptomatic
pregnant patients, patients recovering from hyperemesis gravidarum and
healthy nonpregnant women, using '*C-octnoic acid gastric emptying breath
test. Gastric emptying of solids was not different among asymptomatic preg-
nant patients and nonpregnant controls. Gastric emptying of solids was signif-
icantly accelerated among patients recovering from hyperemesis gravidarum.
These results led the authors to conclude that upper gastrointestinal disorders
were not implicated in hyperemesis gravidarum. A detailed review of gastroin-
testinal factors in nausea and vomiting of pregnancy including a diagnostic
approach and therapeutic options for treating nausea and vomiting of pregnancy
based on understanding of gastric neuromuscular dysfunction has been outlined
by Koch [39].

Helicobacter pylori Infection

H. pylori-associated gastritis may manifest clinically with nausea and
vomiting. The incidence of H. pylori infection among women of childbearing
age in the USA is low. An incidence of peptic ulcer disease of 6 per 23,000
deliveries was reported by Michaletz-Onody [40]. The incidence of seroposi-
tivity to H. pylori was 22% among 562 pregnant women studied [40].

Frigo et al. [41] demonstrated that 90.5% of women with hyperemesis
gravidarum were seropositive to H. pylori (by enzyme-linked immunoassay
using specific serum IgG antibodies) in comparison with 46.5% of pregnant
controls, matched for gestational age. Recent case reports have suggested that
eradication of H. pylori infection ameliorated clinical hyperemesis gravidarum
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[42, 43]. Lanciers et al. [44] in 1999 assayed sera from 229 asymptomatic preg-
nant women for the presence of H. pylori-specific immunoglobulin G (IgG)
and immunoglobulin M (IgM) antibodies by means of a commercially avail-
able serum ELISA test, and results compared with those previously obtained in
symptomatic, healthy, nonpregnant individuals. 120/229 women (52.4%) and
55/118 nonpregnant subjects (46.6%) were seropositive for H. pylori-specific
IgG antibodies (p > 0.3). Out of these 120 IgG antibody-positive women, 36
(30%) were positive for H. pylori-specific IgM antibodies, as were 25/109
(22.9%) in the IgG antibody-negative group (p > 0.3). Overall, 61/229
(26.6%) of the pregnant women had recently been infected with H. pylori,
compared with 11% of the healthy, nonpregnant population (p > 0.01), con-
firming the possibility of an increased susceptibility of H. pylori infection in
pregnancy [44].

Clearly at this stage, additional studies are required to further understand
the immune response to H. pylori in pregnancy.

Hepatic Abnormalities

Throughout pregnancy, an increased load of steroid hormone production
exists creating an increased physiologic burden on the liver which is the major
site of steroid hormonal inactivation. Liver disease may manifest with nausea
and vomiting. Liver test abnormalities are commonly noted in association with
hyperemesis gravidarum. Morali and Braverman [45] in a retrospective analy-
sis of 80 patients with hyperemesis gravidarum demonstrated abnormal liver
enzymes (both GPT and GOT, approximately =4 times the normal) in 16% of
cases. When patients with hyperemesis were analyzed according to the presence
or absence of liver enzyme abnormality, the two groups differed significantly
with regard to gestational age. The mean gestational age of the group with liver
function abnormalities was 14 weeks = 10 days versus 6.3 weeks = 14.7 days
in the group with normal liver function. Interestingly, in this study no correla-
tion was noted between liver function abnormality and degree of ketonuria, thus
suggesting factors other than starvation may produce the abnormal liver func-
tion in hyperemesis gravidarum [45]. An additional study by Wallstedt et al.
[46] noted that 50% of patients hospitalized with hyperemesis gravidarum
exhibited abnormal liver function. Larrey et al. [47] reported recurrent jaundice
in a woman with hyperemesis gravidarum in three consecutive pregnancies.
Rapid recovery after cessation of vomiting in this patient, suggested an associ-
ation of hyperemesis gravidarum and jaundice [47]. A similar association
between jaundice and hyperemesis was reported by Orazi et al. [48].

Taken together, the fact that liver abnormalities do not occur in all
patients with hyperemesis gravidarum and are associated with a more severe
disease course and resolve spontaneously concurrent with disease resolution,

Hyperemesis gravidarum in the Clinical Setting 209



leads to the thought that liver dysfunction is a secondary event in hyperemesis
gravidarum.

Lipid Metabolism

Modest differences in serum lipid and lipoproteins in association with
hyperemesis gravidarum have been considered related to altered hepatic estro-
gen metabolism [15]. Signorello et al. [49] conducted a case-control study to
investigate the effect of prepregnancy diet (and in particular dietary fat) on the
risk of developing severe hyperemesis gravidarum. These authors noted that
prepregnancy high daily intake of total fat increases the risk of hyperemesis
gravidarum (OR 2.9 for each 25 g/day increase), which was driven primarily by
saturated fat (OR 5.4 for each 15 g/day increase). No independent effect of total
energy intake was noted.

Autonomic Nervous Dysfunction

Changes in autonomic functions that may be related to physiologic
changes in pregnancy include changes in blood volume, temperature, heart rate
and vascular resistance. When EGG abnormalities occur, these are associated
with abnormalities of sympathetic adrenergic function [15]. Minagawa et al.
[50] investigated the immunological status throughout gestation and found that
activation of granulocytes, natural killer (NK) cells and extrathymic cells
through sympathetic nerve activation are essential for the maintenance of preg-
nancy. Overactivation of the immunological state may be responsible for the
onset of pregnancy-related disorders. Patients with pregnancy-related disorders
including hyperemesis gravidarum exhibited higher blood and uterine levels of
NK and/or extrathymic T cells [50].

Nutritional Deficiencies

Deficiencies of trace elements have been considered possible etiologies of
hyperemesis gravidarum. A number of reports have demonstrated that patients
with hyperemesis gravidarum are deficient in vitamin B4 and propose that his
deficiency is caused by increased need for the co-enzyme pyridoxale phosphate
due to changes in protein metabolism during pregnancy [51]. Studies assessing
serum zinc and copper levels of pregnant women have not noted differences
between normal women and patients with hyperemesis gravidarum [52—54].

Psychological Factors

Psychological and psychiatric factors have been strongly implemented in
association with hyperemesis gravidarum [5, 55, 56]. Frequent occurrence of
hyperemesis gravidarum has been linked to both stress and emotional ten-
sion [55]. Hyperemesis gravidarum appears more common among immature,
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dependent, hysteric, depressed or anxious women [57]. Hyperemesis is consid-
ered a possible protest reaction against the pregnancy as a result of psychologi-
cal conflicts especially from within the familial and home environment. The
importance of psychological factors in the etiology of hyperemesis gravidarum is
emphasized by the disappearance and recurrence of symptomatology in relation
with separation or return to the family environment and by the fact that this dis-
ease is amenable to treatment with hypnosis and other forms of suggestion [57].

Eating disorders have been associated with hyperemesis gravidarum [58].
A series of 13 women in whom an eating disorder was precipitated during preg-
nancy, including 4 with hyperemesis gravidarum, were described indicating that
the interaction between the two entities is variable and dependent upon the indi-
vidual psychological characteristics of the patient [59].

Although few data support the hypothesis that nausea and vomiting in
pregnancy is a true conversion disorder, evidence exists that supports psycho-
logical responses to the physiological conditions underlying this problem may
become entrenched, or conditioned. An extensive review of psychological fac-
tors in the etiology and treatment of severe nausea and vomiting in pregnancy
has been published by Buckwalter and Simpson [60].

Diagnosis

Clinical Manifestations

Hyperemesis gravidarum is a clinical diagnosis depending on typical pre-
sentation and exclusion of other causes. The disease typically occurs between
the 4th and the 10th week of gestation, with resolution by the 20 weeks’ gesta-
tion. While initially the nausea and vomiting are tolerable, gradual weight loss
(=5% of body weight), dehydration accompanied by abnormal serum elec-
trolyte levels, and ketosis may occur. Hypersalivation occurs frequently, yet
rarely is a major complaint.

Physical Examination

Patients with hyperemesis gravidarum presenting to the emergency depart-
ment are often significantly dehydrated. These patients may manifest orthosta-
tic changes (both systolic blood pressure, mean change 8.3 = 12.3 mm Hg, and
heart rate changes, mean 26.8 * 14.5bpm) which improve upon rehydration
[61]. However, the presenting orthostatic changes /ack sufficient sensitivity to
be effectively applied as a quantitative screening tool for the severity of dehy-
dration [61]. In severe cases, a dry and furry tongue (resulting from severe
hypovolemia) and ketotic breath may be noted [62]. Infrequently, patients may
manifest jaundice [47, 48].
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Laboratory Findings

Laboratory findings include evidence of dehydration: increased urine-
specific gravity and ketonuria, increase serum blood urea nitrogen and hemat-
ocrit levels, electrolyte disturbances including hyponatremia, hypokalemia and
hypochloremia, which may be found in 15-25% of patients [63]. Elevated
serum amniotransferases and total bilirubin occur in between 15 and 50% of
patients [45, 46]. Robertson and Miller [64] demonstrated that 24% of patients
with hyperemesis gravidarum will exhibit elevated serum amylase levels with
normal pancreatic amylase suggesting the source of the elevated amylase is
salivary. Abnormalities in thyroid function, mainly elevated free T, index or
suppressed TSH, are found in approximately 60% of patients [63]. A number of
authors have noted decreased serum vitamin By levels [51]. No alterations in
serum zinc and copper metabolism were noted [53].

Differential Diagnosis

Numerous disease entities must be considered in the assessment of the
pregnant patient presenting with nausea and vomiting (table 1). A thorough
medical history should be obtained, meticulous physical examination and
targeted laboratory examinations be performed. These include an electrocar-
diogram and pelvic ultrasound to document pregnancy viability, number of
fetuses (gestational age and rule out gestational trophoblastic disease). At
times, abdominal ultrasound and upper gastrointestinal endoscopy may be
required. Unusual causes of nausea and vomiting such as intracranial tumor and
central pontine myelinolysis should be considered [65, 66].

Maternal Complications

Prior to the 1940s (at which time fluid and electrolyte dynamics were not
clear) maternal death complicating hyperemesis was not uncommon. In the
distant past, due to the severity of potential complications of hyperemesis gravi-
darum, at times pregnancy termination was advocated [62]. Currently, hyper-
emesis gravidarum is rarely associated with death. Notwithstanding, serious
life-threatening complications may occur. The most common serious reported
complication involves the central nervous system. These include:

Wernickes encephalopathy: This condition is manifested by confusion,
gait ataxia, ophthalmoplegia or convulsions [67-73]. Wernicke’s encephalopa-
thy is due to a deficiency in of thiamine (vitamin B,) an essential co-factor in
carbohydrate metabolism. In the clinical setting of hyperemesis gravidarum this
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Table 1. The differential diagnosis of hyperemesis gravidarum

Drug toxicity/side effects

Hepatic and gastrointestinal disorders
Viral hepatitis (A through E)
Fatty liver of pregnancy
Preeclampsia and HELLP syndrome peptic ulcer disease
Cholelithiasis
Gastroenteritis
Pancreatitis
Appendicitis

Genitourinary disorders
Gestational trophoblastic disease
Pyelonephritis
Nephrolithiasis
Uremia
Degeneration of uterine leiomyomas
Adnexal torsion

Neurological disorders
Pseudotumor cerebri
Vestibular disorders
Migraine
Central nervous system lesions
Conversion disorders

Metabolic disorders
Hyperthyroidism
Addison’s disease
Diabetic ketoacidosis
Porphyria

deficiency is usually caused by replacement of fluid without thiamine supple-
mentation. Most patients manifest only one or two of the above symptoms.
Diagnosis of this uncommon complication may be assisted by cranial computed
tomography or magnetic resonance imaging which may reveal symmetrical
periventricular lesions in the mediodorsal nuclei of the thalami, hypothalamus
and periaqueductal gray matter [67, 69, 74].

Central pontine myelinolysis (osmotic demyelination syndrome): This
uncommon disorder is associated with rapid correction of severe hyponatremia
(<120mEq/l) and has been reported in association with hyperemesis gravi-
darum with or without Wernicke’s encephalopathy [75-78]. Central pontine
myelinolysis may be associated with permanent brain damage or death [79].

Vasospasm of cerebral arteries: Two patients with severe hyperemesis
gravidarum refractory to intravenous fluid and multivitamin replacement were
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noted to have vasospasm of the middle cerebral arteries by magnetic resonance
imaging. In both cases, vasospasm diminished following improvement of the
hyperemesis. The authors speculated that increased sympathetic nervous sys-
tem activity led to the vasospasm [80].

Pneumomediastinum/esophageal rupture: Rare reports of spontaneous
pneumomediastinum complicating hyperemesis gravidarum have been reported
[81-83]. Most likely considered causes of this complication were esophageal or
alveolar rupture. Spontaneous esophageal rupture (common in alcoholics) has
been reported complicating hyperemesis gravidarum [84].

Others: Unusual complications of hyperemesis gravidarum include rhab-
domyolysis, coagulopathy secondary to vitamin K deficiency and peripheral
neuropathy caused by either vitamin B4 or B, deficiency [63, 85, 86].

Treatment

Fluid Electrolyte and Vitamin Resuscitation

Current conventional treatment is summarized in table 2. Caution must be
taken during fluid and electrolyte restitution in that rapid correction of hypona-
tremia has led to development of central pontine myelinolysis. Lack of atten-
tion to vitamin deficiencies or inadequate supplementation may lead to
Wernicke’s encephalopathy, peripheral neuropathy or coagulopathy [71].
Thiamine replacement should be administered [63]. Vitamin B¢ (pyridoxine) is
the most commonly studied drug in hyperemesis gravidarum. It is usually
administered in conjunction with antihistamines, but it is likely that it is effec-
tive by itself. Meticulous measurements of input, output, and daily weight are
keystone elements in management. During the initial therapeutic period, food
intake should be restricted and gradually restituted initially with oral fluid
intake, followed by small carbohydrate meals and total avoidance of fatty
foods. Many patients may benefit from psychological, emotional support and
reassurance.

Antiemetics

For patients experiencing continued nausea and vomiting despite institu-
tion of the above conservative treatment, pharmacological measures may be
indicated, including medications with antihistaminic, antiserotonin or seda-
tive/hypnotic properties or both.

Randomized controlled studies of antiemetic medications showing benefi-
cial results of drugs administered for hyperemesis gravidarum include:
Bendectin = Debendox (contained doxylamine, *dicyclomine, pyridoxine),
meclizine, metoclopramide, promethazine, hydroxyzine, trimethobenzamine,
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Table 2. Treatment of hyperemesis gravidarum

Nonspecific measures
Intravenous fluid replacement
Correction of electrolyte imbalance (avoid rapid correction of hyponatremia)
Vitamin supplementation
Thiamine replacement (100 mg IV or IM)
Vitamin B (pyridoxine) (10-50mgq8h)
Acupuncture
Antiemetics
Bendectin = Debendox (contained doxylamine, +dicyclomine, pyridoxine)
Meclizine
Metoclopramide (10 mg q 6-8 h PO/IM/IV, SC)
Promethazine (25 mgq4h PO/PR)
Hydroxyzine
Trimethobenzamine (200mgq 6 h PR)
Thielpyrazine
Mepyramine
Dimenydrinate
Droperidol (50 mg per admission, continuous V)
Diphenylhydramine
Ondansetron (10mgq8h IV)
Steroids
Methylprednisolone (16 mgq8h, PO)
Alternative treatment
Ginger (1 g/day for 4 days)
Enteral nutrition
Nasogastric tube
Jejunostomy or
Percutaneous endoscopic gastrostomy
Parenteral nutrition

thielpyrazine, mepryramine, dimenhydrinate, droperidol and diphenylhy-
dramine (table 2) [1, 87-92].

Bendectin, the only FDA-approved drug for nausea and vomiting in preg-
nancy yet, was removed by the manufacturer due to concerns regarding con-
genital malformations, though both retrospective and prospective studies failed
to prove teratogenicity [1]. However, various components of Bendectin such as
pyridoxine and doxylamine have been continuously available over the counter
[1]. Droperidol is a dopamine antagonist more potent than the phenothiazines
with fewer side effects. Diphenylhydramine exhibits antihistamine, anticholin-
ergic and sedative effects. Benefits of the two latter drugs administered together
include synergistic antiemetic properties with fewer side effects. Droperidol
(50 mg per admission) in continuous intravenous infusion for a mean duration
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of 50h in conjunction with bolus intravenous Diphenylhydramine administra-
tion shortened hospitalization duration by approximately 1 day, as well as fewer
days per pregnancy hospitalized and decreased re-admissions [90].

Metoclopramide (a dopamine antagonist) was shown to be associated with
improved symptomatology in 79% of patients in a controlled study [92].

Recently, Buttino et al. [93] retrospectively analyzed utilization of subcu-
taneous (s.c.) metoclopramide in the outpatient treatment of 646 women with
hyperemesis gravidarum, identifying included patients from a national data-
base. A total of 413 patients (63.9%) exhibited complete resolution of symp-
toms. Seventy-five percent of patients had received one or more antiemetic
medication before initiation of s.c. metoclopramide. A total of 192 patients
(30.5%) reported at least one side effect related to treatment. The majority of
reported side effects were considered mild and did not require discontinuation
of treatment [93]. All the above-mentioned medications are FDA class B or C
drugs.

Ondansetron (intravenous 10mgq8h), a 5-hydroxytryptamine receptor
antagonist, is effective in treating severe nausea and vomiting. Sullivan et al.
[30] compared the effectiveness to promethazine in 30 women and failed
to demonstrate and increased benefit among patients with hyperemesis
gravidarum.

Finally, the reader is referred to two recent review articles: the first per-
taining to the safety and effectiveness of available antiemetics for treatment
of nausea and vomiting of pregnancy by Magee et al. [94], and the second,
a comprehensive review regarding the perceived versus true risk of the terato-
genicity of drugs for nausea and vomiting of pregnancy, by Koren and
Levichek [95].

Steroids

A number of recent randomized clinical trials support the administration of
steroids in the treatment of hyperemesis gravidarum. Corticosteroids are
thought to exert an antiemetic effect via a chemoreceptor trigger zone located in
the brainstem and have demonstrated beneficial effects in chemotherapy-
induced emesis. An alternative explanation for the positive effect of cortico-
steroids in hyperemesis gravidarum is a ‘relative adrenal insufficiency’ which
develops as a result of the inability of the hypothalamic-pituitary-adrenal axis to
respond the increased demands for adrenal output during early pregnancy [80].

Safari et al. [96] administered oral doses of methylprednisolone
(48 mg/day) to women with intractable hyperemesis gravidarum, for 3 con-
secutive days, followed by a tapering dose over 2 weeks, and no longer than
1 month. These authors demonstrated a 94% relief of symptomatology within
3 days and concluded that a short course of oral methylprednisolone
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appeared a reasonable therapeutic alternative for intractable hyperemesis
gravidarum [96].

Subsequently, this group conducted the largest double-blind, randomized
controlled study evaluating medical treatment for hyperemesis gravidarum
comparing oral methylprednisolone (16 mgq8h) to oral promethazine (25 mg
q8h) in the treatment of hyperemesis gravidarum. After 3 days, methylpred-
nisolone was tapered during the course of 2 weeks whereas the dose of promet-
hazine was not altered. This study demonstrated that the short course of oral
methylprednisolone is more effective than promethazine for the treatment of
hyperemesis [97]. These authors currently recommend that methylprednisolone
be utilized in patients whose symptomatology does not respond favorably to
conventional intravenous hydration and promethazine. A short course of oral
methylprednisolone appears to be a simple and effective alternative to inpatient
therapy [97].

Nelson-Piercy et al. [98] performed a multicenter, double-blind, random-
ized, placebo-controlled trial designed to assess the efficacy of corticosteroids
in the treatment of severe hyperemesis gravidarum refractory to conventional
management. Twenty-five women were randomized to receive either 40 mg
prednisolone daily in two divided doses, or equivalent placebo tablets. If after
3 days the patient was still vomiting, medication was changed to the equivalent
intravenous alternative (hydrocortisone 100 mg twice daily or normal saline
injections). Frequency of vomiting and the dependence on intravenous fluid
replacement therapy after 1 week of treatment was the main outcome measure.
A nonsignificant trend towards improved nausea and vomiting and reduced
dependence on intravenous fluids was observed. However, steroid therapy led
to an improved sense of well-being (p = 0.021), improved appetite (p = 0.039)
and increased weight gain (p = 0.025), compared with placebo. There was no
difference in pregnancy outcome between the treatment and placebo groups.
Although overall the study supported a beneficial role for the administration
steroids in severe hyperemesis gravidarum, the authors were unable to validate
their hypothesis that steroids will lead to rapid and complete remission of
symptoms and the study did not demonstrate a significant improvement in
primary outcome measures assessed [98].

Alternative Treatment

Ginger

Gastrointestinal symptoms in motion sickness resemble those of hyper-
emesis gravidarum. Report of the beneficial effect of ginger as the rhizome of
Zingiber officinale on motion sickness inspired a double-blind, randomized,
cross-over study in which ginger 1 g/day for 4 days was noted to be superior to
placebo in eliminating symptoms of hyperemesis gravidarum [99].
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Enteral Nutrition

Patients with intractable hyperemesis gravidarum, nonresponsive to all the
above therapeutic measures, are candidates for enteral or parentral nutrition.

Hsu et al. [100] reported their experience in treating hyperemesis gravi-
darum with nasogastric enteral feeding in 7 women (using an 8-Fr nasogastric
feeding tube) as a continuous infusion beginning with a rate of 25 ml/h, and
increased in a daily fashion until nutritional requirements were met. Nausea and
vomiting improved within 24 h of nasogastric tube placement and patients were
discharged within 8 days and continued enteral feeding in an outpatient setting
for a mean of 43 days after which oral feeding was resumed.

An extreme alternative to nasogastric tube nutrition is treatment via a
jejunostomy or percutaneous endoscopic gastrostomy (PEG) [101, 102].

Parenteral Nutrition

Van Stuijvenberg et al. [87] assessed the nutritional status of 20 patients
with hyperemesis gravidarum with gestational age matched controls and noted
that more than 60% of patients had suboptimal biochemical status of thiamine,
riboflavin, vitamin B¢, vitamin A, and retinol-binding protein. Treatment
consisting of intravenous normal saline solution together with an ampule of intra-
venous multivitamin preparation administered over 8h was continued for 10
days, with oral fluid and food restriction. After 10 days, patients were discharged
and supplied with oral vitamin and mineral supplement to be taken daily for
another 10 days. Treatment was associated with cessation of nausea and vomit-
ing and improvement of nutritional status. Zibel-Frisk et al. [103] administered
parenteral nutrition support (including daily lipids) to 23 patients with severe
hyperemesis gravidarum. The regimen was based on individual calculated
requirements in addition to 300 kcal for pregnancy (50% of the non-protein calo-
ries were provided by lipids). Mean duration of therapy was 2.7 weeks, mean
weight gain was 2.4 1b, 84% of patients were able to gain appropriate weight to
maintain pregnancy. These authors concluded that parenteral nutrition provides a
safe means of maintaining adequate maternal nutrition and continued fetal
growth. Naef et al. [104] retrospectively compared intravenous nutritional
support at home as an alternative to hospitalization in 50 patients versus 47 hos-
pitalized patients (matched for gravidity, gestational age and weight loss from
prepregnancy weight). Patients had similar days of intravenous therapy and sim-
ilar mean weight change following therapy, with 90% efficacy of treatment of
both groups. Cost of therapy was fourfold less in home treated patients [104].

Acupuncture
Acupuncture on the point PC6 above the wrist on the palmar side has been
found previously to prevent some types of nausea and vomiting. Carlsson et al.
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[105] in 2000 studied 33 women with hyperemesis gravidarum in a randomized,
single-blind, crossover comparison of two methods of acupuncture, active (deep)
PC6 acupuncture or placebo (superficial) acupuncture. The women estimated
their degree of nausea on a visual analogue scale (VAS). The daily number of
emesis episodes were documented. Crossover analyses showed that there was a
significantly faster reduction of nausea (VAS) and more women who stopped
vomiting after active acupuncture than after placebo acupuncture [105].

Similarly, Slotnick [106] studied the effectiveness of P-6 acustimulation
for the relief of nausea and vomiting associated with early pregnancy and con-
cluded that P-6 acustimulation may prove to be of a significant therapeutic
alternative in this clinical setting.

Conversely, Knight et al. [107] in 2001 in a subject- and observer-masked,
randomized, controlled trial, treated 55 women with nausea of pregnancy
between 6 and 10 weeks’ gestation traditional-style acupuncture or sham treat-
ment with a cocktail stick on three or four occasions over 3 weeks. The main out-
come measure was nausea score, as determined by subject report on a VAS in a
daily diary. The study design had a 95% power to detect significant results in
nausea scores. Anxiety and depression were also assessed. The study demon-
strated that nausea scores decreased from a median of 85.5 (interquartile range
71.25-89.75) to 47.5 (interquartile range 29.25-69.5) in the acupunture group
and from 87.0 (interquartile range 73.0-90.0) to 48 (interquartile range 14.0-8.0)
in the sham treatment group. There was strong evidence of a time effect
(p < 0.001) but no evidence of a group effect (p = 0.9), or a group interaction
(p = 0.8). Similarly, there was evidence of time effects in scores for anxiety and
depression but no group differences. The authors concluded that acupuncture
was as effective in treating nausea of pregnancy as a sham procedure.

Others

Recently an association of increased seropositivity to H. pylori among
patients with hyperemesis gravidarum versus asymptomatic healthy pregnant
controls was reported [41]. Several case reports have suggested a beneficial
effect of H. pylori eradication [43].

Gastric dysmotility has also been demonstrated among patients with hyper-
emesis gravidarum [36]. Several serendipitous cases in which erythromycin
administered for other indications were associated with complete resolution of
otherwise intractable hyperemesis gravidarum [42]. It is possible the benefit
resulted from the motilin-like actions of erythromycin.

Systemic Review
Jewell and Young [108] performed a review of randomized trials of any
treatment for nausea and vomiting in early pregnancy inclusive through
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October 2001. Twenty-three trials of variable quality were included. Nausea
treatments were different antihistamine medications, vitamin B4 (pyridoxine),
the combination tablet Debendox (Bendectin) and P-6 acupressure. For hyper-
emesis gravidarum, five trials were identified with oral ginger root extract, oral
corticosteroids, or injected adenocorticotropic hormone (ACTH) and intra-
venous diazepam. Based on 13 trials there was an overall reduction in nausea
from antiemetic medication (OR 0.17, 95% confidence interval 0.13-0.21). Of
the newer treatments, pyridoxine (vitamin Bg) appears to be more effective in
reducing nausea. These authors found that no trials of treatments of hypereme-
sis gravidarum show evidence of benefit! [108]

Perinatal Outcome

Fetal outcome among patients experiencing hyperemesis gravidarum has
been debated in a number of studies. Gross et al. [109] followed perinatal out-
come of 64 patients with hyperemesis gravidarum classifying patients into two
groups. Patients with weight loss >5% of prepregnancy weight at the time of
admission for hyperemesis gravidarum (severe) were compared with the others.
Infants of women with severe hyperemesis gravidarum were significantly
smaller at birth, had a higher incidence of fetal growth restriction (<10th cen-
tile at birth), and significantly lesser incidence of macrosomia. These authors
suggested the group with severe disease may constitute a distinct entity at
increased risk for adverse perinatal outcome [109]. Godsey and Newman [110]
compared 140 patients with single versus multiple admissions for hyperemesis
gravidarum. Of these, 39 patients had multiple admissions. Interestingly, women
admitted repeatedly had more severe nutritional disturbances, reduced maternal
weight gain and neonatal birth weight (2,806 = 76 vs. 3,071 £ 477 g), arguing
for increased fetal surveillance in cases of severe hyperemesis gravidarum
requiring multiple admissions [110].

In contrast, other authors have not been able to confirm these observation.
Hallak et al. [111] studied 138 patients with hyperemesis gravidarum, stratified
according to severity of disease. Forty patients with mild hyperemesis gravi-
darum were compared to 98 patients with severe disease and 12,335 controls.
No differences were noted in birth weight, incidence of congenital malforma-
tions, prematurity or other perinatal outcomes including frequency of 5min
Apgar score <7, or neonatal intensive care unit admissions. Similar nonsignif-
icant differences were demonstrated by Tsang et al. [112] among 193 patients
with hyperemesis gravidarum versus 12,860 controls. Depue et al. [14] com-
pared 419 patients with hyperemesis gravidarum to 836 matched controls.
Patients with hyperemesis gravidarum had significantly reduced risk of fetal
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loss, however their infants had a significantly higher risk of central nervous
system malformations. Bashiri et al. [8] compared perinatal outcomes of 164
patients with hyperemesis gravidarum to 209 control patients. These authors
noted a lower incidence (3.1%) of spontaneous early pregnancy loss among
women with hyperemesis gravidarum in comparison to 15% among the general
population. Perinatal outcome or the incidence of pregnancy complications did
not differ between the two groups however [8].
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