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ABSTRACT
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Postoperative nausea and vomiting (PONV) is still a clinical problem and its incidence is unacceptably high.
After the introduction of propofol as an agent for induction and maintenance of anesthesia, it was reported
that the incidence of PONV was lower. It was also proposed that propofol possesses antiemetic effects.
Dopamine, serotonin and opioids may contribute to PONV. Therefore the purpose of  these investigations
was to evaluate if propofol has dopamine, serotonin or opioid antagonistic effects and if a subhypnotic infu-
sion of propofol decreases the incidence of PONV.

Nausea and vomiting were induced in volunteers by a dopamine agonist, apomorphine, and by ipecacuanha
which releases serotonin from the enterochromaffin cells in the gut. The effects of propofol on gastric emp-
tying and orocecal transit time were evaluated in volunteers with the paracetamol method and by measuring
the endtidal hydrogen concentration after ingestion of the trisaccharide raffinose. The effects of morphine
on gastric emptying and gastric tone were studied in patients before surgery with the paracetamol method
and with an electronic barostat, respectively. The effects of low dose propofol for prophylaxis of PONV
were studied in 172 patients undergoing breast and abdominal surgery. Propofol prophylaxis was compared
with a multidrug regimen consisting of dexamethasone and three antiemetic drugs, ondansetron, droperidol
and metoclopramide.

Propofol did not abolish apomorphine-induced vomiting but reduced the number of retchings induced  by
ipecacuanha. Propofol sedation did not influence gastric emptying of liquids but it slightly prolonged oroce-
cal transit time. Gastric relaxation induced by morphine was abolished by propofol but propofol did not
abolish morphine-induced delay of gastric emptying. Propofol in a low dose infusion reduced the incidence
of PONV but nausea and especially vomiting increased significantly after termination of the infusion. Pro-
phylaxis with the multidrug regimen was very effective in preventing PONV.

These studies have shown that propofol does not have any dopamine antagonistic effect but may have a
weak serotonin antagonistic effect. Propofol cannot abolish morphine-induced delay of gastric emptying.
Low dose propofol infusion was effective in preventing PONV as long as the infusion was ongoing but after
termination of the infusion nausea and especially vomiting substantially increased. The multidrug regimen
(dexamethasone, ondansetron, droperidol, metoclopramide) was very effective in preventing PONV and can
be recommended as prophylaxis in patient groups with a known high risk for PONV.
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INTRODUCTION
Propofol, 2,6 di-isopropylphenol, was introduced in the late 1980s as an intravenous anesthetic

agent with a rapid onset and short duration (1, 2). The mechanism by which propofol acts as a gene-

ral anesthetic is poorly understood. Propofol appears to exert its action on central nervous system

functions by a potentiation of gamma-aminobutyric acid (GABA) transmission and by modulating

the binding of GABA to its receptor complex. Propofol might exert its pharmacological effects by

enhancing the function of GABA activated chloride channels linked to the GABA-receptor. This

effect is similar to that induced by pentobarbital and benzodiazepines (3-6). All central nervous

system structures are affected by these actions, which are rapidly reversible. However, we still do

not know if this is the main mechanism by which anesthesia is produced by propofol (7). It has also

been shown that propofol acts directly on nicotinic acetylcholine receptors in the frontal cortex and

hippocampus. This impairment of cholinergic neurons may mediate the sedative and hypnotic

effects of propofol (8, 9). In addition to its effects on the CNS, propofol also impairs acetylcholine-

dependent gastrointestinal contractile activity during the experimental situation (10), and has also

been shown to have other non-hypnotic therapeutic applications such for cholestatic pruritus and for

pruritus that is induced by spinal opioids (11).

In addition to being used for induction of anesthesia, propofol has become the drug of choice for

maintenance of total intravenous anesthesia. Intravenous anesthesia was described as early as 1665

by Sigismond Elsholtz, who anesthetized a dog by intravenous administration of opium. However,

this subject received no further attention until 1822, when Oré described anesthesia in animals by

means of the intravenous administration of a solution of chloral hydrate. The first use of chloral

hydrate in humans was reported in 1874. Barbiturates were introduced in 1924 and sodium thiopen-

tone (pentothal sodium), which is still in use, was introduced in 1934. However, it was not until

after the introduction of propofol and opioids of short and predictable duration that the necessary

conditions for modern, total intravenous anesthesia were created (12).

Soon after the introduction of propofol, it was reported that the incidence of postoperative nausea

and vomiting (PONV) was low after propofol anesthesia and it was also proposed that propofol pos-

sesses antiemetic effects (13-21). PONV has been a problem since the introduction of general anes-

thesia. The sequelae of anesthesia and surgery involving nausea and vomiting was first described in

1846 by Dr John Snow, who reported that, “Narcotism by chloroform or ether occasionally leave



11

some effects after the immediate influence of the vapor has subsided. These sequelae were sickness,

headache, nausea and vomiting” (22).

Despite the introduction of less invasive surgical procedures and new anesthetic agents, PONV is

still a clinical problem. The incidence remains unacceptably high. The reason for this is that the

genesis is multifactorial and there is still no ultimate effective pharmacological monotherapy.

PONV has been described as “the big little problem”(23), and from the patient perspective PONV is

the most distressing complication of anesthesia and surgery (24). The incidence of PONV varies

greatly in different studies (8-92 %) (25), and in order to evaluate and compare these studies it is

necessary to know which anesthesia techniques and regimens were used and which surgical proce-

dures were performed. In addition, it is important to know the length of time during which  PONV

was registered. Some patients can feel fine, without any problems during the initial period in the

postoperative care unit, and then start to feel nauseated and possibly even vomit several hours later.

Physiology of nausea and vomiting
The chemoreceptor trigger zone is situated within the area postrema, dorsal in the medulla oblon-

gata, outside the blood-brain-barrier, and it can react to toxic agents present both in the circulating

blood and in cerebrospinal fluid. The impulses are then transferred to the vomiting center (26-32).

Several neurotransmitters, such as dopamine, histamine, acetylcholine and endogenous opioid

receptors, have been identified in the chemoreceptor trigger zone. During recent years it has been

shown that 5-hydroxytryptamine (5-HT, serotonin) is an important mediator of emetic stimuli. 5-HT

is located both in central and peripheral neurons, but 90 % of it is located in the enterochromaffin

cells of the mucosa in the small intestine (33, 34). Thus, postoperative nausea and vomiting may

also be induced from the gastrointestinal tract.

It is not surprising that the gastrointestinal tract is important, as its main function in this respect is to

protect the body from accidental oral intake of poisonous substances and toxic agents in food (35).

The vagus nerve is the main nerve for detection and mediation of emetic stimuli, and in the abdomi-

nal part of this nerve 80-90 % of the fibers are afferent. Two different kinds of vagal afferents are

involved, some in the mechanoreceptors in the muscular wall and some in the chemoreceptors in the

mucosa of the small intestine (36). In animal studies, vomiting induced by intragastric administra-

tion of hypertonic saline, copper sulfate and bacterial toxins can be abolished by vagotomy (26).
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Postoperative nausea and vomiting are distressing and frequent adverse events after abdominal sur-

gery performed under general anesthesia (28). Surgical manipulation of the gut may influence the

mechanoreceptors and probably also irritate the mucosa of the small intestine, with release of 5-hyd-

roxytryptamine (5-HT) from the enterochromaffin cells. 5-HT stimulates peripheral 5-HT receptors

on the afferent vagal nerve ends in the mucosa, and via the vagal nerve the impulses are transferred

to the vomiting center (31). Simultaneously, circulation of 5-HT may also effect receptors in the

chemoreceptor trigger zone. Although it has not been clearly shown, some agents such as nitrous

oxide (37-39), inhalation anesthetics (40), cholinesterase inhibitors (41) and atropine (42), probably

release 5-HT indirectly by distension of the gut, thereby activating afferent vagal nerve endings (43,

44).

Although these peripheral mechanisms are speculative, release of 5-HT from the enterochromaffin

cells during anesthesia and surgery is very likely, as 5-HT3 antagonists have some effect against

postoperative nausea and vomiting. It is of interest to note that ipecacuanha syrup, which is used at

emergency departments for inducing vomiting (45), releases 5-HT (46-50). Ipecacuanha-induced

vomiting can be prevented by ondansetron, a 5-HT3 antagonist (46-51). Intravenous apomorphine, a

potent dopamine agonist, exerts its effect on the dopamine receptors (D2) in the chemoreceptor trig-

ger zone, and apomorphine has been used in anesthesia for inducing vomiting (53, 59). The majority

of drugs used today for prophylaxis or treatment of PONV are dopamine or serotonin antagonists,

but it is also important to avoid opioids as much as possible in order to decrease the incidence of

PONV (52). As the antiemetic effects of propofol have not been clearly demonstrated, the aims of

the present studies were to investigate if propofol has dopamine or serotonin antagonistic effects,

and if propofol abolishes the negative effects of opiates on the gastrointestinal tract.
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PURPOSE OF THE STUDY
The aims of the investigations were:

* To study if propofol abolishes nausea and vomiting induced by a dopamine agonist, apomorphine

(I).

* To study if propofol abolishes nausea and vomiting induced by serotonin that is released by

ipecacuanha syrup (II).

* To study the effects of propofol on gastric emptying and orocecal transit time (III).

* To study if propofol effects morphine-induced gastric relaxation (IV).

* To study if propofol abolishes morphine induced delay of gastric emptying (IV).

* To study if a subhypnotic infusion of propofol decreases the incidence of postoperative nausea

and vomiting after breast and abdominal surgery (V).
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SUBJECTS
All studies were approved by the Ethics Committee of Örebro County Council, and the volunteers

and patients gave their informed consent to participate after receiving verbal and written informa-

tion.

In study I, the dopamine antagonistic effects of propofol were evaluated in 10 healthy male volun-

teers, aged 30.4 (23-35) years (mean and range), to see if propofol has dopamine antagonistic

effects.

In study II, the antagonistic effects of propofol were evaluated in 10 healthy male volunteers, aged

27.4 (20-37) years, to see if propofol has serotonin antagonistic effects.

In study III, the effects of a low dose of propofol on gastric emptying and orocecal transit time were

evaluated in 10 healthy male volunteers, aged 30.4 (23-35) years. These volunteers were the same as

in study I.

In study IV, if propofol abolishes the morphine-induced decrease in gastric tone was evaluated in 20

ASA I-II patients (9 females/11 males), aged 64.8 (33-79) years, and if propofol abolishes the mor-

phine-induced delay in gastric emptying was evaluated in 20, ASA I-II patients (11 females/9 males,

aged 54.3 (29-81) years.

In study V, the effects of propofol on postoperative nausea and vomiting were evaluated in 172 ASA

I-II patients (106 females/66 males), aged 52.5 (20-82) years.
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METHODS
Dopamine-induced vomiting
In study I, the dopamine agonist apomorphine was used for inducing vomiting. The amount of apo-

morphine needed to induce vomiting was recorded.

Serotonin-induced vomiting
In study II, ipecacuanha syrup, which releases serotonin in the gut, was used to induce nausea and

vomiting. The intensity of nausea was estimated by the volunteers by using a Visual Analog Scale

(VAS) and the number of retchings was recorded (54).

Gastric emptying
In studies III and IV, the paracetamol absorption method was used to determine gastric emptying.

Paracetamol given by mouth is not absorbed from the stomach but is easily absorbed from the upper

small intestine. The rate of absorption of oral paracetamol is therefore an indirect measure of gastric

emptying (55). Venous blood samples were taken and the plasma concentrations of paracetamol

were determined by an immunologic method including fluorescence polarization (TDx paracetamol,

Abbott Laboratories, North Chicago). The maximum paracetamol concentration (Cmax), the time to

reach the maximum concentration (Tmax), and the area under the plasma paracetamol concentration

curves from 0 to 60 min (AUC60) were calculated (55-57).

Orocecal transit time
In study III, orocecal transit time was assessed by oral ingestion of the trisaccharide raffinose. Raf-

finose is fermented by bacteria in the caecum and the colon, thereby producing hydrogen. The rise

in end-expiratory hydrogen level represents the arrival of the trisaccharide in the caecum, and the

time taken from oral ingestion of raffinose to the rise in the end-expiratory hydrogen level is an

estimate of the orocecal transit time. The hydrogen concentration in expired air was measured by a

hydrogen monitor (Exhaled Hydrogen Monitor, GMI, Medical Ltd, Innchinnan estate, Renfrew,

Scotland) (57, 58, 69).

Serotonin analysis
In study II, blood samples for analysis of plasma serotonin concentration were taken. The 5-HT (5-

hydroxytryptamine) and 5-HIAA (5-hydroxyindoleacetic acid) plasma concentrations were deter-

mined by high-pressure liquid chromatography with electrochemical detection (HPLC) (60, 61).
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Estimation of sedation level
In studies I, II and III, the grade of sedation was estimated by observers on a 5-grade scale accord-

ing to Wilson et al, where 1 = fully awake and oriented, 2 = drowsy, 3 = eyes closed but arousable

upon command, 4 = eyes closed but arousable upon mild physical stimulation, and 5 = eyes closed

and not arousable using physical stimulation (62).

Gastric tone measurement
In study IV, gastric tone was measured by an electronic barostat (SVS, Synetics Medical AB, Stock-

holm, Sweden). The barostat is an instrument with an electronic control system that maintains a

constant preset pressure within an air-filled, flaccid intragastric bag by means of continual changes

in the volume of air in the intragastric bag. When the stomach contracts, the barostat aspirates air to

maintain the constant pressure within the bag, and when the stomach relaxes air is injected. The

pressure in the bag was set at 2 mmHg above the basal intragastric pressure. The pressure change at

which respiration is perceived on the pressure trace, without an increase or decrease in the average

volume, is the intra-luminal pressure of the stomach. The bag, which is made of ultra-thin poly-

ethylene and has a volume capacity of 900 ml, was connected to the barostat by a double-lumen

gastric tube (Salem Sump tube 16 ch, diameter 5.3 mm, Sherwood Medical, Petit Rechain, Bel-

gium). The barostat measurements followed the recommendations presented in a review article by

an international working team, and the barostat instrument fulfilled the criteria determined by this

group (63). The volume changes were calculated by the computer comparing the area under the

curve (AUC).

Assessment of nausea and vomiting
The intensity of nausea and the intensity of postoperative nausea were assessed in studies II and V,

respectively, by means of using a visual analog scale (VAS) (0-10 cm), where 0 = no feeling of nau-

sea at all and 10 = maximum nausea ever felt (54). The incidence of retchings or vomiting was

recorded. Retching is by definition a vomiting reflex without expulsion of gastric contents. Retch-

ings were considered to be the same entity as vomiting.
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PROCEDURES
In study I, the influence on vomiting induced by apomorphine was evaluated in volunteers on four

different occasions, separated by at least one week. The subjects were randomly allocated to receive

1) a propofol infusion, 2.4 ± 0.7 mg/kg/h (mean ± SD), 2) a midazolam infusion (0.13 ± 0.4 mg/kg/

h), 3) a single, non-sedating bolus dose of propofol 0.4 mg/kg, and 4) an infusion of normal saline.

During the propofol and midazolam infusions the doses were titrated so that the volunteers were

sedated to grade 2-3 on the 5-grade sedation scale. The infusion of apomorphine was started when

the volunteers reached grade 2-3 of sedation, or after the single dose of propofol and after the infu-

sion of normal saline. The exact amount of apomorphine needed to induce vomiting during the

different experimental situations was noted.

In study II, the influence of propofol on vomiting induced by ipecacuanha syrup was evaluated. The

volunteers were studied on three occasions and were randomly allocated to receive a concomitant

infusion of propofol (initial bolus 0.1 mg/kg, then 1 mg/kg/h), ondansetron (initial bolus 0.11 mg/

kg, then 14 µg/kg/h) or placebo on each occasion. The infusions started 30 min before oral ingestion

of 30 ml of ipecacuanha syrup and continued until 150 min after intake. The number of retchings

was recorded and the intensity of nausea was estimated by the subjects on a Visual Analog Scale

(VAS). The grade of sedation was estimated by observers. Blood samples for analysis of the plasma

concentration of serotonin were taken before intake and every 30 min up to 150 min, and finally at

300 min after intake of ipecacuanha syrup.

In study III, gastric emptying and orocecal transit time were studied in volunteers on two occasions,

with an interval of at least one week, and the volunteers were randomly allocated to receive either

propofol sedation or i.v. saline as a control. During propofol sedation the volunteers were sedated to

grade 2-3 on a 5-grade scale. This was achieved by an initial propofol infusion of 5 mg/kg/h, which

was titrated down to a dose of 2.4 ± 0.7 mg/kg/h. The paracetamol absorption test was used to deter-

mine the rate of gastric emptying, and orocecal transit time was determined by the use of the hydro-

gen breath test. Two grams of paracetamol and 10 g of raffinose dissolved in 200 ml of water were

ingested. Before ingestion, a standardized meal of unsweetened rice flour pancakes (170 g) was

given to change the inter-digestive pattern in the gastrointestinal tract to post-prandial activity.

Venous blood samples for determination of plasma paracetamol concentration were taken at 5, 10

and 15 minutes, and then at 15-min intervals during a period of 120 min after the oral ingestion of
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paracetamol. The hydrogen concentration in end-expiratory samples of expired air was measured

every 15 min until the hydrogen level increased at least 10 ppm above the baseline level.

In study IV, gastric tone and gastric emptying were evaluated in 40 ASA I-II patients before anesthe-

sia. Gastric tone was measured in 20 patients by an electronic barostat. Volume changes were regis-

tered continuously in an intragastric flaccid bag with a constant preset pressure. The intragastric bag

was placed in the gastric fundus during light sedation. Thereafter the patients rested for 30 min.

During the registrations the patients were positioned on their right side with their head raised 15°

and were asked to relax comfortably. All patients received i.v. morphine 0.1 mg/kg before the mea-

surement, and in a randomized order 10 patients also received a bolus dose of propofol 1 mg/kg be-

fore the morphine. The measurement was completed 10 min after the administration of morphine.

Gastric emptying was studied with the paracetamol absorption test in 20 patients. All patients recei-

ved morphine 0.1 mg/kg i.v. 10 min before oral ingestion of paracetamol 1.5 g in 200 ml of water,

and in a randomized order 10 of the patients also received a 0.3 mg/kg bolus of propofol before the

morphine, followed by an infusion of 1 mg/kg/h during the whole study (2 h). Venous blood sam-

ples were taken for determination of serum paracetamol concentration before ingestion and at each

15-min interval during a period of 120 min after the intake of paracetamol.

In study V, prophylaxis for postoperative nausea and vomiting was studied in two patient groups

with a known high incidence. Through a stratified randomization, 60 patients undergoing breast

surgery and 120 patients undergoing abdominal surgery were randomized to three groups of equal

size, the propofol group (P), the multidrug group (M) and the control group (C). All patients recei-

ved general anesthesia, induction with propofol and maintenance with sevoflurane. After induction,

patients in the P-group received a continuous infusion of propofol 1 mg/kg/h during the operation

and the first four postoperative hours. Patients in the M-group received dexamethasone 4 mg and

three antiemetics, ondansetron 4 mg, droperidol 1.25 mg, and metoclopramide 10 mg i.v. In the C-

group no prophylaxis was given. Nausea and pain were evaluated during 24 h postoperatively by

means of a Visual Analog Scale, (0-10 cm). All emetic episodes were observed by the staff during

the first four hours and by the patients during the next 20 h.
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STATISTICS
In study I, the results are presented as mean ± SD. Comparisons of means were performed by analy-

sis of variance and were tested for statistical significance by Bonferroni’s test.

In study II, the results are presented as medians and ranges. The Wilcoxon signed rank test was used

for statistical analysis of the results.

In study III, Student’s t-test for paired samples was used for statistical analysis of the results, which

are presented as means ± SD.

In study IV, the results are presented as means ± SEM. In the gastric tone study analysis of variance

(ANOVA) was used for statistical analysis of the results. The unpaired Student’s t-test was used for

statistical analysis of the results in the gastric emptying study.

In study V, the number of patients experiencing nausea and/or vomiting in the different groups, and

during different time intervals, are presented. The Chi-square test was used for statistical analysis of

these results. Other data are presented as means or medians and the ranges are given. Student's t-test

or the Mann-Whitney test was used for these calculations.

A p-value less than 0.05 was considered statistically significant.
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RESULTS
Study I
There was no difference in the sensitivity to apomorphine between the sedative regimens. The

amount of apomorphine needed to induce vomiting was increased after sedation with propofol (4.3

± 1.2 mg, p < 0.005) as well as midazolam (4.7 ± 2.3 mg, p < 0.001) in comparison to saline infu-

sion (2.5 ± 0.5 mg). The non-sedating single bolus of propofol did not change the sensitivity to apo-

morphine (3.1 ± 1.1 mg) compared to saline infusion.

Study II
During the first 150 min after ingestion of ipecacuanha there were no retchings during the infusion

of ondansetron (p < 0.01 vs placebo, p < 0.02 vs propofol) and significantly fewer retchings during

the propofol infusion compared to the placebo infusion (p < 0.02). There was no nausea during the

infusion of ondansetron (p < 0.01 vs placebo and propofol) and no difference in mean or maximal

VAS for nausea during the propofol infusion compared to the placebo infusion.

The number of retchings after the infusions were stopped was significantly higher after propofol

infusion as compared to ondansetron and placebo (p < 0.05). Some volunteers, most of them in the

placebo group, vomited during the first 1 h after the intake of ipecacuanha, so less ipecacuanha was

left in the gastrointestinal tract compared to the other two groups.

The basal level of the plasma 5-HT concentration did not increase after intake of ipecacuanha in

either group.

Study III
There was no statistically significant difference in paracetamol absorption between the two study

situations (III). During the propofol sedation the AUC60 was 4793 ± 1538 µmol · min/L compared to

3897 ± 1310 µmol · min/L during the control situation (n.s.). Orocecal transit time was significantly

shorter during the control study 180 ± 32.4 min than during propofol sedation 217 ± 64.9 min (p <

0.05).
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Study IV
The volume in the intragastric bag increased in all patients receiving morphine without propofol. In

the group that received propofol before morphine, the volume in the intragastric bag decreased in all

patients. The volume differences between the groups were statistically significant (p < 0.01). There

were no statistically significant differences in the AUC60, Cmax and Tmax of serum paracetamol con-

centrations between the morphine and propofol-morphine groups.

Study V
In study V, the overall incidence of PONV during the first 24 h postoperatively was significantly

lower in the multidrug group than in either the propofol group (p < 0.01) or the control group (p <

0.001). The incidence of PONV was significantly lower in the propofol group than in the control

group (p < 0.05). The incidence of PONV was high both in patients in the control group who under-

went breast surgery (84 %) and in those who underwent abdominal surgery (63 %). In abdominal

surgery patients the overall incidence of PONV was significantly higher in females (67 %) than in

males (38 %) (p < 0.01). The multidrug groups showed the lowest incidence of PONV both in the

breast surgery patients and the abdominal surgery patients. However, in the breast surgery patients

there was a non-significant difference between the propofol group and the multidrug group, and in

the abdominal surgery patients the propofol group showed a statistically significant difference com-

pared to the multidrug group (p < 0.05). The amount of opioid equivalents was numerically higher

in the abdominal surgery group, but without statistical significance compared to the breast surgery

group.

The incidence of PONV, postoperative nausea (PON) and postoperative vomiting (POV), increased

significantly after the termination of propofol in the abdominal surgery patients (p < 0.05), and the

incidence of PONV increased significantly (p < 0.05) in the breast surgery patients without a signi-

ficant increase in PON and POV. In the multidrug group the number of patients who had an emetic

event was significantly lower, both in patients undergoing breast surgery and those undergoing

abdominal surgery. The maximum VAS scores for these patients who experienced nausea showed

no statistical differences between the breast surgery and the abdominal surgery patients in either of

the drug groups.
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DISCUSSION
Postoperative nausea and vomiting (PONV) is still a clinical problem, and its incidence is unaccep-

tably high (25, 28). Soon after the introduction of propofol, it was reported that the incidence of

PONV was low after propofol anesthesia, and it was also proposed that propofol possesses anti-

emetic effects (17-21, 64, 65). In the present studies it was shown that a low dose infusion of pro-

pofol decreases the incidence of PONV (V), but the effect was of short duration (66-68). Possible

antiemetic mechanisms of propofol were studied in papers I-IV, but the antiemetic effects remain

unclear.

Study I. The purpose was to evaluate if propofol can abolish vomiting induced by apomorphine, a

dopamine agonist. Dopamine is present in the human nervous system and acts directly on specific

central and peripheral receptors (70). There are significant amounts of dopamine in the gastrointes-

tinal tract, accounting for up to 20 % of the free catecholamine content in the stomach (71). Studies

in dogs and volunteers have shown that dopamine decreases stomach muscle tone, and it has been

proposed as a possible neurotransmitter in gastric relaxation (72-74). Apomorphine is a morphine

derivative with structural similarities to dopamine, and it stimulates dopamine receptors both in the

chemoreceptor trigger zone and peripherally. Apomorphine has been used clinically to induce vomi-

ting in patients before anesthesia (53, 59).

A non-sedating dose of propofol did not influence apomorphine-induced vomiting (75-77), but

during propofol sedation a greater amount of apomorphine was needed to induce vomiting. How-

ever, this was probably an effect of sedation, as the same results were achieved with midazolam.

Propofol, like other anesthetics, exerts a general depressant effect on the central nervous system (3),

and although it seems to have a gamma-aminobutyric acid-(GABA-) mimetic action (7) in common

with benzodiazepines such as midazolam, there are no reports on a relationship between GABA and

emesis. So if PONV is induced by stimulation of dopamine receptors, it is better to use dopamine

antagonists such as droperidol (78-88) or metoclopramide (89-95) for treatment.

Study II. The purpose was to evaluate if propofol has serotonin antagonistic effects. Ipecacuanha

syrup was used to induce nausea and vomiting (45). Ipecacuanha releases serotonin (5-HT) from the

enterochromaffin cells in the mucosa of the gastrointestinal tract. Serotonin stimulates 5-HT recep-

tors at the afferent vagal nerve endings, which mediate stimulation of the vomiting center, but sero-

tonin may also stimulate receptors in the chemoreceptor trigger zone (27, 30) via circulation (29,
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32). By administration of ondansetron, a 5-HT3 antagonist, it was clearly shown that ipecacuanha

induces nausea and vomiting by release of serotonin, as the volunteers did not experience any nau-

sea and vomiting when ondansetron was administered. Propofol significantly reduced the number of

retchings induced by ipecacuanha, but the intensity of nausea was not significantly different from

the control situation. There were no significant differences in sedation between the study groups that

could influence the results. An interesting finding reported by others (66, 67) and also seen in study

V was that the incidence of vomiting was higher after the termination of propofol.  The results indi-

cate that propofol may have some effect on vomiting induced by serotonin, and therefore propofol

may have a weak 5-HT3 antagonistic effect. However, if PONV is induced by serotonin, a 5-HT3

antagonist is more effective for prophylaxis or treatment than a low dose of propofol. Today 5-HT3

antagonists are used frequently for prophylaxis or treatment of PONV (35, 51, 97, 98).

Study III. Gastrointestinal disturbances with delayed gastric emptying and prolonged transit times

may induce nausea and vomiting (99-101). The purpose of this study was to evaluate the influence

of propofol on gastric emptying and orocecal transit time in volunteers. Gastric emptying was stu-

died with the paracetamol method. This is an indirect method for measuring gastric emptying. Scin-

tigraphy is considered the golden standard for measuring gastric emptying (103-106), but the area

under the plasma paracetamol concentration curve from 0-60 min, AUC60, correlates very well with

scintigraphic methods for evaluating the liquid phase of gastric emptying (102-106). As the parace-

tamol method is very good for measuring the liquid phase of gastric emptying, it has been used for

this both in postoperative and ICU patients (107-111). Orocecal transit time was assessed by mea-

suring the end-expiratory hydrogen concentration after ingestion of the trisaccharide raffinose (57,

58, 69). The disaccharide lactulose is commonly used for measurement of orocecal transit time, but

lactulose may stimulate motility, resulting in a shorter orocecal transit time, and therefore raffinose

is to be preferred (112).

In this study propofol sedation did not influence gastric emptying, but it prolonged orocecal transit

time slightly. This prolongation is probably of no clinical significance, and spinal and systemic

opioids have a much greater influence on orocecal transit time (100, 101, 113). There are few re-

ports on the gastrointestinal effects of propofol, but an in vitro study by Lee et al. showed that pro-

pofol exhibits inhibitory acetylcholine-induced contractions in human gastric and colonic smooth

muscle (10).
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Propofol is frequently used for sedation in ICU patients. Other drugs such as opioids probably have

a more negative influence on gastrointestinal function in these patients than propofol (100-102).

Study IV. Both systemically and spinally administered opioids have negative effects on the gastro-

intestinal tract (113-115), with delayed gastric emptying (100, 101, 116-117), decreased gastric tone

and prolonged orocecal transit time (118, 123). Opioids may also act centrally at the chemoreceptor

trigger zone and thereby induce nausea and vomiting (27, 28). The use of opioids contributes greatly

to postoperative nausea and vomiting (120). The purpose of study IV was to evaluate whether pro-

pofol abolishes morphine-induced effects on gastric emptying and gastric tone. The study was per-

formed before anesthesia in patients scheduled for abdominal surgery. The gastric tone was measu-

red by an electronic barostat. This device has been validated in other studies and found to be a

reliable and practical instrument for monitoring changes in gastric tone (63, 119, 121). The pressure

in the intragastric bag was set at 2 mmHg above the basal intragastric pressure. The pressure in the

balloon must be greater than the pressure in the stomach, because otherwise the gastric pressure

would deflate the intragastric bag. Morphine decreased gastric tone in all patients, but when mor-

phine was administered after propofol, gastric tone increased (IV). Even if propofol abolished the

negative effects of morphine on gastric tone, it did not abolish the delayed gastric emptying induced

by i.v. morphine. Gastric emptying is dependent on a pressure gradient between the stomach and the

duodenum (122, 124-127, 160). We also know that the pylorus has a rich enkephalinergic innerva-

tion, and stimulation of these receptors results in increased pyloric pressure, thereby causing delay

of gastric emptying (128, 130). From this study it can be concluded that negative effects of opioids

on gastrointestinal motility in postoperative ICU patients cannot be avoided by the use of propofol

for anesthesia or ICU sedation.

Study V. The purpose of this study was to evaluate the effects of a per- and postoperative low dose

infusion of propofol for prophylaxis of PONV in patients undergoing breast and abdominal surgery.

As the genesis of PONV is so multifactorial, propofol prophylaxis was compared with a multidrug

regimen consisting of dexamethasone and three antiemetic drugs. These drugs were ondansetron, a

5-HT3 antagonist, droperidol, a dopamine antagonist, and metoclopramide, a dopamine antagonist

that is also a motility-stimulating drug (153, 154). During the last decade several studies have

shown that the combination of two or more antiemetic drugs is more effective than  single drug

therapy (88, 94, 130-142).
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In chemotherapy treatment today it is standard to add dexamethasone to 5-HT3 antagonists for pro-

phylaxis of nausea and vomiting (138, 143-147, 157, 159). Some studies have also shown beneficial

effects of dexamethasone for prophylaxis of PONV (148-152, and even better effects when dexa-

methasone is combined with droperidol (143) or 5-HT3 antagonists (143, 156, 161). The results

from study V demonstrated that propofol was as effective as the multidrug prophylaxis during the

first four postoperative hours when the propofol infusion was ongoing. However, after termination

of the propofol infusion the incidence of nausea, and especially the incidence of vomiting, substan-

tially increased. It can be concluded that postoperative propofol infusion is not an appropriate rou-

tine prophylaxis for PONV due to its rebound effects and a more complicated method of administra-

tion. There is also a risk of sedation, and therefore propofol infusion can only be used in the reco-

very area. However, in isolated cases of intractable PONV propofol may be an alternative (17), as

this has been reported during chemotherapy treatment (158, 163, 164)). The incidence of postopera-

tive nausea and vomiting has decreased since the introduction of propofol, but it is still unaccepta-

bly high. From these studies it can be concluded that propofol as a low dose infusion reduces the

incidence of PONV, but as soon as the infusion is terminated the effects disappear. The antiemetic

effects of propofol remain unclear.

The multidrug prophylaxis was very effective and demonstrates clearly that a combination of two or

more drugs is the most effective prophylaxis for PONV today, even if all patients are not free from

postoperative nausea and vomiting. Multidrug prophylaxis or treatment (135, 137) appears to be

much more effective than propofol, and it seems meaningful to recommend this regimen in patient

groups with a known high risk for postoperative nausea and vomiting (162).
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CONCLUSIONS
The following conclusions could be drawn from the results of these studies.

* Propofol did not abolish apomorphine-induced vomiting and therefore propofol does not have

dopamine antagonistic effects.

* Propofol reduced the number of retchings induced by ipecacuanha, which releases serotonin from

enterochromaffin cells in the gastrointestinal tract, and it can be concluded that propofol may

possess a weak 5-HT3 antagonistic effect.

* Propofol sedation did not influence gastric emptying of liquids, but it slightly prolonged orocecal

transit time.

* Propofol abolished gastric relaxation induced by morphine, but it did not abolish morphine-indu-

ced delay of gastric emptying.

* Propofol in a low dose infusion reduced the incidence of postoperative nausea and vomiting in

patients undergoing breast and abdominal surgery, but nausea, and especially vomiting, increased

significantly after termination of the infusion.



27

ACKNOWLEDGEMENTS
I wish to express my warm and sincere gratitude to:

• My tutor and friend Magnus Wattwil, for his ideas, for initiating this study, for his great enthu-

siasm, theoretical knowledge and patience, and the instructive, pleasurable, never-ending discus-

sions and arguments which have guided me throughout this work.

• My co-author Sven-Egron Thörn, for stimulating discussions and willing cooperation, for techni-

cal assistance and support.

• My co-author Andreas Hvarfner, for thought-provoking discussions and excellent collaboration.

• Professor Lars Wiklund, Department of Anesthesiology, Uppsala University, for valuable guid-

ance.

• My boss Björn Holmström and his predecessors Ivan Eriksson and Lars Berggren, Department of

Anesthesiology and Intensive Care, Örebro Medical Center Hospital, for their support and for en-

couraging and constructive criticism.

• Åsa Lövqvist, Lisbeth Wattwil and Ewa Öhrling, for support and unfailing help throughout the

study.

• Ing-Marie Dimgren, Marianne Welamsson and Taina Tyyskä, for great secretarial help. Ing-

Marie for very constructive, valuable, stylistic criticism of the thesis.

• Jane Wigertz, for expert linguistic revisions of my text.

• The staff at the Department of Anesthesiology and Intensive Care, Surgery, Örebro Medical Cen-

ter Hospital, who helped me in many ways during this study.

• The staff at the Postoperative Unit and Ambulatory Surgery Unit, for helpful cooperation.

• Margareta Gawell and her staff at the Medical Library, for excellent support with articles and

help with my reference library.

• My daughters Josephine and Emma, for reminding me daily about life outside the area of

research.

• My wife Aase, for the countless hours she has spent in taking care of me and our family.

• This work was carried out at the Department of Anesthesiology and Intensive Care, Örebro

Medical Center Hospital, SE-701 85 Örebro, and was supported by grants from the Örebro

County Council (Forskningskommittén), the Örebro Medical Center Research Foundation

(Stiftelsen för Medicinsk Forskning vid RSÖ, Nyckelfonden) and Zeneca®.



28

REFERENCES
1. Sebel PS, Lowdon JD. Propofol: A new intravenous anesthetic. Anesthesiology 1989;71:

260-77.

2. Smith I, White PF, Nathanson M, et al. Propofol: an update on its clinical use. Anesthesio-

logy 1994;81:1005-43.

3. Concas A, Santoro G, Mascia MP, et al. The general anesthetic propofol enhances the func-

tion of γ-aminobutyric acid-coupled chloride channel in the rat cerebral cortex. J Neurochem

1990;55:2135-8.

4. Guy J, Gelb AW. The neuropharmacology of propofol. J Drug Dev 1991;4(Suppl 30):103-5.

5. Collins GGS. Effects of the anaesthetic 2,6-diisopropylphenol on synaptic transmission in

the rat olfactory cortex slice. Br J Pharmacol 1988;95:939-49.

6. Barann M, Göthert M, Fink K, et al. Inhibition by anaesthetics of 14C-guanidinium flux

through the voltage-gated sodium channel and the cation channel of the 5-HT3 receptor of

N1E-115 neuroblastoma cells. Naunyn Schmiedebergs Arch Pharmacol 1993;347:125-32.

7. Peduto VA, Concas A, Santoro G, et al. Biochemical and electrophysiologic evidence that

propofol enhances GABAergic transmission in the rat brain. Anesthesiology 1991;75:1000-

9.

8. Pain L, Jeltsch H, Lehmann O, et al. Central cholinergic depletion induced by 192 IgG-

Saporin alleviates the sedative effects of propofol in rats. Br J Anaesth 2000;85:869-73.

9. Kikuchi T, Wang Y, Sato K, et al. In vivo effects of propofol on acetylcholine release from

the frontal cortex, hippocampus and striatum studied by intracerebral microdialysis in freely

moving rats. Br J Anaesth 1998;80:644-8.

10. Lee TL, Ang SBL, Dambisya YM, et al. The effect of propofol on human gastric and colonic

muscle contractions. Anesth Analg 1999;89:1246-9.

11. Borgeat A, Wilder-Smith OHG, Suter PM. The nonhypnotic therapeutic applications of pro-

pofol. Anesthesiology 1994;80:642-56.

12. Armstrong Davison MH. The Evolution of Anaesthesia. Altrincham, John Sherratt and Son

Ltd, 1970.

13. McCollum JSC, Milligan KR, Dundee JW. The antiemetic action of propofol. Anaesthesia

1988;43:239-40.

14. Raftery Stephen, Sherry E. Total intravenous anaesthesia with propofol and alfentanil pro-

tects against postoperative nausea and vomiting. Can J Anaesth 1992;39:37-40.



29

15. Borgeat A, Wilder-Smith OHG, Saiah M et al. Subhypnotic doses of propofol possess direct antiemetic properties.

Anesth Analg 1992;74:539-41.

16. Weir PM, Munro HM, Reynolds PI, et al. Propofol infusion and the incidence of emesis in pediatric outpatient

strabismus surgery. Anesth Analg 1993;76:760-4.

17. Schulman SR, Rockett CB, Canada AT, et al. Long-term propofol infusion for refractory postoperative nausea: a

case report with quantitative propofol analysis. Anesth Analg 1995; 80:636-7.

18. Ewalenko P, Janny S, Dejonckheere M, et al. Antiemetic effect of subhypnotic doses of propofol after

thyroidectomy. Br J Anaesth 1996;77:463-7.

19. Kim SI, Han TH, Kil HY, et al. Prevention of postoperative nausea and vomiting by continuous infusion of

subhypnotic propofol in female patients receiving intravenous patient-controlled analgesia. Br J Anaesth

2000;85:898-900.

20. Sneyd JR, Carr A, Byrom WD, et al. A meta-analysis of nausea and vomiting following maintenance of

anaesthesia with propofol or inhalational agents. Eur J Anaesth 1998;15: 433-45.

21. Numazaki M, Fujii Y. Subhypnotic dose of propofol for the prevention of nausea and vomiting during spinal

anaesthesia for caesarean section. Anaesth Intens Care 2000;28:262-5.

22. Snow J. On Narcotism by Inhalation of Vapors. Facsimile,  Edn 1991. London Royal Soc Med Ser Ltd, 1848.

23. Kapur PA. The big “little problem”. Editorial. Anesth Analg 1991;73:243-5.

24. Orkin FK. What do patients want? – Preferences for immediate postoperative recovery. Anesth Analg

1992;74:S225.

25. Camu F, Lauwers MH, Verbessem D. Incidence and aetiology of postoperative nausea and vomiting. Eur J

Anaesth 1992;9(Suppl 6):25-31.

26. Wang SC, Borison HL. A new concept of organization of the central emetic mechanism: recent studies on the sites

of action of apomorphine, copper sulfate and cardiac glycosides. Gastroenterol 1952;22:1-12.

27. Borison HL, Wang SC. Physiology and pharmacology of vomiting. Pharmacol Rev 1953;5: 193-230.

28. Watcha MF, White PF. Postoperative nausea and vomiting. Its etiology, treatment and prevention. Review.

Anesthesiology 1992;77:162-84.

29. Naylor RJ, Inall FC. The physiology and pharmacology of postoperative nausea and vomiting. Anaesthesia

1994;49(Suppl):2-5.



30

30. Borison HL. Area postrema: chemoreceptor circumventricular organ of the medulla oblon-

gata. Prog Neurobiol 1989;32:351-90.

31. Andrews PLR, Davis CJ, Bingham S, et al. The abdominal visceral innervation and the

emetic reflex: pathways, pharmacology, and plasticity. Can J Physiol Pharmacol 1990;68:

325-45.

32. Andrews PLR. Physiology of nausea and vomiting. Br J Anaesth 1992;69(Suppl 1):2S-19S.

33. Racké K, Schwörer H. Regulation of serotonin release from the intestinal mucosa. Pharma-

col Res 1991;23:13-25.

34. Hindle AT. Recent developments in the physiology and pharmacology of 5-hydroxytrypta-

mine. Br J Anaesth 1994;73:395-407.

35. Bunce KT, Tyers MB. The role of 5-HT in postoperative nausea and vomiting. Br J Anaesth

          1992;69(Suppl 1):60S-2S.

36 Andrews PLR, Hawthorn J. The neurophysiology of vomiting. Baillieres Clin Gastroenterol

         1988;2:141-68.

37. Korttila K, Hovorka J, Erkola O. Nitrous oxide does not increase the incidence of nausea

and vomiting after isoflurane anesthesia. Anesth Analg 1987;66:761-5.

38. Hovorka J, Korttila K, Erkola O. Nitrous oxide does not increase nausea and vomiting follo-

wing gynaecological laparoscopy. Can J Anaesth 1989;36:145-8.

39. Hartung J. Twenty-four of twenty-seven studies show a greater incidence of emesis associa-

ted with nitrous oxide than with alternative anesthetics. Anesth Analg 1996;83:114-6.

40. Palazzo MGA, Strunin L. Anaesthesia and emesis. I: etiology. Review. Can Anaesth Soc J

         1984;31:178-87.

41. King MJ, Milazkiewicz R, Carli F, et al. Influence of neostigmine on postoperative vomit-

ing. Br J Anaesth 1988;61:403-6.

42. Salmenperä M, Kuoppamäki R, Salmenperä A. Do anticholinergic agents affect the occur-

rence of postanaesthetic nausea? Acta Anaesthesiol Scand 1992;36:445-8.

43. Ogilvy AJ, Smith G. The gastrointestinal tract after anaesthesia. Eur J Anaesth 1995;12

(Suppl 10):35-42.

44. Schurizek BA. The effects of general anaesthesia on antroduodenal motility,

          gastric pH and gastric emptying in man. Dan Med Bull 1991;38:347-65.

45. Minton NA, Hla KK, Chilton JE, et al. Ipecacuanha-induced emesis: a potential human

model for testing the anti-emetic activity of 5-HT3-receptor antagonists. Br J Clin Pharmacol
1992;33:221P.



31

46. Kilpatrick GJ, Bunce KT, Tyers MB. 5-HT3 receptors. Med Res Rev 1990;10:441.75.

47. Cubeddu LX, Hoffmann IS, Fuenmayor NT, et al. Efficacy of ondansetron (GR 38032F) and

the role of serotonin in cisplatin-induced nausea and vomiting. N Engl J Med 1990;322:810-

6.

48. Costall B, Domeney AM, Naylor RJ, et al. Fluphenazine, ICS 205-930 and dl-fenfluramine

differentially antagonize drug-induced emesis in the ferret. Neuropharmacol 1990;29:453-

62.

49. Russel D, Kenny GNC. 5-HT3 antagonists in postoperative nausea and vomiting. Br J

Anaesth 1992;69(Suppl 1):63S-8S.

50. Resnick RH, Gray SJ. Distribution of serotonin (5-hydroxytryptamine) in the human gastro-

intestinal tract. Gastroenterol 1961;41:119-21.

51. Milne RJ, Heel RC. Ondansetron. Therapeutic use as an antiemetic. Drugs 1991;41:574-95.

52. Loan WB, Morrison JD, Dundee JW, et al. Studies of drugs given before anaesthesia. XVII:

the natural and semi-synthetic opiates. Br J Anaesth 1969;41:57-63.

53. Holdsworth JD. The place of apomorphine prior to obstetric analgesia. J Int Med Res 1978;

6(Suppl 1):26-32.

54. Boogaerts JG, Vanacker E, Seidel L, et al. Assessment of postoperative nausea using a

visual analogue scale. Acta Anaesthesiol Scand 2000;44:470-4.

55. Heading RC, Nimmo J, Prescott LF, et al. The dependence of paracetamol absorption on the

rate of gastric emptying. Br J Pharmacol 1973;47:415-21.

56. Clements JA, Heading RC, Nimmo WS, et al. Kinetics of acetaminophen absorption and

gastric emptying in man. Clin Pharmacol Ther 1978;24:420-31.

57. Spiller RC. In: An Illustration Guide to Gastrointestinal Motility (Eds Kumar D, Wingate

D), 2nd edition, chapter 21, 1995, pp 308-19.

58. Tanghöj H, Järnerot G. The reproducibility of the orocecal transit time determined by stan-

dardized H2-breathing test with raffinose as test substance (Swedish). Svenska Läkar-

sällskapets Handlingar Hygiea 1986;95:148-9 (GA 42 P).

59. Holdsworth JD, Furness RMB, Roulston RG. A comparison of apomorphine and stomach

tubes for emptying the stomach before general anaesthesia in obstetrics. Br J Anaesth 1974;

46:526-9.

60. Anderson GM, Feibel FC, Cohen DJ. Determination of serotonin in whole blood, platelet-

rich plasma, platelet-poor plasma and plasma ultrafiltrate. Life Sci 1987;40:1063-70.



32

61. Keating J, Dratcu L, Lader M, et al. Measurement of plasma serotonin by high-performance

          liquid chromatography with electrochemical detection as an index of the in vivo activity of

          fluvoxamine. J Chromatogr 1993;615-237-42.

62. Wilson E, David A, MacKenzie N, et al. Sedation during spinal anaesthesia: comparison of

              propofol and midazolam. Br J Anaesth 1990;64:48-52.

63. Whitehead WE, Delvaux M, and the Working Team. Standardization of barostat procedures 

for testing smooth muscle tone and sensory thresholds in the gastrointestinal tract. Review.

Dig Dis Sci 1997;42:223-41.

64. Gunawardene RD, White DC. Propofol and emesis. Anaesthesia 1988;43(Suppl):65-7.

65. Gan TJ, El-Molem H, Ray J, et al. Patient-controlled antiemesis. A randomized, double-

          blind comparison of two doses of propofol versus placebo. Anesthesiology 1990;90:1564-

          70.

66. Brooker CD, Sutherland J, Cousins MJ. Propofol maintenance to reduce postoperative eme-

sis in thyroidectomy patients: a group sequential comparison with isoflurane/nitrous oxide.

Anaesth Intens Care 1998;26:625-9.

66. Honkavaara P, Saarnivara L. Comparison of subhypnotic doses of thiopentone vs propofol

on the incidence of postoperative nausea and vomiting following middle ear surgery. Acta

Anaesthesiol Scand 1998;42:211-5.

67. Jokela RM, Kangas-Saarela TA, Valanne JVI, et al. Postoperative nausea and vomiting after

         sevoflurane with or without ondansetron compared with propofol in female patients under-

          going breast surgery. Anesth Analg 2000;91:1062-5.

68. Armbrecht U, Jensen J, Eden S, et al. Assessment of orocoecal transit time by means of a

          hydrogen (H2) breath test as compared with a radiologic control method. Scand J Gastroente-

          rol 1986;21:669-77.

70. Willems JL, Buylaert WA, Lefebvre RA, et al. Neuronal dopamine receptors on autonomic

ganglia and sympathetic nerves and dopamine receptors in the gastrointestinal system. Phar-

macol Rev 1985;37:165-216.

71. Gaudin C, Ruget G, Selz F, et al. Free and conjugated catecholamines in digestive tissues of

          rats. Life Sci 1985;37:1469-74.

72. Valenzuela JE. Dopamine as a possible neurotransmitter in gastric relaxation. Gastroenterol

         1976;71:1019-22.

73. Kurosawa S, Hasler WL, Torres G, et al. Characterization of receptors mediating the effects
         of  dopamine on gastric smooth muscle. Gastroenterol 1991;100:1224-31.



33

74. Levein NG, Thörn SE, Lindberg G, et al. Dopamine reduces gastric tone in a dose-related

manner. Acta Anaesthesiol Scand 1999;43:722-5.

75. Appadu BL, Strange PG, Lambert DG. Does propofol interact with D2 dopamine receptors?

Anesth Analg 1994;79:1191-2.

76. DiFlorio T. Is propofol a dopamine antagonist? Anesth Analg 1993;77:200-1.

77. Hvarfner A, Hammas B, Thörn SE, et al. The influence of propofol on vomiting induced by

apomorphine. Anesth Analg 1995;80:967-9.

78. Loeser EA, Bennett G, Stanley TH, et al. Comparison of droperidol, haloperidol and pro-

chlorperazine as postoperative anti-emetics. Can Anaesth Soc J 1979;26:125-7.

79. Korttila K, Kauste A, Auvinen J. Comparison of domperidone, droperidol, and metoclopra-

mide in the prevention and treatment of nausea and vomiting after balanced general anesthe-

sia. Anesth Analg 1979;58:396-400.

80. Santos A, Datta S. Prophylactic use of droperidol for control of nausea and vomiting during

spinal anesthesia for cesarean section. Anesth Analg 1984;63:85-7.

81. Madej TH, Simpson KH. Comparison of the use of domperidone, droperidol and metoclo-

pramide in the prevention of nausea and vomiting following major gynaecological surgery.

Br J Anaesth 1986;58:884-7.

82. Williams OA, Clarke FL, Harris RW, et al. Addition of droperidol to patient-controlled

analgesia: effect on nausea and vomiting. Anaesthesia 1993;48:881-4.

83. Rothenberg DM, McCarthy RJ, Peng CC, et al. Nausea and vomiting after dexamethasone

versus droperidol following outpatient laparoscopy with a propofol-based general anesthetic.

Acta Anaesthesiol Scand 1998;42:637-42.

84. Lacroix G, Lessard MR, Trépanier CA. Treatment of postoperative nausea and vomiting:

comparison of propofol, droperidol and metoclopramide. Can J Anaesth 1996;43:115-20.

85. Cozanitis D, Asantila R, Eklund P, et al. A comparison of ranitidine, droperidol or placebo

in the prevention of nausea and vomiting after hysterectomy. Can J Anaesth 1996;43:106-9.

86. Wu O, Belo SE, Koutsoukos G. Additive anti-emetic efficacy of prophylactic ondansetron

with droperidol in out-patient gynecological laparoscopy. Can J Anesth 2000;47:529-36.

87. Kreisler NS, Spiekermann BF, Ascari CM, et al. Small-dose droperidol effectively reduces
nausea in a general surgical adult patient population. Anesth Analg 2000;91:1256-61.

88. Eberhart LHJ, Morin AM, Bothner U, et al. Droperidol and 5-TH3-receptor antagonists,
alone or in combination, for prophylaxis of postoperative nausea and vomiting. Acta
Anaesthesiol Scand 2000;44:1252-7.



34

89. Pinder RM, Brogden RN, Sawyer PR, et al. Metoclopramide: a review of its pharmacologi-

cal properties and clinical use. Drugs 1976;12:81-131.

90. Lussos SA, Bader AM, Thornhill ML, et al. The antiemetic efficacy and safety of prophylac-

tic metoclopramide for elective cesarean delivery during spinal anesthesia. Reg Anesth 1992;

17:126-30.

91. Knudsen K, Lisander B. Metoclopramide decreases emesis after spinal anesthesia supple-

mented with subarachnoid morphine. Reg Anesth 1994;19:390-4.

92. Malins AF, Field JM, Nesling PM, et al. Nausea and vomiting after gynaecological laparo-

scopy: comparison of premedication with oral ondansetron, metoclopramide and placebo. Br

J Anaesth 1994;72:231-3.

93. Henzi I, Walder B, Tramèr MR. Metoclopramide in the prevention of postoperative nausea

and vomiting: a quantitative systematic review of randomized, placebo-controlled studies. Br

J Anaesth 1999;83:761-71.

94. Steinbrook RA, Freiberger D, Gosnell JL, et al. Prophylactic antiemetics for laparoscopic

cholecystectomy: ondansetron versus droperidol plus metoclopramide. Anesth Analg 1996;

83:1081-3.

95. Domino KB, Anderson EA, Polissar NL, et al. Comparative efficacy and safety of ondanse-

tron, droperidol, and metoclopramide for preventing postoperative nausea and vomiting: a

meta-analysis. Anesth Analg 1999;88:1370-9.

96. Desilva PHDP, Darvish AH, McDonald SM, et al. The efficacy of prophylactic ondansetron,

droperidol, perphenazine, and metoclopramide in the prevention of nausea and vomiting

after major gynecologic surgery. Anesth Analg 1995;81:139-43.

97. Loewen PS, Marra CA, Zed PJ. 5-HT3 receptor antagonists vs traditional agents for the pro-

phylaxis of postoperative nausea and vomiting. Review. Can J Anesth 2000;47:1008-18.

98. Figueredo ED, Canosa LG. Ondansetron in the prophylaxis of postoperative vomiting: a

meta-analysis. J Clin Anesth 1998;10:211-21.

99. Heading RC, Nimmo J, Prescott LF, et al. The dependence of paracetamol absorption on the

rate of gastric emptying. Br J Pharmacol 1973;47:415-21.

100. Thörn SE, Wattwil M, Näslund I. Postoperative epidural morphine, but no epidural bupiva-
caine, delays gastric emptying on the first day after cholecystectomy. Reg Anesth 1992;17:
91-4.

101. Thorén T, Tanghöj H, Wattwil M, et al. Epidural morphine delays gastric emptying and
small intestinal transit in volunteers. Acta Anaesthesiol Scand 1989;33:174-80.



35

102. Nimmo WS, Heading RC, Wilson J, et al. Inhibition of gastric emptying and drug absorption

by narcotic analgesics. Br J Clin Pharmacol 1975;2:509-13.

103. Petring OU, Adelhøj B, Ibsen M, et al. The relationship between gastric emptying of semi-

solids and paracetamol absorption. Br J Clin Pharmacol 1986;22:659-62.

104. Petring OU, Adelhøj B, Crawford M, et al. The effect of droperidol on fentanyl-influenced

gastric emptying in man. Acta Anaesthesiol Scand 1988;32:21-3.

105. Petring OU, Flachs H. Inter- and intrasubject variability of gastric emptying in healthy

volunteers measured by scintigraphy and paracetamol absorption. Br J Clin Pharmacol 1990;

29:703-8.

106. Petring OU, Blake DW. Gastric emptying in adults: an overview related to anaesthesia.

Anaesth Intens Care 1993;21:774-81.

107. Mushambi MC, Rowbotham DJ, Bailey SM. Gastric emptying after minor gynaecological

surgery. Anaesthesia 1992;47:297-9.

108. Bennett MWR, Bembridge JL, Shah MV. A comparison of the effect on gastric emptying of

either enflurane or propofol given during maintenance of anaesthesia for minor surgery.

Anaesthesia 1994;49:675-7.

109. McArthur CJ, Gin T, McLaren IM, et al. Gastric emptying following brain injury: effects of

choice of sedation and intracranial pressure. Intens Care Med 1995;21:573-6.

110. Tarling MM, Toner CC, Withington PS, et al. A model of gastric emptying using paraceta-

mol absorption in intensive care patients. Intens Care Med 1997;23:256-60.

111. Frost P, Edwards N, Bihari D. Gastric emptying in the critically ill - the way forward? Intens

Care Med 1997;23:243-5.

112. Jorge JMN, Wexner SD, Ehrenpreis ED. The lactulose hydrogen breath test as a measure of

orocaecal transit time. Eur J Surg 1994;160:409-16.

113. Stewart JJ, Weisbrodt NW, Burks TF. Central and peripheral actions of morphine on intesti-

nal transit. J Pharmacol Exp Ther 1978;205:547-55.

114. Manara L, Bianchetti A. The central and peripheral influences of opioids on gastrointestinal

propulsion. Ann Rev Pharmacol Toxicol 1985;25:249-73.

115. Bueno L, Fioramonti J. Action of opiates on gastrointestinal function. Bailliere Clin Gastro-

enterol 1988;2:123-39.

116. Minami H, McCallum RW. The physiology and pathophysiology of gastric emptying in

humans. Review. Gastroenterol 1984;86:1592-610.



36

117. Murphy DB, Sutton JA, Prescott LF, et al. Opioid-induced delay in gastric emptying. Anes-

thesiology 1997;87:765-70.

118. Hammas B, Hvarfner A, Thörn SE, et al. Propofol sedation and gastric emptying in volun-

teers. Acta Anaesthesiol Scand 1998;42:102-5.

119. Azpiroz F, Malagelada JR. Gastric tone measured by an electronic barostat in health and

postsurgical gastroparesis. Gastroenterol 1987;92:934-43.

120. Kenny GNC. Risk factors for postoperative nausea and vomiting. Anaesthesia 1994;49

(Suppl):6-10.

121. Azpiroz F, Malagelada JR. Physiological variations in canine gastric tone measured by an

electronic barostat. Am J Physiol 1985;248:G229-37.

122. Read NW, Houghton LA. Physiology of gastric emptying and pathophysiology of gastro-

paresis. Gastroenterol Clin North Am 1989;18:359-73.

123. Jarnberg P-O, Wattwil M. I.V. morphine reduces gastric tone and causes more emesis than

I.V. fentanyl in dogs. Anesthesiology 1993;79:A371.

124. Strunz UT, Grossman MI. Effect of intragastric pressure on gastric emptying and secretion.

Am J Physiol 1978;235:E552-5.

125. Valenzuela JE, Liu DP. The effect of variations in intragastric pressure and gastric emptying

of a saline meal in humans. Scand J Gastroenterol 1982;17:293-6.

126. Valenzuela JE, Defilippi C, Csendes A. Manometric studies on the human pyloric sphincter.

Effect of cigarette smoking, metoclopramide, and atropine. Gastroenterol 1976;70:481-3.

127. Houghton LA, Read NW, Heddle R, et al. Relationship of the motor activity of the antrum,

pylorus, and duodenum to gastric emptying of a solid-liquid mixed meal. Gastroenterol

1988;94:1285-91.

128. Edin R, Lundberg J, Terenius L, et al. Evidence for vagal enkephalinergic neural control of

the feline pylorus and stomach. Gastroenterol 1980;78:492-7.

129. Kromer W. Endogenous and exogenous opioids in the control of gastrointestinal motility

and secretion. Pharmacol Rev 1988;40:121-62.

130. Pueyo FJ, Carrascosa F, Lopez L, et al. Combination of ondansetron and droperidol in the

prophylaxis of postoperative nausea and vomiting. Anesth Analg 1996;83:117-22.

131. McKenzie R, Tantisira B, Karambelkar DJ, et al. Comparison of ondansetron with ondanse-
tron plus dexamethasone in the prevention of postoperative nausea and vomiting. Anesth
Analg 1994;79:961-4.

132. Watcha MF, White PF. New antiemetic drugs. Int Anaesthesiol Clin 1995;33:1-20.



37

133. Riley TJ, McKenzie R, Tantisira BR, et al. Droperidol-ondansetron combination versus dro-

peridol alone for postoperative control of emesis after total abdominal hysterectomy. J Clin

Anesth 1998;10:6-12.

134. Kathirvel S, Shende D, Madan R. Comparison of anti-emetic effects of ondansetron, meto-

clopromide or a combination of both in children undergoing surgery for strabismus. Eur J

Anaesthesiol 1999;16:761-5.

135. White  PF, Watcha MF. Postoperative nausea and vomiting: prophylaxis versus treatment.

Editorial. Anesth Analg 1999;89:1337-9.

136. Bugedo G, Gonzalez J, Asenjo C, et al. Ondansetron and droperidol in the prevention of

postoperative nausea and vomiting. Br J Anaesth 1999;83:813-4.

137. Scuderi PE, James RL, Harris L, et al. Multimodal antiemetic management prevents early

postoperative vomiting after outpatient laparoscopy. Anesth Analg 2000;91:1408-14.

138. Kovac AL. Prevention and treatment of postoperative nausea and vomiting. Drugs 2000;59:

213-43.

139. Tramèr MR. A rational approach to the control of postoperative nausea and vomiting: evi-

dence from systematic reviews. Part I. Efficacy and harm of antiemetic interventions, and

methodological issues. Acta Anaesthesiol Scand 2001;45:4-13.

140. Tramèr MR. A rational approach to the control of postoperative nausea and vomiting: evi-

dence from systematic reviews. Part II. Recommendations for prevention and treatment, and

research agenda. Acta Anaesthesiol Scand 2001;45:14-9.

141. Klockgether Radke A, Neumann S, Neumann P, et al. Ondansetron, droperidol and their

combination for the prevention of postoperative vomiting in children. Eur J Anaesthesiol

1997;14:362-7.

142. Koivuranta M, Jokela R, Kiviluoma K, et al. The antiemetic efficacy of a combination of

ondansetron and droperidol. Anaesthesia 1997;52:863-8.

143. Henzi I, Walder B, Tramèr MR. Dexamethasone for the prevention of postoperative nausea

and vomiting: a quantitative systematic review. Anesth Analg 2000;90:186-94.

144. Grunberg SM. Innovative approaches in the treatment of emesis. Support Care Cancer 1997;

5:9-11.

145. Sridhar KS, Hussein AM, Hilsenbeck S, et al. Five-drug antiemetic combination for cisplatin

chemotherapy. Cancer Invest 1992;10:191-9.



38

146. Sorbe B, Högberg T, Himmelmann A, et al. Efficacy and tolerability of tropisetron in com-

parison with a combination of tropisetron and dexamethasone in the control of nausea and

vomiting induced by cisplatin-containing chemotherapy. Eur J Cancer 1994;30A:629-34.

147. Sorbe B, Högberg T, Glimelius B, et al. A randomized, multicenter study comparing the

efficacy and tolerability of tropisetron, a new 5-HT3 receptor antagonist, with a metoclopra-

mide-containing antiemetic cocktail in the prevention of cisplatin-induced emesis. Cancer

1994;73:445-54.

148. Tzeng JI, Wang JJ, Ho ST, et al. Dexamethasone for prophylaxis of nausea and vomiting

after epidural morphine for post-Caesarean section analgesia: comparison of droperidol and

saline. Br J Anaesth 2000;85:865-8.

149. Subramaniam B, Madan R, Sadhasivam S, et al. Dexamethasone is a cost-effective alterna-

tive to ondansetron in preventing PONV after paediatric strabismus repair. Br J Anaesth

2001;86:84-9.

150. Liu K, Hsu CC, Chia YY. The effective dose of dexamethasone for antiemesis after major

gynecological surgery. Anesth Analg 1999;89:1316-8.

151. Wang JJ, Ho ST, Lee SC. The use of dexamethasone for preventing postoperative nausea

and vomiting in females undergoing thyroidectomy: a dose-ranging study. Anesth Analg

2000;91:1404-7.

152. Coloma M, Duffy LL, White PF, et al. Dexamethasone facilitates discharge after outpatient

anorectal surgery. Anesth Analg 2001;92:85-8.

153. Mitchelson F. Pharmacological agents affecting emesis. A review (Part I). Drugs 1992;43:

295-315.

154. Mitchelson F. Pharmacological agents affecting emesis. A review (Part II). Drugs 1992;43:
443-63.

155. Roila F, Tonato M, Cognetti F, et al. Prevention of cisplatin-induced emesis: a double-blind

multicenter randomized crossover study comparing ondansetron and ondansetron plus dexa-

methasone. J Clin Oncol 1991;9:675-8.

156. Rajeeva V, Bhardwaj N, Batra YK, et al. Comparison of ondansetron with ondansetron and

dexamethasone in prevention of PONV in diagnostic laparoscopy. Can J Anesth 1999;46:40-

4.

157. The Italian Group for Antiemetic Research. Dexamethasone alone or in combination with

ondansetron for the prevention of delayed nausea and vomiting induced by chemotherapy.

New Engl J Med 2000;342:1554-9.



39

158. Borgeat A, Wilder-Smith O, Forni M, et al. Adjuvant propofol enables better control of nau-

sea and emesis secondary to chemotherapy for breast cancer. Can J Anaesth 1994;41:1117-9.

159. Spitzer TR, Grunberg SM, Dicato MA. Antiemetic strategies for high-dose chemoradiothe-

rapy-induced nausea and vomiting. Support Care Cancer 1998;6:233-6.

160. Weisbrodt NW, Wiley JN, Overholt BF, et al. A relation between gastroduodenal muscle

contractions and gastric emptying. Gut 1969;10:543-8.

161. Alvarez O, Freeman A, Bedros A, et al. Randomized double-blind crossover ondansetron-

dexamethasone versus ondansetron-placebo study for the treatment of chemotherapy-indu-

ced nausea and vomiting in pediatric patients with malignancies. J Pediat Hematol/Oncol

1995;17:145-50.

162. Apfel CC, Läärä E, Koivuranta M, et al. A simplified risk score for predicting postoperative

nausea and vomiting: conclusions from cross-validations between two centers. Anesthesio-

logy 1999;91:693-700.

163. Borgeat A, Wilder-Smith OH, Wilder-Smith CH, et al. Propofol improves patient comfort

during cisplatin chemotherapy. A pilot study. Oncol 1993;50:456-9.

164. Tomioka S, Kurio T, Takaishi K, et al. Propofol is effective in chemotherapy-induced nausea

and vomiting: a case report with quantitative analysis. Anesth Analg 1999;89:798-9.


	ABSTRACT
	List of Papers
	CONTENTS
	INTRODUCTION
	Physiology of nausea and vomiting

	PURPOSE OF THE STUDY
	SUBJECTS
	METHODS
	Dopamine- induced vomiting
	Serotonin- induced vomiting
	Gastric emptying
	Orocecal transit time
	Serotonin analysis
	Estimation of sedation level
	Gastric tone measurement
	Assessment of nausea and vomiting

	PROCEDURES
	STATISTICS
	RESULTS
	Study I
	Study II
	Study III
	Study IV
	Study V

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

