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The effect of race on the incidence of postoperative nausea and vomiting in moderate to 

high risk patients in South Africa: A prospective study 

 

Background: 

 

Postoperative nausea and vomiting (PONV) is a multifactorial, complex phenomenon that 

has been widely studied. Little work has been done in assessing the risk of PONV in South 

African population groups. The aim of the study was to compare the effect of racial 

background on the incidence of PONV in moderate to high-risk black versus non-black South 

African patients undergoing general anaesthesia.  

 

Methods 

 

A prospective, controlled observational study was carried out. After an initial power 

calculation, 82 patients in each group (164 in total) were required for the study. However, 

due to researcher availability, time constraints and a readjustment of the power calculation, 

95 patients at moderate to high risk for PONV were enrolled onto the study over an 

extended study period of 20 months (initially the study period was planned to be 6 months). 

89 patients fulfilling the inclusion criteria were divided according to race into two cohorts. 

Ondansetron and dexamethasone were used as PONV prophylaxis after induction of general 

anaesthesia. Propofol was used as the induction hypnotic with isoflurane to maintain 

anaesthesia. Nitrous oxide, ketamine and droperidol were avoided. Use of analgesics was 

unrestricted, but neuraxial and nerve plexus regional anaesthesia were avoided. If a 
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non-depolarising neuromuscular blocking agent was used, a maximum of 2.5mg of 

neostigmine was given to reverse neuromuscular blockade. Nausea and vomiting were 

assessed by means of a visual analogue scale in the recovery room and ward. Time intervals 

to assess degree of PONV were 0 hours (defined by first assessment of a modified Aldrete 

recovery score of at least 9 out of 10 and Glasgow Coma Scale of at least 14/15), 15 

minutes, 90 minutes, 180 minutes, and 24 hours. Reports of incidents of vomiting and 

complaints of nausea between interviews were obtained from patients through questioning. 

 

Results 

 

There were 59 black participants and 30 non-black participants. There were 17 males and 72 

females. There were no differences in the black and non-black groups with regard to 

gender, past history of motion sickness, past history of post operative nausea and vomiting, 

ASA status, smoking and anaesthetic time (p>0.05). There was a significant difference in the 

distribution of surgical procedures in the black and non-black participants (Mann Whitney U 

test, p= 0.02), although this did not affect the final result. 

On univariate analysis there were significant correlations between black South African 

ethnicity and nausea at all time intervals and also vomiting. Using multivariate regression 

analysis, non-black South African ethnicity was identified as a risk factor for PONV. It was 

found that black South African patients were protected against postoperative nausea, with a 

RR of 0.41 (95% CI, 0.28-0.60). 

 

Conclusion 

 

In this study we found that black South African ethnicity reduced the risk of PONV as 

compared with non-black South African ethnicity. We found that non-black South Africans 

had a similar risk of PONV to that published in international literature and predicted by the 

Apfel score, whereas the risk of PONV in similar Apfel scored black South African patients 

was much lower.  
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CHAPTER 1 - PROTOCOL 
 

Title: The effect of ethnicity on the incidence of post operative nausea and vomiting in 

moderate to high risk patients in South Africa: A prospective observational study 

 

Dr A Alli, MBBCh (Wits), FCA(SA), Cert Crit Care (SA) 

Dr S French, MBBCh (Wits), FCA (SA) 

Dr S Omar, MBChB(Medunsa), FC Path(SA), DA(SA), Cert Crit Care(SA) 

Dr B Naik, MBBCh (Wits), DA (SA), Diplomate of the American Board of Anesthesiology, 

Board Certified – Critical Care Medicine 

 

1.1 INTRODUCTION  

 

Postoperative nausea and vomiting (PONV) is common after administration of general 

anaesthesia. The incidence is up to 70% in high-risk patient groups despite newer antiemetic 

drugs and various treatment modalities (1). The overall incidence in patients receiving 

general anaesthesia is approximately 30% (2). Although not associated with increased 

mortality, PONV is uncomfortable for patients, and can prolong hospital stay, causing 

reduced patient satisfaction, and increased cost of stay (3,4).  

 

There are specific risk factors that have been associated with increased risk of PONV, and 

patients with these risk factors receive antiemetic prophylaxis preoperatively (See Table 

1.1). Recognised risk factors for postoperative nausea and vomiting have been divided into 

patient risk factors, anaesthetic risk factors and surgical risk factors.  

Patient risk factors are age less than 50 years, female sex, non-smoking status, and history 

of previous PONV or motion sickness (2,5,6). Anaesthetic risk factors are the use of opioids 

(7), neostigmine (doses larger than 2.5mg) (8), and the use of volatile agents and nitrous 

oxide (9,10). The major surgical risk factor is the length of surgery (each thirty minutes of 

surgery, increases risk by 60%) (5).  
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Table 1.1: Risk factors for PONV (2-10) 

Patient risk factors  Age – <50 yrs 

 Sex - female 

 Non-smokers 

 History of previous PONV or motion sickness 

Anaesthetic risk 

factors 

 Use of opioids 

 Use of nitrous oxide/ volatiles 

 High doses of neostigmine (>2.5 mg) 

Surgical risk 

factors 

 Long surgical procedures (>30mins duration)  
 

 

Based on the afore-mentioned factors patients are stratified into high, moderate, and low 

risk groups. Various scoring systems have been delineated. Logistic regression models have 

been developed (6,12), but are not used widely. A more recent scoring system uses 4 risk 

factors (1). These risk factors are female gender, history of motion sickness or PONV, 

non-smoking status and the use of postoperative opioids for pain relief. In this study, if one, 

two, three or four of these risk factors were present, the incidences of PONV were 10, 21, 

39, 79% respectively.  

A composite of the above scoring systems results in a simplified scoring system (13) (See 

Table 1.2). Patients who have a history of PONV on one occasion, or two of the following 

other risk factors – female gender, postoperative opioid use, history of motion sickness or 

non-smoking status, fall into a low to moderate risk group. Patients falling into a moderate 

to high-risk group are those who have a history of PONV on one occasion and one other risk 

factor, or three separate risk factors. Patients that fall into a high-risk group are those who 

have a history of PONV on more than one occasion and one other risk factor.  
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Table 1.2: A suggested scheme for risk stratification (13) 

 Low to Moderate 

Risk 

Moderate to High 

Risk 

High Risk 

Criteria A on one occasion 

or 2 factors from B 

A on one occasion 

PLUS > 1 factor 

from B  

OR >3 factors from 

B 

A on more than one 

occasion PLUS > 1 

factor from B 

Prophylaxis One Agent Dual Agent Multimodal (anti 

emetic drugs and 

changing modifiable 

risk factors) 

A: History of PONV 

B: Female gender, Postoperative opioid use, history of motion sickness, non-smoker, 

expected surgery greater than 30 mins duration 

 

Ethnic origin may have an effect on the incidence of PONV. There has been a recent 

retrospective study by Rodseth et al examining the effect of ethnicity on the incidence of 

PONV in the South African population. The incidence of PONV in non-African patients was 

45% and that in African patients was 27%. The authors performed stepwise logistic 

regression analysis which identified ethnicity as a risk factor for PONV. (14) 

  

It has been reported that Chinese or Asian-American patients are more susceptible to PONV 

(15). Studies in a laboratory induced motion sickness setting suggest that ethnicity could be 

a risk factor for PONV (16). It has also been reported that Chinese patients have a higher 

susceptibility to laboratory- induced motion sickness than Caucasian patients (17).  An 

investigation of patients receiving opioid drugs revealed a difference in the incidence of 

nausea and vomiting between different race groups (18).  

From the available literature there appears to be a correlation between ethnic origin and 

risk of nausea and vomiting in both a surgical and non-surgical context. This has not as yet 

been investigated prospectively. 
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1.2 PROBLEM STATEMENT 

 

PONV is a multifactorial, complex phenomenon that has been widely studied. Although 

rarely life threatening, it is an extremely unpleasant and costly sequelae to anaesthesia. As 

ambulatory surgery is becoming increasingly common, methods and drugs to prevent PONV 

have been investigated. However, these measures are only cost-effective, and efficacious in 

higher risk patient groups.  

There has been little prospective study to assess the risk of PONV in the population groups 

that we serve in South Africa.  

  

1.3 AIM 

 

To compare the effect of ethnicity on the incidence of PONV in moderate to high risk black 

versus non-black South African patients undergoing general anaesthesia.  

 

1.4 OBJECTIVES 

 

 To document the incidence of nausea in moderate to high risk non-black patients at 

predetermined time intervals 

 To document the incidence of vomiting in moderate to high risk non-black patients 

at predetermined time intervals 

 To document the incidence of nausea in moderate to high risk black patients at 

predetermined time intervals 

 To document the incidence of vomiting in moderate to high risk black patients at 

predetermined time intervals 

 To document the use of rescue antiemetics in the treatment of PONV in moderate to 

high risk non-black patients in the postoperative period 

 To document the use of rescue antiemetics in the treatment of PONV in moderate to 

high risk black patients in the postoperative period 

 To compare the incidence of nausea in moderate to high risk non-black patients 



18 
 

versus the incidence of nausea in moderate to high risk black patients at 

predetermined time intervals 

 To compare the incidence of vomiting in moderate to high risk non-black patients 

versus the incidence of nausea in moderate to high risk black patients at 

predetermined time intervals 

 To compare the amount and frequency of rescue antiemetic administration in the 

treatment of PONV in moderate to high risk non-black patients versus that in 

moderate to high risk black patients in the postoperative period 

 

1.5 DEFINITIONS 

 

Nausea – This is a patient-defined, subjective feeling. It is best described as the desire to 

vomit without physical expulsive muscular activity (diaphragmatic flattening, spasmodic 

anterior abdominal wall and chest contractions, pharyngeal relaxation, soft palate elevation) 

(19).  

 

Retching – There is no material brought up to the mouth from the stomach despite 

expulsive muscular activity. This usually indicates vomiting on an empty stomach (19).  

 

Vomiting – Any amount of material being brought up to the mouth from the stomach 

resulting from expulsive muscular activity is known as vomiting(19).  

 

Postoperative nausea and vomiting (PONV) – This is defined as nausea (PON) and/or 

vomiting (POV) occurring after the awakening/recovery from the administration of general 

anaesthesia (19).  

 

American Society of Anesthesiologists(ASA) – This is an educational, research and scientific 

association of physicians organised to raise and maintain the standards of anesthesiology 

worldwide (20). 

 

Non-black South Africans – South African patients who are considered to be by social 
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consensus white, indian or chinese, and who are not considered to be ethnically of Southern 

African origin. 

 

Black South Africans – South African patients who are considered by social consensus to be 

ethnically of Southern African origin. 

 

Early Postoperative Period - This is considered to be from zero to two hours post extubation 

(21).  

 

Late Postoperative Period – This is considered to be from two to 24 hours post extubation 

(21).  

 

1.6 NULL HYPOTHESIS 

 

The ethnicity of patients undergoing general anaesthesia affects the incidence of PONV. 

 

1.7 METHODOLOGY 

 

Study period 

This will include recruitment of patients and data collection, planned over a six month 

period (extended, however, to 20 months due to patient and researcher availability). 

Recruitment of patients 

Our patient population will be drawn from one site in Johannesburg– the Charlotte Maxeke 

Johannesburg Academic Hospital. Both black and non-black South African groups will be 

drawn from the same hospital.  

To show statistical significance 82 patients were planned to be recruited into each group. 

After a revised power calculation however, in consultation with a statistician, it is decided 

that a smaller number can be recruited. In total 89 patients will be recruited (59 in the black 

cohort, and 30 in the non-black cohort); these changes being made due to researcher 

availability and time constraints. Patients of mixed ethnicity will be included in the 



20 
 

non-black group. Institutional approval for the study will be obtained.  

 

Inclusion criteria: 

 18-70 years old 

 Undergoing elective surgery 

 Patients receiving general anaesthesia of at least 30 minutes duration (no maximum 

duration will be specified) 

 Moderate to high risk for PONV (See Table 1.1). Patients at moderate or high risk will 

be selected.  

 American Society of Anesthesiologists (ASA) grades 1-3 

 Informed consent obtainable 

 

Exclusion criteria: 

 Patients expected to undergo total intravenous anaesthesia or regional anaesthesia 

 Emergency surgery 

 Patients unable to give informed consent 

 Patients unable to understand the visual analogue scale (VAS)  

 

Patients will be assessed on the day before surgery, to assess their eligibility, and to obtain 

informed consent. Anaesthetists responsible for anaesthesia of patients enrolled in the 

study will be informed that their patients are involved in the study. They will also be 

informed about the method of standardisation of anaesthesia.  

 

Standardisation of anaesthesia 

 Standardised prophylaxis will be given for all patients recruited into the trial. This will 

be a combination of ondansetron and dexamethasone, at their recommended dose 

for this indication, as per the South African Medicines Formulary.  

 No nitrous oxide will be used. 

 Propofol will be the induction agent of choice. This is the induction agent most in use 

for elective surgery in the study hospital.  

 If neuromuscular blockade is to be used, a maximum of 2.5mg neostigmine is to be 
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given for neuromuscular blockade reversal. 

 The remainder of the anaesthetic will be up to the individual anaesthetist involved.  

 

Determination of degree of PONV 

The investigator will determine the presence of PONV in the recovery room after confirming 

that the patient is alert and orientated. This will be defined by the modified Aldrete 

recovery score and Glasgow coma scale, with minimum values of 9/10 and 14/15 

respectively being prerequisites (see Appendix C, p 107). 

 

Assessment of the degree of nausea will be done using a visual analog scale (see Appendix 

B, p 106), as well as with a questionnaire (see Appendix A, p 104). All data collection will be 

performed by the lead study investigator (Dr Ahmad Alli). 

 

The visual analog scale (VAS) will be a 10 cm line from zero to 10 with gradations at every 

centimeter. The patient will have already been introduced to this scale during the taking of 

informed consent. The patient will be reminded that zero on the scale means "no 

symptoms" and 10 on the scale means "maximum symptoms". The patient will then be 

asked to make a mark on the scale. All patients will be required to complete the VAS.  

There are several drawbacks in using a VAS for assessment of subjective feeling. Patients 

have differing awareness towards perception of sensations such as nausea. Another 

disadvantage is that there is a possibility of misunderstanding the method of using the VAS. 

Despite these disadvantages, the VAS method of nausea assessment for PONV has been 

previously validated (22). Should patients not be able to communicate adequately in English, 

standard questions regarding nausea and vomiting will be in the home language of the 

patient. The 11 official languages in South Africa are English, Afrikaans, isiNdebele, isiXhosa, 

isiZulu, Sepedi, Sesotho, Setswana, SiSwati, Tshivenda and Xitsonga. 

 

Time intervals to assess degree of PONV will be 0 hours (defined by first assessment of the 

patient as being alert and oriented), 15 mins, 90 mins, 180 mins, and 24 hours. These 

assessment time intervals have been validated in previous studies for PONV (21).  

 

Incidents of vomiting and complaints of nausea may occur in between questionnaires. These 
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reports will be specifically sought out by the investigator at the next planned questionnaire 

time point and the investigator will add additional notes as necessary to each questionnaire. 

Administration of rescue anti-emetic, as recorded on the patient medication chart, will also 

be noted. 

 

After data collection and analysis, results from the two groups will be compared against 

each other. 

 

Ethical considerations 

The patients in the study sample will be extensively advised about their rights if they 

decided to participate in the study and will be given a patient information leaflet (see 

Appendix D, p 108). Full informed consent will be taken (see Appendix E, p 110). The Human 

Research Ethics Committee and the Post Graduate Committee from the University of the 

Witwatersrand will extensively review the study prior to commencement (see Appendix F, p 

111). The study will not be approved for performance if there are any ethical 

contraventions. The hospital superintendent will also approve the study before it can be 

conducted (see Appendix G, p112).  

The above measures are aimed at protecting the rights and health of the potential study 

participants. 

 

Costing and acquisition of study materials 

The antiemetic prophylactic drugs used will ondansetron and dexamethasone. Funding has 

been obtained from the South African Society of Anaesthesiologists (Jan Pretorius Fund) to 

purchase ondansetron for purposes of the study. Dexamethasone is widely available in the 

hospital and is used for PONV prophylaxis routinely in high risk patient groups.  

Questions targeted to patients (see Appendix A, p 104) will be translated into the 11 official 

South African languages by the Wits Language School at no cost. 
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1.8 LIMITATIONS OF THE STUDY 

 

Study design 

Due to their observational nature, traditional cohort studies do not provide as strong 

evidence as randomised control trials, and often provide empiric initial evidence in order to 

motivate for larger, randomised trials. We shall try to minimise bias by controlling some 

factors that we have identified as potential confounders that could skew the results 

obtained. Double blinded randomized placebo controlled trials provide the best evidence 

from a prospective study. The investigator and patients will not be blinded about the group 

allocation in this study. Withholding treatment or prophylaxis from the patients in this 

study, or administration of placebo to patients in this study, will not be considered to be 

justifiable, and thus no placebo or non-treatment group will be included.  

 

Assessment of post operative nausea and vomiting 

Although assessment of nausea is difficult as it is a subjective sensation, the degree of 

nausea can be measured by using a visual analogue scale. This is a validated method of 

assessing the degree of nausea (21).  

 

Assessment of retching and vomiting is simpler, and the occurrence of these signs can be 

observed and noted by research or hospital staff.  

 

Social and language issues 

Our study samples will be drawn from a patient population with a heterogeneous degree of 

understanding of English. 

 

We shall address this issue by using, as far as is possible, the patient's home language to 

conduct the informed consent, and the data collection.  

 

If the patient has an understanding of English sufficient for the purposes of the study (as 

judged by the investigator), we shall use English to communicate with that patient.  

 

There seems to be a perception that black patients from lower socioeconomic groupings 
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complain less of symptoms than their counterparts from other races or wealthier groups. 

There is no direct evidence of this in the literature. Since this could be an issue that may 

alter the nature of data collected, we shall attempt to minimize the potential of this by 

ensuring full patient cooperation and understanding during the informed consent 

procedure.  
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CHAPTER 2 - LITERATURE REVIEW 
 

This chapter consists of a discussion of the available literature on PONV. It begins by 

discussing the initial development of the PONV concept, and early ideas about its 

pathogenesis and treatment. It then discusses the neurophysiology, prophylaxis, treatment 

and risk factors for PONV. The chapter is concluded by an examination of ethnicity as a risk 

factor and limitations of risk factor research. 

 

2.1 DEVELOPMENT OF THE PONV CONCEPT 

 

2.1.1 EVOLUTIONARY IDEAS ABOUT NAUSEA AND VOMITING 

 

The human species has evolved various protective mechanisms in order to survive in the 

habitats that we live in, pain being the most obvious example. On experiencing pain, an 

individual will reflexively withdraw from the painful stimulus, and a subsequent learned 

response for the future will be created (130). Another example is diarrhoea; on ingestion of 

noxious substances gastrointestinal motility and secretion will increase in order to expel the 

substance from the body with reduced systemic absorption – it is thought that nausea and 

vomiting fits into a similar context (130). On ingestion of a noxious substance, vomiting will 

be initiated in order to expel that substance before it passes to the absorptive sites of the 

gastrointestinal tract. This is the postulated reason for the existence of emetogenic 

receptors within the intraluminal surface of the stomach (e.g. 5HT3 receptors) (130). 

Receptors also exist systemically so that if a substance is absorbed into the bloodstream, 

there is a second emetogenic barrier (e.g. the chemoreceptor trigger zone) that will initiate 

emesis so that further absorption is limited. Vomiting is involuntary and does not require a 

cerebral decision making process. The sensation of nausea may act as a stimulus for learned 

behaviour, and will deter an individual from ingesting the same substance again. Apart from 

an organism protective phenomenon, nausea and vomiting can also be seen to be a species 

protective phenomenon (130). For example, nausea and vomiting are more common in 

children and younger individuals and in pregnant women. Children have less world 

experience, and are more likely to ingest poisonous substances. In the context of pregnancy, 
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the first trimester is critical for early foetal development, and spontaneous miscarriages 

could occur if any ingested toxin reaches the foetus (130).   

 

2.1.2 HISTORY OF NAUSEA AND VOMITING RELATED TO ANAESTHESIA 

 

Nausea and vomiting has been a problem since the inception of general anaesthesia in the 

19th century. Even as early as Morton's first few cases of ether based anaesthesia in the 

1840's, vomiting was a problem. Vomiting and subsequent aspiration of stomach contents 

lead to serious morbidity and mortality during general anaesthesia. However, anaesthesia 

was still in the early stages, and not much attention was paid to this problem. Techniques of 

airway management, pain relief, and new anaesthetic drug development were at the 

forefront of anaesthetic research. Nausea and vomiting was not a priority until these 

"basics" of anaesthetic practice were well established.  

Due to instances of high morbidity and mortality due to aspiration, in 1934 it was published 

in a report that vomiting was the worrisome complication of general anaesthesia (23). This 

observation was repeated by in 1951 (24). Subsequently, it was discovered that the 

incidence of anaesthetic death secondary to vomiting and aspiration was more than 10 

percent (25). Due to the safety issues regarding vomiting during and after general 

anaesthesia, the subjective and qualitative sensation of nausea was not considered to be as 

important.  

After World War II, general anaesthesia became much safer, and even more so, after the 

accelerated drug and technique developments made in the 1980's and 1990's. The cost of 

anaesthesia also decreased. As a result of this, concerns of safety gave way to concerns of 

quality of anaesthesia. The subjective sensation of nausea began to play a more important 

role. Patients were less concerned about the safety of anaesthesia, and more concerned 

about the quality of care they received.  

 

2.1.3 ANTIEMETIC DRUG DEVELOPMENT 

 

Atropine was the cornerstone of the treatment of nausea and vomiting since the mid-1800s. 

Anticholinergics were subsequently the most used drugs for the treatment and prevention 
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of postoperative nausea and vomiting for a long time. As anaesthetic technique grew safer, 

however, interest in other drugs and techniques for the prevention of postoperative nausea 

and vomiting became evident (26). 

Although having methodological flaws, in one study it was found that there was a significant 

reduction in the incidence of PONV in patients who received cyclizine for prophylaxis (27). 

Techniques, such as omission of volatile agents, and use of sole intravenous agents for 

general anaesthesia were also investigated. Investigators found that less PONV occurred 

when barbiturates alone were used for general anaesthesia (20). In this study though, the 

benefits (i.e. less PONV), were outweighed by the disadvantages of barbiturates (i.e. 

sedation, hypotension). In 1957, it was discovered that less PONV occurred in patients who 

were given neuroleptics or antihistamines (28). It was studies such as these that fuelled 

accelerated research into the development of drugs for PONV from classes such as 

neuroleptics, antihistamines and anticholinergics in 1950's and 1960's (29). A double blind 

study published in 1970, resulted in metoclopramide becoming the first line treatment for 

PONV (30). Although many anaesthetic drugs had been known to be risk factors for PONV 

(31), propofol was much later discovered to have antiemetic properties (32).  

 

The advent of 5HT3 antagonists was a significant leap in the treatment and prophylaxis of 

PONV (33). Interest in these compounds grew quickly, as they were as effective as existing 

prophylaxis (i.e. neuroleptic agents), but without the accompanying side effect profile (34). 

This became the first class of antiemetic agents that was specifically manufactured to 

prevent and treat emesis secondary to chemotherapy, and postoperative nausea.  

The introduction of ondansentron allowed the performance of a large number of relatively 

well designed and controlled clinical trials examining prophylaxis in PONV. There was 

concern regarding the performance of these trials, summarised eloquently in a review by 

Tramer et al (35), due to the fact that the trials all examined a single drug made by a single 

drug company. The trials performed were often against placebo, and not against an 

alternative drug. Negative trials were not published, and the quality of anaesthesia during 

the trials was questioned. These concerns added further fuel to the theories that these trials 

were biased due to a conflict of interest. However, more 5HT3 antagonists, such as 

dolasetron and granisetron, were developed by other manufacturers, and this resulted in 

more widely accepted research being published.  
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2.1.4 NON-PHARMACOLOGICAL MEASURES AND OTHER DRUGS 

 

Many observations about non-pharmacological measures to prevent and treat PONV have 

been made. In the 1860s, John Snow used morphine to premedicate patients, and found 

that this reduced the risk of PONV. This may seem counterintuitive, as opioids are 

considered to be emetogenic, but it has been found subsequently that adequate analgesia, 

using opioid or other agents, actually reduces the incidence of PONV (36). 

As first noted in patients with brain metastases who were being treated with corticosteroids 

to reduce brain oedema, these agents were also found to reduce emesis. The mechanism of 

corticosteroid action in the prevention of PONV has been extensively studied, but still 

remains unclear (37,38). Wang et al have done extensive work investigating dexamethasone 

(38,39). Recent work investigating the Chinese acupuncture point P6 has revealed promising 

results regarding the use of this technique for prophylaxis of PONV (40).  

The P6 acupuncture point is situated between the tendons of flexor carpi radialis and 

palmaris longus on the anterior aspect of the forearm approximately 4cm from the proximal 

wrist crease. The mechanism by which this is effective is as of yet uncertain (40). 

 

2.1.5 PONV IN THE LITERATURE 

 

Many reviews with differing viewpoints regarding the pathogenesis, prophylaxis and 

treatment of PONV have been published since the 1930's. The earliest notable publication, 

which only dealt with postoperative vomiting was in by Smith 1934 (23). Subsequently, 

other articles reviewing postoperative vomiting were published in the years spanning 

1955-1972 (27,41-44). Although the whole concept of PONV was first examined by Palazzo 

et al in 1984 (45), the actual term "postoperative nausea and vomiting", was first used in the 

literature in a paper about serotonin receptor mechanisms published in 1992. This term was 

easily remembered as the acronym "PONV", and has become synonymous with the concept 

of postoperative emesis. An important systematic review on the pathogenesis, treatment 

and prevention of PONV by Watcha et al in 1992 remains one of the most widely cited 

article about the subject (46). 

During the late 1980’s and early 1990's, the meta-analysis was developed as a tool for 
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analysing large pools of data. This, together with the information technology revolution, 

made it much easier to review the existing evidence regarding all aspects of PONV. 

Furthermore risk factor research, including the formation of complex risk prediction scores, 

was made possible by advances in multiple logical regression analysis.  

These statistical tools have greater power if the studies examining risk factors or new 

anti-emetic agents are consistent in design. To this end, one the most cited authors in PONV 

research, C Apfel, published a paper on how to design PONV trials (21). 

 

2.2 THE NEUROPHYSIOLOGY OF VOMITING 

  

The process of vomiting can be conceptualised as having two parts: the sensation of nausea, 

and the act of emesis (retching or vomiting). 

 

Nausea is an uncomfortable sensation that is difficult to define, often preceding an episode 

of emesis. It is a symptom that may be mediated through the limbic system and the frontal 

lobe.  

 

Emesis is initiated through a series of neuronal interactions primarily arising from the 

hindbrain. The area responsible for this is located between the obex (opening of the central 

canal into the fourth ventricle) and the rostral portion of the nucleus ambiguous (retrofacial 

nucleus) (47). Within this area the nucleus tractus solitarius(NTS) receives afferent fibres 

relaying sensory data from various sources, mainly abdominal viscera, heart, vestibular 

system, brainstem area postrema (chemoreceptor trigger zone [CTZ]) and other higher brain 

centres (48). The NTS contains the subnucleus gelatinosus (associated with gastric 

sensation), subnucleus centralis (associated with swallowing), the medial NTS (associated 

with baroreceptor function), and the ventrolateral NTS (related to respiration) (47).  

 

Efferent fibres from the NTS provide input to several locations. The areas receiving input 

from the NTS, which may be involved in vomiting, include the ventral medulla, the 

hypothalamus, and areas of the hindbrain medulla. These areas in the hindbrain medulla 

include the rostral nucleus, ambiguous/retrofacial nucleus (which controls laryngeal and 
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pharyngeal muscles), the Botzinger/ventral respiratory group (which controls respiratory 

behaviour) and the dorsal motor nucleus of the vagus (which controls motor function of the 

lower oesophageal sphincter and stomach) (47).  

Sites receiving efferent fibres from the NTS, are activated sequentially, resulting in the act of 

emesis. Due to the nature of the distribution of these sites throughout the medulla, a 

"vomiting centre" is not easily anatomically described. These sites are more appropriately 

recognised as forming a "central pattern generator" responsible for the sequence of events 

that occur during emesis (47).  

Efferent fibres from the NTS have also been described to innervate magnocellular 

hypothalamic neurons leading to increased plasma vasopressin levels and arterial pressure 

(47).  

 

The sequence of motor events during emesis consists of both respiratory and 

gastrointestinal muscle contraction. Gastrointestinal changes include changes in gastric 

myoelectric activity, reduction in gastric tone, and a large retrograde contraction (48). This 

retrograde contraction causes the contents of the small bowel to enter the stomach prior to 

expulsion (49). The oesophagus contracts longitudinally which pulls open the cardiac 

sphincter of the stomach. The diaphragm and abdominal wall muscles contract, forcing the 

stomach contents through the upper gastrointestinal tract while the glottis remains closed 

(48).  

 

These signals are mediated primarily through neurotransmitter pathways, including 

dopaminergic, histaminergic, cholinergic and neurokininergic (49-51). Toxins and drugs (e.g. 

opioids, ipecac) can also stimulate the nausea and vomiting centres independently of 

neurotransmitters (52,53).  
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2.2.1 AFFERENT INPUTS TO THE NTS 

 

2.2.1.1 ABDOMINAL VISCERA 

 

Enterochromaffin cells in the gastrointestinal tract release serotonin which binds to visceral 

5HT3 receptors. This stimulates vagal afferents, conducting impulses to the CTZ (47).  

 

2.2.1.2 HEART 

 

Changes in the contractility of the heart feedback impulses to the CTZ and NTS. The 

physiology underlying this mechanism is poorly understood.  

 

2.2.1.3 VESTIBULAR SYSTEM 

 

Changes in inner ear labyrinthine stimulation provide afferent stimulation to the NTS (47). 

The vestibular apparatus is responsible for the sensation of motion sickness. Changes in 

spatial positioning or pathological inner ear conditions can result in stimulation of the NTS.  

 

2.2.1.4 CHEMORECEPTOR TRIGGER ZONE 

 

The CTZ is the area postrema located on the underside of the medulla oblongata. It is an 

area of the brain that lacks a blood brain barrier, and this allows systemic blood to flow past 

it (47). This allows the detection of emetic agents in systemic blood (47). Due to its location, 

it is also exposed to CSF and thus can detect agents therein as well. The CTZ is more 

sensitive to toxic stimuli than motion sickness (47). The CTZ also receives vagal afferents 

from the GIT.  

 

2.2.1.5 HIGHER BRAIN CENTRES 

 

Higher brain centres associated with psychogenic and conditioned vomiting include the 
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cerebral cortex, amygdala, olfactory tubercle, septum fornix, ventral anterior thalamic 

nucleus and supraoptic area of the hypothalamus (47).  

 

2.2.2 PONV 

 

The neuronal stimuli causing PONV are complex and multiple, and as of yet not completely 

well elucidated. Due to the sensitivity of the CTZ to emetogenic agents such as anaesthetic 

drugs and opioids in the blood and CSF, the CTZ appears to be the area most responsible for 

PONV. However, perioperatively, GIT vagal afferents and limbic afferents feeding both 

directly into the CTZ and NTS may also contribute to PONV.  

 

2.3 RECEPTORS AND NEUROTRANSMITTERS INVOLVED IN PONV 

 

The neurotransmitters (and respective receptors) involved in the neuronal pathways for 

PONV are dopaminergic (DA 2), histaminic (H1), muscarinic cholinergic(Ach), 

neurokininergic(NK1) and serotoninergic (5HT3). 

 

Opioids are not neurotransmitters, but can have a significant effect on PONV, as these are 

common drugs used perioperatively. The mechanism is discussed below.  

The CTZ contains dopaminergic, histaminic, muscarinic cholinergic, neurokininergic, 

serotoninergic and opioid receptors. The NTS contains dopaminergic, histaminic, muscarinic 

cholinergic and neurokininergic receptors.  

 

2.3.1 5HT3 RECEPTORS 

 

5HT3 receptors are a subtype of serotonin (5HT) receptors found in the CTZ and in the GIT 

(54). Serotonin is released from enterochromaffin cells in the GIT due to noxious or 

mechanical stimulation. This stimulates vagal afferents which stimulate the NTS. The 

serotonin released also stimulates the CTZ directly (54).  
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2.3.2 CHOLINERGIC RECEPTORS 

 

The muscarinic cholinergic (Ach) subtype of these receptors is found in high concentrations 

in both the NTS and CTZ (50).  

 

2.3.3 DOPAMINERGIC RECEPTORS 

 

The DA2 subtype of dopaminergic receptors is found in both the CTZ and NTS. 

 

2.3.4 HISTAMINIC RECEPTORS 

 

The H1 subtype of histaminic receptors is found in both the CTZ and NTS (54). 

 

2.3.5 NEUROKININERGIC RECEPTORS 

 

Substance P is a member of the tachykinin family. It is released from sensory nerve endings 

in response to noxious stimuli (e.g. surgical, chemotherapy, external beam radiation) (51). It 

acts as an agonist to neurokinin receptors in the GIT and in the brain. The receptor subtype 

NK1 is found in the area between the NTS and the central pattern generator (51). 

Antagonism of this receptor may have beneficial effects in preventing both early, and 

delayed PONV (51).  

 

2.3.6 MECHANISM FOR OPIOID INDUCED EMESIS 

 

Opioids can have both excitatory and inhibitory effects on the GIT. When administered 

exogenously, opioids decrease GIT motility and slow gastric emptying by agonism of central 

mu receptors (53). Agonism of kappa opioid receptors modulates cholinergic transmission 

(52). Centrally acting opioid antagonists can reduce the effects of central mu receptor 

agonism.  
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2.4 GENETICS OF PONV 

 

There is a paucity of literature investigating the risk of PONV and genetic susceptibility. 

However, pharmacogenetics play a role in the efficacy of anti-emetic treatments and 

prophylaxis given to patients at risk for PONV. Differential expression of cytochrome P 450 

(CYP450) enzymes such as 2D6 (CYP2D6) can create ultrametabolisers or slow metabolisers 

(55). Patients who have 3 or more copies of the CYP2D6 gene are more likely to be 

ultrametabolisers, and may develop PONV despite prophylaxis (56).  

 

2.5 PHARMACOLOGY OF ANTIEMETICS 

 

2.5.1 NEUROTRANSMITTER BLOCKERS 

 

2.5.1.1 5HT3 RECEPTOR ANTAGONISTS (5HT RA'S) 

 

Mode of action 

5HT3 RA's are compounds that block the 5HT3 receptors in the CTZ and NTS. This prevents 

serotonin from acting as an agonist at these receptor sites and as a result cause blockade of 

the serotonin mediated cascade of nausea and vomiting. 

Uses 

5HT3 RA's have been found to be useful for both prevention and treatment of PONV (54). 

They are also used successfully for chemotherapy-induced nausea and vomiting. However, 

they have been found to be less useful in late PONV (54). 

Examples 

Ondansetron, granisetron, dolasetron, ramosetron and tropisetron are examples of 5HT3 

RA's. 

Other effects 

5HT3 RA's are relatively safe agents having little cross receptor effects. They have no action 

on dopaminergic, cholinergic or histaminic receptors. Granisetron is the most receptor 

specific of the agents in this class. 
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Common adverse events include asymptomatic prolongation of the QT interval, and 

headache (54). 

Less common adverse events include constipation, somnolence, diarrhoea, ataxia, 

light-headedness, and muscle pain (54).  

Metabolism and pharmacogenetics 

All 5HT3 RA's are metabolised in the liver by CYP450. Ondansetron and dolasetron are 

metabolised by the CYP2D6 isoform. This may be associated with adverse drug interactions, 

poor metabolism in patients with CYP2D6 deficiency (leading to accumulation of free drug) 

and ultra metabolism in patients with increased CYP2D6 isoform levels (leading to faster 

metabolism and shorter durations of action) (55).  

 

2.5.1.2 DOPAMINERGIC RECEPTOR ANTAGONISTS(DA2 RA'S) 

 

Mode of action 

DA2 RA's act on DA2 receptors in the CTZ and NTS to prevent and treat PONV (54).  

Uses 

DA2 RA's have been used historically for the treatment of nausea and vomiting. They were 

also one of the earliest drug classes used for the prevention and treatment of PONV. They 

are also used as sedative agents and as anti-psychotic agents. 

Examples 

There are three classes of DA2 RA's. These are the phenothiazines, benzamides and the 

butyrophenones.  

The phenothiazines (e.g. chlorpromazine, fluphenazine, prochlorperazine) have been used 

historically to treat PONV, but the adverse effects associated with their use (e.g. sedation, 

lethargy) have limited their usefulness.  

The benzamides (e.g. metoclopramide, domperidone) are used for the treatment of PONV 

and, more frequently, used to treat nausea and vomiting in other contexts (e.g. 

chemotherapy induced).  

The butyrophenones include droperidol and haloperidol.  

Other effects 

DA2 RA's have different degrees of selectivity for DA2 receptors, and can also act on 
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cholinergic and serotonergic receptors (54).  

Anticholinergic side effects include confusion, dry mouth, constipation, blurred vision and 

urinary retention (54).  

Other DA receptors in extrapyramidal pathways can also be antagonised leading to 

extrapyramidal side effects such as tardive dyskinesia, myoclonus, akithesia and neuroleptic 

malignant syndrome (54).  

Phenothiazine agents have less extrapyramidal side effects, but have fallen out of favour 

due to their sedative properties. Benzamide agents are less sedating, but have the potential 

to cause extrapyramidal side effects. The efficacy of benzamide agents for prevention of 

PONV is at doses that are more likely to cause adverse effects. Butyrophenones are most 

selective for the DA2 receptor subtype, and therefore have fewer side effects, but still are 

sedating, and can have extrapyramidal effects.  

Less common side effects include hypotension and supraventricular arrythmias (54).  

Droperidol and the FDA "Black box" warning 

Droperidol is an effective antiemetic agent that was removed from practice in December 

2001, particularly in North America and Europe due to a US Federal Drug Administration 

"black box" warning. This warning was issued due to an association of droperidol with 

potentially fatal cardiac dysrythmias of the torsades de pontes variety (57). The FDA based 

its decision on a review of cases where droperidol was used. In only ten of those cases, was 

the dose of droperidol less than 1.25 mg (57). There are many confounding factors in the 

aforementioned cases, and hence it is difficult to draw a conclusive cause and effect 

relationship. Based on the analyses used, the incidence of fatal cardiac dysrhythmias 

secondary to droperidol use is estimated to be 74 in 11 million (3).  Recent literature has 

found no difference between QTc prolongation in droperidol versus placebo (58) or 

droperidol versus ondansetron (59), at antiemetic prophylactic doses of droperidol (i.e. less 

than 1.25mg). This adds to the controversy of the FDA ruling (60).  

 

2.5.1.3 CHOLINERGIC (MUSCARINIC) RECEPTOR ANTAGONISTS (ACH RA'S) 

 

Mode of Action 

Ach RA's block emetic acetylcholine receptors in the pons and cerebral cortex (54).  
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Uses 

Ach RA's are amongst the oldest antiemetics. The relatively high incidence of adverse effects 

have limited their use in prophylaxis and treatment of PONV. Scopolamine is highly effective 

in motion sickness induced emesis (109).  

Examples 

Scopolamine is the agent in this class that remains in relatively common use. It is thought to 

block the cholinergic transmission between vestibular nuclei and higher centres in the brain, 

and between the reticular formation and the central pattern generator (54).  

Other Effects 

Anticholinergic agents cause confusion, dry mouth, sedation, urinary retention, miosis and 

constipation. These effects are relatively common and limit the use of these agents (54).  

 

2.5.1.4 HISTAMINE (H1) RECEPTOR ANTAGONISTS (H1 RA'S) 

 

Mode of action 

H1 receptor agonism causes peripheral effects such as dilation and increased capillary 

permeability and induction of emesis via the NTS.  

H1 RAs block the H1 receptor subtype in the NTS (54). They also block cholinergic receptors 

in the vestibular apparatus. They are thought to act on the central pattern generator and 

vestibular system (54). 

Uses 

H1 RA's are highly effective in treatment of motion sickness, and prevention and treatment 

of emesis after middle ear surgery (108).  

Examples 

H1 RA's used to treat and prevent emesis include cyclizine, dimenhydrinate, 

diphenhydramine, hydroxyzine, promethazine and meclozine.  

Other effects 

Common adverse effects of H1 RA's include sedation, dry mouth and constipation (54). Less 

common effects include confusion, blurred vision and urinary retention (54). The 

combination of promethazine and intravenous opioid can cause significant respiratory 

depression and sedation.  
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2.5.1.5 NEUROKININ RECEPTOR ANTAGONISTS (NK1 RA'S) 

 

Mode of Action 

NK1 receptors are found in high concentrations in the area postrema (51). These receptors 

are thought to play an important role in emesis. Substance P acts as an agonist to these 

receptors. NK1 RA's block the action of substance P. NK1 RA's are thought act on neurons in 

the area postrema as well as the afferent relay station (51). The afferent relay station is an 

area that carries neurons from the medial NTS to the central pattern generator (i.e. 

vomiting centre). This area has not been definitively isolated in humans.  

Uses 

This is a new class of drugs which is currently being researched with increasing interest. The 

NK1 RA's are thought to be effective for both delayed and early PONV (51). The first 

member of this class (aprepitant) has been investigated for use in chemotherapy induced 

nausea and vomiting.  

Examples 

Aprepitant is a new agent with NK1 RA activity that has undergone studies in human 

subjects. 

Other effects 

Asthenia, hiccups, diarrhoea, elevation in liver function tests, dizziness and gastritis are 

among the most common side effects observed in patients treated with aprepitant (51).  

 

2.5.2 NON-NEUROTRANSMITTER BLOCKING AGENTS USED FOR PONV 

 

2.5.2.1 CORTICOSTEROIDS (DEXAMETHASONE) 

 

Mode of Action 

The mechanism of action of dexamethasone in preventing emesis is not well understood. 

Dexamethasone has been studied extensively with regard to its use in preventing 

chemotherapy induced nausea and vomiting (61). Several theories exist about its 

mechanism of action in this context. A common theory is that corticosteroids exert their 

anti-emetic action via prostaglandin antagonism (62). A second theory suggests that 
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dexamethasone causes a release of endorphins leading to an antiemetic state (63). Other 

theories include reducing the amount of serotonin production by depleting its precursor 

tryptophan (64), the anti-inflammatory actions of corticosteroids inhibit the release of 

serotonin from the gut (65), and that dexamethasone may sensitise other receptors to 

antagonism by other antiemetic agents (66).  

In the context of PONV, the mechanism of action is less well understood.  

Uses 

Dexamethasone in combination with a 5HT3 antagonist has been extensively studied for 

chemotherapy induced nausea and vomiting, and this appears to be a highly effective 

regime. This combination has also been studied in the context of PONV, and has also proven 

to be highly efficacious (66).  

Examples 

Dexamethasone is the most widely used corticosteroid for purposes of prophylaxis for 

nausea and vomiting. Betamethasone use has also been described (65).  

Other effects 

Common adverse effects include insomnia, anxiety and gastrointestinal distress (66). Less 

common effects include hyperglycaemia, immunosuppression, avascular necrosis of the 

femoral head, euphoria and facial flushing (66).  

 

2.5.2.2 OPIOID RECEPTOR ANTAGONISTS 

 

This is a rarely used class of drugs for PONV prophylaxis and treatment. They act by causing 

blockade of peripheral and central opioid receptors, thus reducing the emetic effects of 

opioids (67-69). However, use of these agents also reduces the beneficial effects of opioid 

use (i.e. analgesia). Examples of drugs in this class include naloxone, naltrexone, nalmefene 

and alvimopan. Almivopan does not cross the blood brain barrier, and has been proven to 

be effective in preventing nausea and vomiting after abdominal surgery (70).   

 

2.5.2.3 PROPOFOL 

 

Propofol, used widely as an intravenous induction agent, is an alkyl phenol that was first 
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described as having antiemetic properties in 1985 (71,72). The mechanism by which 

propofol has antiemetic properties is unclear. Antiemetic properties after administration by 

single dose and continuous infusion have been investigated. Single dose studies focusing 

predominantly on 5-10mg boluses in the recovery room, have failed to show efficacy in 

preventing PONV, while infusions given at 1mg/kg/hour either intraoperatively or 

postoperatively have been shown to be effective albeit with more sedation (73).  Patients 

at high risk for nausea and vomiting are seen to have more pronounced reduction of PONV 

(73). There has been discussion in the literature as to whether the reduced PONV scores 

seen with propofol are due to a relatively lower baseline incidence of PONV when propofol 

is used as an anaesthetic agent or a direct antiemetic effect of propofol itself (73). It is clear 

that propofol does indeed have an intrinsic antiemetic effect which is dose dependent (73). 

Adverse effects include hypotension and anaphylaxis.  

 

2.5.2.4 CANNABIS DERIVATIVES 

 

The seeds, flowers and leaves of the Cannabis sativa plant, have been used for years as a 

recreational drug. Derivatives of this plant are being increasingly used as treatments for 

specific conditions. Examples of derivatives licensed for medical use are dronabinol, 

nabilone and delta-9-tetrahydrocannibinol-cannibidiol. In certain countries, special 

application for the use of herbal marijuana can allow use of this drug for analgesia in 

terminal illnesses. Dronabinol and nabilone are indicated for chemotherapy induced nausea 

and vomiting. Dronabinol is also licensed for use for HIV associated anorexia.  

Delta-9-tetrahydrocannibinol-cannibidiol is used for neuropathic pain associated with 

multiple sclerosis and cancer. Dronabinol and nabilone have been proven to be efficacious 

in the treatment of emesis secondary to chemotherapy. There is potential for use of these 

drugs in the prophylaxis and treatment of PONV. However, there is limited data available 

regarding use in this context. (74)  

 

2.5.3 ACUPUNCTURE 

 

It has been demonstrated that stimulation of the P6 acupuncture site on the wrist, reduces 
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the incidence of PONV (75). This is achieved using various techniques such as acupuncture, 

transcutaneous electrical stimulation, laser acupuncture, capsicum plasters and 

acupressure. The P6 acupuncture point is situated between the tendons of flexor carpi 

radialis and palmaris longus on the anterior aspect of the forearm approximately 4cm from 

the proximal wrist crease. The mechanism of action of acupuncture related reduction in 

PONV is not well understood. A recent Cochrane review concluded that P6 acupoint 

stimulation was comparable to anti-emetic agents in the prevention of PONV (76).  

 

2.5.4 OTHER AGENTS/INTERVENTIONS USED 

 

Ephedrine (46), analgesia (78), high fraction inspired oxygen (79), benzodiazepines (80),  

and adequately maintained fluid status(81) have all been suggested as preventative 

therapies for PONV, although the evidence regarding these measures is largely conflicting 

and no consensus regarding the use of such therapy for the prevention of PONV has been 

reached.   

 

2.6 EVIDENCE FOR PROPHYLAXIS AND TREATMENT REGIMES 

 

Efficacy of prophylactic and treatment agents for PONV has been described using the 

number needed to treat (NNT). This describes the number of patients that would need to be 

given antiemetic prophylaxis in order to prevent one event of PONV (nausea or vomiting).  

Early PONV is an event that occurs between 0 to 2 hours postoperatively. Late PONV is an 

event that occurs between 2 to 24 hours postoperatively. The number needed to harm 

(NNH), refers to the amount of people that would need to be treated with an intervention in 

order for one adverse event (incurred by the intervention) to occur.(21) 

 

2.6.1 PROPHYLAXIS OF PONV 

 

Prior to surgery, the patient has to be assessed and assigned a risk category (mild, moderate 

or high). This process is detailed below (2.8). Once the category of risk has been determined, 
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the appropriate regime of prophylaxis will be applied. In addition to administering 

prophylactic agents though, the baseline risk of the patient will need to be reduced. There is 

currently not enough evidence to support the use of universal prophylactic antiemetic 

agents, therefore risk stratification and appropriate prophylactic regimes remain important 

(77).  

 

2.6.1.1 REDUCTION OF BASELINE RISK FOR PONV 

 

This is achieved by ensuring adequate hydration, using propofol for the induction and 

maintenance of anaesthesia (or avoiding inhalational agents), avoiding nitrous oxide, 

minimizing the dose of neostigmine, and minimizing the amount of perioperative opioids 

given to the patient (77).  

Reduction of baseline risk can be greatly aided by avoiding general anaesthesia altogether, 

and using a regional technique instead. Sinclair et al. found that the risk for PONV is nine 

times less in patients undergoing regional anaesthesia than those undergoing general 

anaesthesia (5). The use of propofol decreases the incidence of early PONV (0-6 hours, 

[NNT=5]) (82).  

The IMPACT study evaluated the use of volatile agents or nitrous oxide, and found that the 

incidence of PONV was 59% in patients who received volatile agents or nitrous oxide (83). 

Use of propofol in this study reduced the risk by 19% and avoidance of nitrous oxide 

reduced the risk by 12% (83). A combination regime of TIVA using propofol with an 

air/oxygen mixture had additive effects, reducing the risk by 25% (83). A randomised 

placebo controlled trial showed that volatile anaesthetic use is the primary cause of early 

PONV (0-2 hours). However, they do not have an impact on late PONV risk (2-24hours) (84). 

In addition, nitrous oxide does not significantly increase risk of PONV in patients who fall 

into the low risk category (10).  

The use of morphine sparing agents such as cyclooxygenase-2 inhibitors (85-87) and 

ketamine (88) have been shown to reduce the amount of perioperative opioids used. 

Reduced use of morphine can theoretically reduce the incidence of opioid related PONV. 

However, there are no randomised controlled trials to demonstrate this.  

Reducing the dose or avoidance of neostigmine altogether has also been studied as a means 
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to reduce baseline risk for PONV. Reducing the dose of neostigmine to below 2.5 mg, can 

decrease PONV risk (8,89), although the clinical importance of this has been questioned 

(90).  

It was thought previously that high inspired oxygen could decrease the risk of PONV, but 

systematic reviews of randomised controlled trials have shown that supplemental oxygen 

has no effect on nausea or vomiting (79,91,92).  

 

2.6.1.2 PATIENTS AT MODERATE TO SEVERE RISK OF PONV 

 

These patients should receive PONV prophylaxis using one to two agents. The IMPACT trial 

showed that ondansetron 4mg, dexamethasone 4 mg and droperidol 1.25 mg were 

independently, equally effective in reducing PONV risk by 25% (83).  

 

2.6.1.2.1 5HT3 RECEPTOR ANTAGONISTS (5HT3 RA'S) 

 

The 5HT3 RA's are effective in the prophylaxis of PONV when given at the end of 

anaesthesia in the case of ondansetron due to its short half life (93), or at any time during 

anaesthesia when using granisetron or dolasetron (94-97). Ondansetron remains the most 

widely studied agent in this group, and is known to have more antivomiting than antinausea 

effects (98). The recommended dose of ondansetron is 4 mg. Ondansetron has a NNT for 

the prevention of nausea of 7 and a NNT for the prevention of vomiting of 4 (98). The 

recommended dose of dolasetron is 12.5mg (99). Granisetron at 5-20micrograms/kg body 

weight has been shown to be effective in PONV prophylaxis(96). As alluded to in a letter by 

Kranke et al, the data on granisetron may not be as reliable as previously thought (100). 

Recently, a rigorous review was performed of Y Fujii's published work (101). Y Fujii is the 

predominant author of work published on granisetron. It was found that the author may be 

guilty of submitting false data, and therefore a large section of published data on 

granisetron has been subsequently retracted. All the 5HT3 antagonist agents have similar 

efficacy for reduction of PONV risk (102).  

 



44 
 

2.6.1.2.2 DEXAMETHASONE 

 

Dexamethasone should be given at the time of induction of anaesthesia (103). The 

recommended dose is 4mg. It has been shown to be equally effective to ondansetron (69). 

No adverse effects have been reported with a single bolus dose (69).  

 

2.6.1.2.3 BUTYROPHENONES 

 

Droperidol is effective when administered at the end of surgery due to its short half life 

(106). It has been shown to be equally as effective as ondansetron with a NNT of 5 for the 

prevention of PONV (104). It has also been shown to be highly effective for the prevention 

of opioid induced nausea and vomiting with a NNT of 3 (104). The recommended dose for 

PONV prophylaxis is 0.625 to 1.2 mg (106). Droperidol has fallen out of favour due to the 

controversial FDA "black box" warning (57). Other side effects of droperidol that have 

limited its use include sedation, drowsiness, extrapyramidal symptoms, restlessness, anxiety 

and depersonalisation (the so called “locked in syndrome”) (106). 

Haloperidol has recently been investigated for prophylaxis of PONV due to decline of 

droperidol use (107). A meta-analysis of studies investigating haloperidol found that at 

doses of 0.5-2mg IV or IM, the NNT for PONV prevention was between 4 and 6 (107). The 

timing of the dose has not been investigated. Haloperidol carries a risk of QTc prolongation 

and extrapyramidal side effects and is not recommended as first line therapy.  

 

2.6.1.2.4 DIMENHYDRINATE 

 

Dimenhydrinate has shown to be as effective as ondansetron, dexamethasone and 

droperidol (108). The recommended dose is 1mg/kg IV (108). There is a lack of literature 

investigating the optimal timing of the dose, and also the dose related side effect profile.  
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2.6.1.2.5 TRANSDERMAL SCOPOLAMINE 

 

A review of scopolamine use found it to be effective as an adjunct to other therapies for the 

prevention of PONV (109). The NNT for the transdermal patch is 6. The application of the 

patch needs to be performed 4 hours prior to the end of anaesthesia (110). For this reason it 

is often applied the night before surgery. This is due its 2-4 hour onset of effect. It has also 

been shown to be effective in the setting of opioid induced nausea using a patient 

controlled analgesia pump (111,112).  

2.6.1.2.6 COMBINATION THERAPY 

 

Using two drugs from different classes improves PONV risk reduction (113). Investigated 

combinations include 5HT3 antagonists and dexamethasone (113), 5HT3 antagonists and 

droperidol (114), and 5HT3 antagonists and promethazine.  

Two agents can be chosen to counterbalance the adverse effects of each other, and 

enhance the effectiveness. For example, ondansetron causes headache and is primarily 

antivomiting, and droperidol has a protective effect against headache, and is mostly 

antinausea.  

 

2.6.1.3 PATIENTS AT HIGH RISK FOR PONV 

 

Patients who fall into the high risk category for PONV should receive multimodal therapy. 

This includes reducing baseline PONV risk (115), administration of a combination of 

prophylactic antiemetics and non-pharmacological measures. Scuderi et al. studied the 

effects of a multimodal approach to PONV prophylaxis (116). They followed a strategy of 

aggressive hydration, anxiolysis, oxygen, prophylactic antiemetics (dexamethasone and 

droperidol at the beginning of surgery, and ondansetron at the end of surgery), total 

intravenous anaesthesia with propofol and remifentanil, and ketolorac. No nitrous oxide or 

neostigmine was used. This approach had a 98% response rate, compared to a 76% 

response rate in patients receiving antiemetic monotherapy, and a 59% response rate in 

patients receiving a routine anaesthetic plus saline placebo.  
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2.6.2 TREATMENT OF ESTABLISHED PONV 

 

PONV occurs in patients who did not receive prophylactic antiemetics or in whom 

prophylaxis failed. These patients should be given antiemetic therapy.  

If the patient was given antiemetic prophylaxis, the patient should be treated with a drug 

from another class. If the patient was not given antiemetic prophylaxis, the first line agent 

of choice for treatment of established PONV is a low dose 5HT3 antagonist (102,117). The 

5HT3 antagonists are the class of agents that have been most extensively investigated for 

this indication (102,118). The recommended doses are ondansetron 1mg, dolasetron 

12.5mg, granisetron 0.1mg and tropisetron 0.5mg (NNT = 4-5). Alternative treatments are 

dexamethasone 2-4mg, droperidol 0.625 mg, promethazine 6.25-12.5mg or propofol 20mg 

IV bolus (102). Around one third of patients receiving postoperative opioids for pain relief 

will have nausea and vomiting (119). Droperidol and ondansentron have been used 

effectively in this patient population (119).  

Repeating the same drug as was given for antiemetic prophylaxis during the first 6 hours 

from the initial dose, is not effective (120). Rescue medication should be initiated when the 

patient first complains of PONV. Other causes for nausea and vomiting (2.1), should also be 

sought while rescue treatment is being given.  

 

2.7 ASSESSMENT OF PONV 

 

Vomiting and retching are symptoms that are relatively simple to evaluate, as they are 

exhibited as definite coordinated, easily observed activity. Objective assessment of each 

episode is possible.   

Nausea is a highly subjective feeling that may or may not terminate in an episode of 

vomiting. Despite not having a physical manifestation, it is extremely unpleasant. The 

degree of the feeling of unpleasantness due to nausea is difficult to assess. It is more 

accurately assessed by the patient rather than by the observer. One of the most widely used 

and validated methods of measuring the degree of nausea is the visual analogue scale (VAS). 

Another method is the verbal descriptive scale, otherwise known as the verbal rating scale.  
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2.7.1 VISUAL ANALOGUE SCALE 

 

Visual analogue scales have been used extensively in the measurement of subjective 

sensations (121,122).  

The visual analogue scale consists of a card or paper on which a 10cm line is printed, with 

gradations at each centimetre from zero to ten. Words describing the absence of the 

symptom in question (e.g. pain or nausea) in front of the zero mark, and words describing 

the presence of the worst possible intensity of the symptom after the ten mark, are often 

used to annotate the scale. The patient is required to place a mark on the scale with a pencil 

or pen, on a single point on the line which most corresponds with the intensity of symptom 

that the patient feels. The mark is then measured and given a centimetre value (e.g. 3.2 cm). 

This allows the feeling of severity of a continuous symptom such as nausea to be converted 

into a numerical value between zero and ten. Each recording of such a value can easily be 

used in statistical analyses (123). If the patient is adequately counselled in their home 

language, it can reliably be used in patients from different ethnic backgrounds, assuming the 

patient population chosen has a similar basic education level. The visual analogue scale to 

be used in this study is shown in Appendix B (p 106).  

 

There are several disadvantages to using a visual analogue scale for the assessment of any 

subjective sensation, including nausea. Firstly, it requires the full understanding and 

cooperation of the patient. It is ineffective in patients who do not understand how to use it, 

and in those who are unwilling or unable to use this means of assessment. It also requires 

spatial perception and coordination in order to translate the subjective sensation into 

another dimension. Secondly, it does not remove subjectivity from the assessment. Patients 

make their own judgement as to the severity of their symptom. For the same intensity of 

symptom, there may be a large difference in scores between patients. Lastly, in common 

with the verbal descriptive scale, it requires an abstractive thinking process by the patient, 

and not all patients are able to reliably process and describe their symptom in a continuous 

fashion.  

Results from pain studies show that: (a) difficulty in understanding the VAS is most common 

in older patients; (b) response problems can occur with all scales if patients are 

unsupervised when completing them; and (c) no scale is associated with more response 
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problems than any other scale (124-128).  

Despite these disadvantages, the visual analogue scale has been shown to be highly reliable 

and sensitive in pain studies (129). It has also been shown to be reliable in PONV studies, 

and has gained widespread acceptance as the standard for assessment of nausea in PONV 

(21).  

 

2.7.2 VISUAL DESCRIPTIVE SCALE 

 

This is also known as the verbal rating scale. It consists of 4-5 word categories describing the 

severity of the symptom (e.g. "none/mild/moderate/severe/unbearable nausea") (22). Each 

adjective category is then given a score from zero to four or five. The scores are then used 

for statistical analysis. This scale was widely used in the assessment of nausea, prior to the 

validation of a VAS for this purpose. It forces the patient to translate their feeling into 

words, which may vary between patients. Another obvious disadvantage of this approach is 

that the patient is required to understand the separate categories. These categories may be 

shown as words that are not in the patient’s home language. This is therefore not a reliable 

scale when assessing a population comprising of patients from different ethnic backgrounds. 

It also does not represent a continuum of sensation as opposed to the VAS. 

 

2.8 RISK FACTORS FOR PONV 

 

2.8.1 DETERMINATION OF RISK FACTORS 

 

Potential risk factors have been mentioned in the literature since the beginning of 

anaesthesia in the 1800's (130). Prior to the 1990's each potential risk factor was 

determined in isolation, and influence of other potential risk factors was excluded from 

analysis. Establishing causality between risk factor and the outcome of PONV is difficult due 

the presence of other known or unknown risk factors. Some anaesthetic risk factors can be 

controlled (e.g. volatile agent use, opioids), whereas the majority of patient and surgical risk 

factors are not modifiable.  
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During the 1990's developments in statistical methods allowed the introduction of 

multivariate logistic regression analysis into PONV research (131). This allowed for an 

exponential growth in the understanding and defining of risk factors for PONV.  

 

2.8.2 LOGISTIC REGRESSION ANALYSIS 

 

Logistic regression analysis describes the effect of multiple variables on a single 

dichotomous dependant variable (i.e. presence or absence of PONV). It allows for the 

generation of an odds ratio (OR) for each factor being examined (132, 133). An odds ratio is 

the ratio of the likelihood of an outcome in a group that includes the risk factor being 

examined to the likelihood of an outcome in a group that excludes the risk factor being 

examined. This analysis also calculates a 95% confidence interval for the OR, which gives the 

range of values that is 95% likely to include the true OR in the study population. When the 

lower limit for the 95% confidence interval for the OR is less than one, then the factor 

examined is considered to increase the risk of PONV (132,133).  

 

2.8.3 ESTABLISHED RISK FACTORS 

 

The risk factors established thus far can be divided into surgical, anaesthetic and patient risk 

factors. 

 

2.8.3.1 SURGICAL RISK FACTORS 

 

There have been numerous studies attempting to correlate type of surgery with PONV risk. 

However, prospective studies using multivariate analysis have only been able to show that 

the duration of surgery is independently associated with increased PONV risk 

(5,6,1,134,135). An outpatient study showed that every 30 mins of surgical time increased 

baseline risk by 60% (5). Certain surgery types that may be thought to increased PONV risk 

include: intraabdominal (2,5,6,83,84,135-145); laparoscopic (2,5,6,83,84,135-142,145); 

orthopaedic (2,5,6,83,84,135-142,145); major gynaecological (2,5,6,83,84,135-142,145); ear 
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nose and throat (2,5,6,83,84,135-142,145); thyroid (139); neurosurgery 

(2,5,6,83,84,135-142,145); breast (2,5,6,83,84,135-142,145); strabismus surgery (135) and 

plastic surgery (2,5,6,83,84,135-142,145). 

 

2.8.3.2 ANAESTHETIC RISK FACTORS 

 

Well established anaesthetic risk factors include: use of volatile anaesthetics 

(83,84,134,146); use of nitrous oxide (10,83); use of high dose (>2.5 mg) neostigmine for 

neuromuscular blockade reversal (8); use of general inhaled anaesthesia (vs. total 

intravenous anaesthesia) and use of intraoperative(7,134) or postoperative 

(1,2,6,131,136,139,147-150) opioids. High fractional inspired concentration of oxygen 

(>70%), was previously thought to reduce PONV risk (151,152), but this has since been 

disproved (83,91,92). There appears to be no difference between isoflurane, sevoflurane 

and enflurane in PONV risk (83,84). 

 

2.8.3.3 PATIENT RISK FACTORS 

 

Much of the data regarding PONV risk factors examines patient related risk factors. Well 

established risk factors include the following: female gender; non-smoking status; history of 

PONV and history of motion sickness. Possible risk factors include: better ASA status; 

migraine; ethnicity and anxiety.  

Female gender has an independent effect on the risk for PONV 

(1,2,5,6,84,131,134,136,138-141,147,148,156). No study has contradicted this finding. The 

effect is seen only in post-pubescent females (135,157), which may point to a hormonal 

aetiology. The odds ratio for female gender as a risk factor ranges from 2 to 4 depending on 

the study, and infers a twofold to fourfold increase in risk 

(1,2,131,134,136,139,147,148,156). It was previously thought that timing during the 

menstrual cycle has an effect on risk, but this has since been disproved (158). Patients who 

don't smoke are at increased risk for PONV (1,2,5,6,134,136,139,156). The aetiology of this 

is unclear. The odds ratio for non-smoking status is from 1.5 to 2.5.  Histories of previous 

PONV or motion sickness both have a combined odds ratio of 1.8 to 3.1 
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(1,5,6,84,131,139,140,147,148,156). It is also thought that a history of PONV in the patient's 

parent or sibling (135), increases the risk for PONV. Age has been shown in some literature 

to have an effect. A greater than 10% reduction in risk has been shown in adults for every 

decade of age (5,147). In children, a sharp increase in PONV risk is seen at age 3, and then a 

decrease of 0.2% to 0.8% is seen for each year until the age of 14 (135).  

Possible risk factors include: a better ASA status; patients who suffer from migraines 

(increased risk for PON only) and anxiety (2,6,136,138). Obesity was previously thought to 

be a risk factor, but this has since been disproved (159).  

 

2.8.3.3.1 ETHNICITY AS A RISK FACTOR 

 

There is a paucity in the literature investigating ethnicity as a risk factor for PONV. It was 

reported in a meta-analysis of patients undergoing gynaecological surgery that Chinese or 

Asian-American patients were more susceptible to PONV (16). A study in a laboratory 

induced motion sickness setting, showed that a group of Chinese subjects had higher than 

average incidence of motion sickness (17). Another study in the laboratory, compared 

inducible motion sickness in Caucasian vs. Chinese patients, and found that motion sickness 

susceptibility was higher in the Chinese group (18). Although not confined to the 

postoperative group, a retrospective study of 8855 black and white patients receiving 

opioids, showed that white patients had more nausea and vomiting than black patients (19).   

 

2.8.4 CLINICAL APPLICATIONS OF RISK FACTORS 

 

2.8.4.1 SCORING SYSTEMS 

 

There have been 8 major scoring systems developed by a number of groups in an attempt to 

quantify the risk of postoperative nausea, vomiting or both. Only 2 out of the eight systems 

include anaesthetic and surgical risk factors.  

The ability of scoring systems to distinguish between patients who will develop PONV and 

those that won't (i.e. the accuracy of the scoring system), is most commonly assessed by the 
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area under the given risk scoring system's receiver operating characteristic (ROC) curve. The 

ROC curve plots the system's true positive rate (sensitivity) against its false positive rate 

(1-specificity). The area under the curve is expressed as a value between 0 and 1. An area 

under the curve of 0.5, means that a scoring system is correct 50% of the time (i.e. it is no 

better than guessing). An area under the curve of 1 denotes that the scoring system is 

correct 100% of the time. Due to the fact that most risk factors have low predictive value 

anyway (OR 1.5 to 3.0) (160), and due to the limitations of risk factor research outlined 

above, it is not surprising that the scoring systems developed have poor to moderate 

accuracy. Areas under the ROC curve range from 0.56 to 0.785 which denotes only a 12 to 

57% improvement over guesswork. Despite their poor accuracy, use of scoring systems to 

tailor individual PONV therapy, has shown to significantly decrease the incidence of PONV in 

high risk patient populations (161,162). This has also simultaneously caused a reduction in 

PONV prophylactic use; resulting in reduced expense and side-effects in lower risk 

individuals. Three simplified scoring systems are shown in Table 2.1 below. These are the 

most common scoring systems in use. Apfel et. als' scoring system (1) is simple to use, and 

has varying area under the ROC curve accuracy (between 0.58 to 0.71) 

(130,139,145,147,163). The Eberhart et al scoring system is the only one developed for use 

in children and has a ROC curve accuracy of 0.72 (135). Koivuranta et al have developed a 

scoring system that is able to show separate risk for postoperative nausea and 

postoperative vomiting (6). ROC curve accuracy for this scoring system is 0.66 for PONV, 

0.66 for nausea and 0.65 for vomiting (163). Its ROC curve accuracy for children is 0.61 

(145).  
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Table 2.1: Simplified scoring systems for PONV (1,6,135) 

Scoring system Formula Comments 

Apfel et. al gendera + history of PONV or motion 

sicknessb + smoking statusc + 

anticipated use of opioidsd 

Range of possible scores: 0-4 

Risk of PONV by score: 

0- 10% 
1- 21% 
2- 39% 
3- 61% 
4- 79% 

Eberhart et al. duration of surgerye + age 3 

yrf+strabismus surgeryg + history of 

PV in child or of PV/PONV in a parent 

or siblingh  

Range of possible scores: 0–4. 

Only scoring system developed 

for children. 

Developed for vomiting only. Risk 

of PV by score (137): 

0- 9% 
1- 10% 
2- 30% 
3- 55% 
4- 70% 

Koivuranta et al. genderi + history of PONVj + duration 

of surgery > 60 mink + smokingl + 

history of motion sicknessm 

Range of possible scores: 0–5 

Risk of postoperative  nausea, 

vomiting, respectively, by score 

(134): 

0- 17%, 7% 
1- 18%, 7% 
2- 42%, 17% 
3- 54%, 25% 
4- 47%, 38% 
5- 87%, 61% 

Key to formulas in above table: 

Apfel et. al: a: male =0, female = 1; b: no=0, yes=1; c:smoker =0, non-smoker=1; 

d:no=0,yes=1. 

Eberhart et al.: e: no= 0, yes=1; f: no = 0, yes=1; g: no = 0, yes= 1; h: no =0, yes= 1. 

Koivuranta et al.: i: male=0, female = 1; j: no= 0, yes =1; k: no = 0, yes = 1; l: no = 1, yes= 0; 

m: no = 0,yes = 1. 
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One semi simplified scoring system elaborated by Van den Bosch et al. requires a nomogram 

and is shown in Table 2.2 (138). It is not simple to use and has a ROC accuracy of 0.72 (138).   

 

Table 2.2: Semi-simplified scoring system for PONV risk (138) 

Scoring system Formula Comments 

Van den Bosch et al.  sexa + history of PONV or 

motion sicknessb + 

smoking statusc + surgery 

typed + anaesthetic 

techniquee + agef  

Range of possible scores: 0–61. 

Risk of PONV by point score: 

2- 10%, 12- 20%, 19- 30%, 25- 

40%, 31- 50%, 31- 50%, 36- 

60%, 42- 70%,49- 80%, 59- 90% 

Key to the formula in above table: 

a: male=0, female=6; b: no=0, yes=10; c: no=8, yes= 0; d: lower abdominal or middle ear=8, 

other=0; e: propofol=0, isoflurane= 9; f: 15–19 yr= 20, 20–24 yrs =19,25–29 yr =17, 30–34 yr 

=16, 35–39 yr=14, 40–44 yr=13, 45–49 yr=11, 50–54 yr =10, 5–59 yr = 9, 60–64 yr=7, 65–69 

yr=6, 70–74 yr =4, 75–79 yr =3, 80–84 yr =1, >85 yr =0 

 

Four weighted scoring systems have also been developed but are not used often due to 

their complexity. These systems have been developed by Palazzo and Evans (131), Sinclair et 

al. (5), Apfel et al. (156), and Koivuranta et al. (6).  The simplified risk scoring systems have 

shown to have greater accuracy than these more complex weighted scoring systems 

(139,147,164). Their description in Table 2.3 below is included for completeness.  
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Table 2.3: Weighted scoring systems for PONV risk (5,6,131,156) 

Scoring system Formula Comments 

   

Apfel et al  - 0.92 +1.28 x gendera -0.029 x (age in yr) - 0.74 
x smoking statusb + 0.63 x history of PONV or 
motion sicknessc + 0.26 x (duration of 
anaesthesia in hours) 

Only developed for 
vomiting 

Koivuranta et al. - 2.21+ 0.93 x genderd+0.82 x history of 
PONVe+0.75 x duration of surgery > 60 minf + 
0.61 x smoking statusg +0.59 x history of motion 
sicknessh 

 

Palazzo and Evans - 5.03 + 2.34 x postoperative opioidsi + 3.97 x 
history of PONVj +2.4 x genderk+ 078 x history of 
motion sicknessl - 3.2 X female with previous 
PONVm 

 

Sinclair et. al - 5.97- 0.14 x (age in yr/10) - 1.03 x gendern - 
0.42 x smoking statuso +1.14 x history of PONVp 

+ 0.46 x (duration of surgery in 30-min 
increments)+ 2.36 x general anaesthesiaq + 1.48 
x ENT surgeryr +1.77 x ophthalmological surgerys 

+1.90 x plastic surgeryt +1.2 x gynaecological 
surgery except dilatation and curettageu + 1.04 x 
orthopaedic surgery on kneev + 1.78 x 
orthopaedic surgery on shoulderw + 0.94 x 
orthopaedic surgery elsewherex 

Only scoring system 
developed for 
outpatients 

Key to formulas in above table: 

Apfel et al.: a: male=0, female=1; b: no= 0, yes=1; c: no= 0, yes=1. 

Koivuranta et al.: d: male=0, female=1; e: no=0, yes=1; f:no=0, yes =1; g: no=1, yes=0; 
h:no=0, yes=1. 

Palazzo and Evans: i:no=0, yes=1; j:no=0, yes=1; k: male=0, female=1; l: no=0, yes=1; 
m:no=0, yes=1. 

Sinclair et al.: n: female= 0, male=1;o: no=0, yes=1; p: no=0, yes=1; q: no=0, yes=1; 
r:no=0,yes=1; s: no=0, yes=1; t: no=0, yes=1; u:no=0, yes=1; v: no= 0, yes= 1; w:no= 0, yes=1; 
x: no=0, yes=1 
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There is no "gold standard" scoring system based on accuracy. The main developments have 

been in ease of use, rather than improvement of accuracy. Koivuranta et. al and Apfel et al 

came to the conclusion that omitting constants and coefficients derived from logistic 

regression modelling, only minimally affected the accuracy of risk assessment. They also 

concluded that inclusion of more, rather than a few risk factors, does not significantly 

increase accuracy.  

Comparisons between all scoring systems suggest that for inpatients, the Koivuranta et al. 

simplified scoring system (6), is the most accurate, but not much more accurate than the 

Apfel et al. simplified scoring system (1). The Eberhart et al. simplified scoring system is the 

preferred choice for use in children (135). It should be noted that these scoring systems are 

at best moderately accurate in predicting the risk of PONV.  

A scoring system based on Koivuranta and Apfel simplified systems, categorises patients in 

three groups: low to moderate, moderate to high, and high-risk patient groups (13). 

Therapeutic modalities are also suggested for each risk group. Patients who have a history 

of PONV on one occasion, or two of the following other risk factors: female gender; 

postoperative opioid use; history of motion sickness or non-smoking status; fall into a low to 

moderate risk group. Single agent prophylaxis is suggested for this group. Patients falling 

into a moderate to high-risk group are those who have a history of PONV on one occasion 

and one other risk factor, or three separate risk factors. Dual agent prophylaxis is suggested 

for this patient group. Patients that fall into a high-risk group are those who have a history 

of PONV on more than one occasion and one other risk factor. These patients are best 

treated with a multimodal approach. This system is outlined in Table 2.4 below.  
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Table 2.4: A simplified scheme for risk stratification (13) 

 Low to Moderate 

Risk 

Moderate to High 

Risk 

High Risk 

Criteria A on one occasion 

or 2 factors from B 

A on one occasion 

PLUS > 1 factor 

from B  

OR >3 factors from 

B 

A on more than one 

occasion PLUS > 1 

factor from B 

Prophylaxis One Agent Dual Agent Multimodal (anti 

emetic drugs and 

changing modifiable 

risk factors) 

A: History of PONV 

B: Female gender, postoperative opioid use, history of motion sickness, non-smoker, 

expected surgery greater than 30 mins duration 

 

2.8.4.2 IMPLICATIONS OF RISK DETERMINATION 

 

Contemporary literature has reinforced the multifactorial nature of PONV, and has lead to 

the development of a multimodal approach to the prevention and treatment of PONV 

(116,146). Application of these findings to the treatment and prevention of PONV has led to 

the promotion of a "decision-tree" approach. Patients are divided into risk categories (low, 

moderate, high, extremely high) based on the number or nature of their risk factors, or their 

score from a formula (144,165,166). There is a growing consensus, that PONV prophylaxis is 

not cost-effective in low risk patient groups (<10 or <20% expected risk), and that it is most 

effective in moderate, high, or extremely high-risk (with >70% expected risk) patient groups 

(77,83,165,167). These patients should be treated with combinations of drugs from 

different classes (82) and additional nonpharmacological measures (e.g. acupuncture) (76).  
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2.8.4.3 LIMITATIONS OF RISK FACTOR RESEARCH 

 

Risk factor research using newer statistical methods has shed much light on this aspect of 

PONV. There are still numerous risk factors, which have not as yet been properly 

investigated. However, there continue to be limitations, which need to be borne in mind 

when conducting risk factor research. Firstly studies have focused on readily discernible 

clinical factors. Molecular biological and genetic patient characteristics have not been 

examined. Sweeney has highlighted the expression and activity of selected cytochrome P 

450 hepatic enzymes (CYP450) as a potential risk factor for PONV (174). CYP450 metabolises 

many drugs, including widely used anaesthetic and analgesic drugs and antiemetics 

(56,175). Patients can be categorised into "poor", "intermediate", "extensive" or 

"ultrarapid" metabolisers of the drugs, based on CYP450 activity (176). CYP450 can be 

stimulated or suppressed by various environmental influences. Sweeney has postulated that 

the tar in cigarette smoke, which contains polycyclic aromatic hydrocarbons, induce CYP450 

activity and hence result in the protective effect of cigarette smoking on the risk of PONV. 

Other compounds such as alcohol, erythromycin, cimetidine, terfenadine, cabbage, brussel 

sprouts, cauliflower and red pepper also affect CYP450. These have not been investigated as 

potential PONV risk factors. Gender and racial differences have also been documented in 

CYP450 expression.   

 A second limitation of PONV risk factor research is the difficulty of controlling for more 

subtle factors, particularly in smaller or single-centre studies. An example of this is the fact 

that the unusual proficiency of anaesthetists or surgeons, may mask the emetogenic nature 

of a procedure, that may be otherwise, where less skilled practitioners were involved (177).  

A third limitation is the variation between outcome measures between studies. Some 

studies consider nausea and vomiting as separate outcomes, whereas others consider them 

as a single combined outcome. Methods of measuring these outcomes differ between 

studies. For example, one study (134) used the administration of rescue antiemetics as the 

sole criteria for the presence of PONV. In some centres, heavy nursing or anaesthesiology 

workloads may lead to under observation of emetic episodes (5).  

A fourth limitation is the difficulty in separating true from surrogate risk factors (131,160). 
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This results from an incomplete understanding of the pathophysiology behind PONV. 

Deficiency of our knowledge of the molecular and biochemical mechanisms behind PONV, 

can lead to incorrect conclusions and confusing association with causality. For example, 

gynaecological procedures may be a surrogate risk factor for the true risk factor of female 

gender. Duration of surgery may be a surrogate for duration of anaesthesia, or vice versa.  

These limitations need to be kept in mind when conducting PONV risk factor research.  
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CHAPTER 3 - METHODOLOGY 
 

The methodology that was used for the study is discussed in this chapter. A description of 

the study design is followed by a discussion about the study location and sampling method. 

The chapter is concluded by a brief discussion about the data management, analysis, and 

the ethical considerations of the study.  

 

3.1 STUDY DESIGN 

 

The study was designed as a contextual, prospective, inception cohort study. This 

epidemiological study design was chosen to answer the research question and complete the 

aims of the project best. The concept is best explained by defining each of the separate 

three terms.  

 

The term "prospective" provides the temporal context of the data collection. This means 

that we enrolled patients before conducting the study, and collected data as events 

happened during a pre-defined data collection period. (178) 

 

The term "controlled" means that aspects of the study were constrained so as to attempt to 

eliminate bias introduced by other factors that are known to influence the endpoint of the 

study (i.e. PONV). This assures that the data collected will be reliable enough to statistically 

analyse and interpret. (178) 

 

A cohort study is by definition observational. Two cohorts of people were identified. They 

were then followed over time after exposure to general anaesthesia, to see who developed 

PONV and who did not. The time factor is important to note. At the beginning of the study 

neither the patients nor the researcher knew who was going to get the disease. This 

effectively avoided recall bias. (178) 

 

The term "inception" means that the patents in both cohorts were assembled because they 

were patients at the study hospital. 
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3.2 STUDY PERIOD 

 

Although the data collection period was initially expected to take 6 months, due to 

researcher availability and suitable patient availability, the research period extended over 

20 months (from 30/03/2009 to 30/11/2010). 

 

3.3 STUDY SITE AND CONTEXT OF THE STUDY 

 

The study was conducted at the Johannesburg Hospital. The Johannesburg Hospital is a 

busy, 1088 bed tertiary, state funded hospital. It provides level 2 and level 3 services, and is 

the main teaching hospital for the University of the Witwatersrand, Faculty of Health 

Sciences (179). A wide range of surgical procedures is performed in the theatre facilities 

available. The patient demographic undergoing surgery at this hospital allowed us to be able 

to sample both cohorts from one site.  

 

The recruitment of patients was done in the surgical wards of the hospital. The study was 

conducted within the post anaesthetic care unit and the wards of the Johannesburg 

Hospital. Data collection during the early PONV period (0-2 hours) was conducted in the 

post anaesthesia care unit. Data collection was conducted in the wards for the late PONV 

period (2-24 hours).  

 

3.4 STUDY POPULATION 

 

The study sample was drawn from patients attending the Johannesburg Hospital for elective 

surgery. Only adult patients able to give informed consent were chosen, from two ethnically 

different groups, as described below.  
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3.5 STUDY SAMPLE 

 

Two cohorts were required in order to fulfil the research objectives and study aim. To show 

statistical significance, 82 patients were required in each group. The aim was to recruit 100 

patients into each group to attempt to account for unexpected eventualities. However, after 

a revised power calculation in consultation with a statistician, it was decided that a smaller 

number could be recruited. In total 89 patients were recruited (59 in the black cohort, and 

30 in the non-black cohort). This was due to researcher availability and time constraints. 

 

The cohorts were chosen to differ from each other in ethnicity. The black South African 

cohort (Group A), was of South African ethnic origin. The non-black South African cohort 

(Group B), was of non-African South African ethnic origin. Patients of mixed ethnicity were 

included in the non-black group. All the patients chosen were in the moderate to high-risk, 

or high-risk category for PONV. This risk assessment was performed during the patient 

interview prior to recruitment, and is summarised in Table 3.1.  

Patients who have a history of PONV on one occasion, or two of the following other risk 

factors: female gender; postoperative opioid use; history of motion sickness or non-smoking 

status; fell into a low to moderate risk group. Patients falling into a moderate to high-risk 

group were those who had a history of PONV on one occasion and one other risk factor, or 

three separate risk factors. Patients that fell into a high-risk group were those who had a 

history of PONV on more than one occasion and one other risk factor.  

 

Table 3.1: Scheme for risk stratification(13) 

 Low to 

Moderate Risk 

Moderate to 

High Risk 

High Risk 

Criteria A on one occasion or 

2 factors from B 

A on one occasion 

PLUS > 1 factor from 

B  

OR >3 factors from B 

A on more than one 

occasion PLUS > 1 

factor from B 

A: History of PONV 

B: Female gender, postoperative opioid use, history of motion sickness, non-smoker, 

expected surgery greater than 30 mins duration 
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The sampling method used was non-random, convenience sampling (178). Inclusion and 

exclusion criteria were delineated in order to limit bias and to aid answering the study 

question. 

 

Inclusion criteria: 

Patients were included in the study if they were:  

 18-70 years old  

 undergoing elective surgery 

 receiving general anaesthesia of at least 30 minutes duration (no maximum duration 

was specified) 

 at moderate to high risk for PONV (See Table 3.1) 

 classed as ASA 1-3 

 able to give informed consent. 

 

Exclusion criteria: 

Patients were excluded from the study if they were: 

 expected to undergo total intravenous anaesthesia or regional anaesthesia 

 undergoing emergency surgery 

 unable to give informed consent  

 unable to understand the visual analogue scale (VAS). 

 

Surgeons usually book theatre lists on the day before the surgery. These lists are present in 

the theatre. Patient name, age, location, procedure type and expected duration are 

recorded on the list. An anaesthetist is assigned to each theatre list by the Department of 

Anaesthesia. A list of anaesthetists responsible for each theatre list is available within the 

Department of Anaesthesia well in advance. The theatre lists were reviewed on the day 

before surgery, and patient details were obtained for patients that were eligible for 

inclusion in the study. These patients were approached for recruitment and informed 

consent in the surgical wards. After obtaining consent, the anaesthetist responsible for the 

anaesthesia of the recruited patient was contacted. The anaesthetist was informed about 

the participation of the patient in the study, and was given a document detailing the 
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standardisation required for the study. There was no blinding in the study, and the patient 

identity and group allocation was known throughout. Patients were also assigned a group 

letter (A or B), and a number.  

 

Anaesthesia was standardised in several aspects. Firstly, standardised dual agent 

prophylaxis was given to all patients recruited into the trial. This was a combination of 

ondansetron and dexamethasone, at their recommended doses for this indication as per the 

South African Medicines Formulary. Secondly, no nitrous oxide was used and the 

inhalational agent used for maintenance was isoflurane. Thirdly, propofol was the induction 

agent for the anaesthetic. Propofol is the induction agent most in use for elective general 

anaesthesia at the study hospital. Finally only a single dose of neostigmine was given to 

reverse the neuromuscular blocker. The remainder of the anaesthetic was up to the 

individual anaesthetist.  

 

3.6 METHODS FOR MEASURING OUTCOMES 

 

The investigator approached the patient in the post anaesthesia care unit after surgery. The 

presence of nausea was determined after confirmation that the patient was alert and 

oriented. Any episode of vomiting reported by the anaesthetist or nursing staff in the area 

was noted. The patient was assessed as alert and oriented if a modified Aldrete score of at 

least 9 out of 10 and a Glasgow Coma Scale score of at least 14 out of 15 was achieved (see 

Appendix C, p 107). The patient was assessed for nausea using the visual analogue scale 

(VAS) (see Appendix B, p 106).  

 

This visual analog scale was created after an extensive literature search and is based on a 

description of a VAS validated for use in PONV research (21). It was printed on paper, and at 

each point of data collection a blank scale was used. Patients had an in depth explanation 

about the use of the VAS prior to taking consent for participation in the study. If use of the 

scale was not understood, the patient was not enrolled in the study.  

 

Patients were also asked a "yes/no" question about feeling nausea. This was in the patient's 
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home language. The 11 official languages in South Africa are English, Afrikaans, isiNdebele, 

isiXhosa, isiZulu, Sepedi, Sesotho, Setswana, SiSwati, Tshivenda and Xitsonga. 

 

Incidents of vomiting and complaints of nausea may have occurred in between 

questionnaires. Although these reports were specifically sought out by the investigator at 

the next planned questionnaire time point, there was no allocated section on the 

questionnaire for additional complaints of nausea (see Appendix A, p 104), and the 

investigator added additional notes as was necessary to each questionnaire. Administration 

of rescue anti-emetic, as recorded on the patient medication chart, was also noted. 

 

3.6.1 TIMING OF DATA COLLECTION 

 

Time intervals to assess degree of PONV were 0 hours (defined by first assessment of the 

patient as having a modified Aldrete recovery score of 9 out of 10 and a Glasgow Coma 

Scale score of 14 out of 15), 15 mins, 90 mins, 180 mins, and 24 hours. These assessment 

time intervals have been validated in previous studies for PONV (21).  

 

3.7 QUALITY CONTROL 

 

Strict adherence to inclusion and exclusion criteria ensured appropriate selection of 

patients. Deviations from the anaesthesia standardisation as determined by examination of 

the anaesthesia record resulted in the patient being excluded from the study. Missed 

interviews, incomplete data collection or illegible data collection forms, also resulted in the 

patient being excluded from the study. These measures limited poor quality data being 

collected for analysis.  

 

3.8 DATA ANALYSIS AND MANAGEMENT 

 

The following variables were recorded: times and results of VAS nausea assessment and 

"yes/no" nausea questions; number and times of vomiting events; timing, dose and type of 
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antiemetic; patient age; risk factor profile (gender, non-smoking status, previous history of 

PONV or motion sickness) and type of surgery. Data collected was digitised weekly. Paper 

datasheets were kept in a safe location. A person other than the investigator, who did the 

data collection, crosschecked digitised data with paper datasheets monthly.  

The data was analysed and processed after the data collection period, and the following 

information was reported for each group: female gender, age(years), non-smoking status, 

history of PONV, history of motion sickness, duration of anaesthesia (min), type of surgery 

and surgical techniques, postoperative opioids, number of patients with 0-4 risk factors 

according to Apfel (1) and calculated mean risk for PONV.  

 

A logistic regression analysis was then performed examining the influence of race as a risk 

factor for PONV (131,132). A calculation of relative risk and associated confidence interval 

was also performed(133). 

 

3.9 ETHICAL CONSIDERATIONS 

 

The patients in the study sample were extensively advised about their rights if they decided 

to participate in the study. This included withdrawal at any stage of the study should they 

feel against continuing participation, with the understanding that withdrawal would not 

prejudice their continued care. They were also informed that they would not receive 

monetary remuneration for their participation in the study. This study did not involve 

experimental treatments or placebos. It also did not withhold antiemetic prophylaxis or 

treatment. The prophylaxis administered was based on well-established and proven regimes 

(50). Denial of prophylaxis or treatment in moderate to high-risk patient groups cannot be 

justified (21). Therefore, study patients were at no additional risk from receiving less than 

the established standard of care. Patients were enrolled once they fully understood their 

rights, their purpose in the study, and were able to sign the informed consent form.  

The Human Research Ethics Committee and the Post Graduate Committee from the 

University of the Witwatersrand extensively reviewed the study. The Johannesburg Hospital 

superintendent was also required to approve the study before it could be conducted.  

The above measures protected the rights and health of the study participants.  
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3.10 COSTING AND ACQUISITION OF STUDY MATERIALS 

 

The antiemetic prophylactic drugs used were ondansetron and dexamethasone. Grant 

funding (Jan Pretorius fund) from the South African Society of Anaesthesiologists was 

obtained to purchase ondansetron for purposes of the study. The total funding received was 

R10 000.00 . Dexamethasone was widely available in the hospital and is used widely for 

PONV prophylaxis in high-risk patient groups.  

Questions to be targeted to patients (see Appendix A, p 104) were translated into the 11 

official South African languages by the Wits Language School at no cost. 

 

3.11 ORIENTATION OF NURSES AND ANAESTHETISTS  

 

Anaesthetists, recovery room nurses and surgical ward nurses were approached prior to the 

commencement of patient recruitment and data collection. They were given a talk about 

the purpose of the study, and their participation in it.  
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3.12 FLOW CHART FOR STUDY DESIGN 
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CHAPTER 4 - RESULTS 
 

4.1 INTRODUCTION 

 

This chapter consists of the presentation of results and statistical methods. The results are 

presented using the aims and objectives set out in Chapter 1.  This is followed by a 

comparison of demographic data, and statistical methods. The chapter is then concluded 

with a short summary of important findings.  

Initially, it was expected that at least 80 patients would be included in each group resulting 

in a total of 160-200 patients. However, due to time constraints, the recruiting period was 

shortened. A statistician was consulted and a repeat power calculation was performed 

based on the ethnic demographic that presented for surgery in the theatres under study 

(over a one year period, 3496 patients underwent surgery in these theatres; 901[25.7%] of 

these were non-black).  The repeat calculation suggested that 104 black patients and 36 

non-black patients would be needed. However, eventually only 63 black patients and 31 

non-black patients were recruited, giving a total of 94 patients. There were 5 exclusions; due 

to protocol violation in 2 cases; cancellation of surgery in 2 cases and loss to follow-up in 1 

case. This left 59 patients in the black patient group, and 30 patients in the non-black 

patient group. A statistician was re-consulted, and it was decided that although not ideal, 

these numbers would be adequate to answer the question of the study.  

 

4.2 AIM AND OBJECTIVES 

 

4.2.1 AIM 

 

An initial cursory identification of non-black ethnicity as a risk factor was performed using 

the Spearman ranked linear correlation. This was followed by performed a multiple 

regression analysis at each time interval to confirm non-black ethnicity as a risk factor. 

Finally, the degree of increased risk associated with non-black ethnicity, and also the degree 
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of risk protection associated with black ethnicity was examined by calculating the relative 

risk ratios. 

 

4.2.1.1 LINEAR CORRELATION OF ETHNICITY AND NAUSEA 

 

The dependence of the presence of nausea and vomiting on ethnicity, of the whole study 

population, at different time intervals was analysed by using Spearman's ranked linear 

correlation.  

 

The presence of nausea was statistically dependent on non-black ethnicity at the 0, 15 and 

90 minute time intervals. The presence of vomiting from 0 to 24 hours was statistically 

dependent on non-black ethnicity. 

 

The incidence of postoperative nausea(PON) was significantly increased in the non-black 

population group during the first 3 time points (i.e. 0, 15 and 90 minutes), but there was no 

difference in the incidence of PON at the 180 minute and 24 hour time points. This may be 

due to lower opioid requirement and treatment of nausea in the ward during this late 2-24 

hour time period. Table 4.1 describes the Spearman coefficients and p-values in more detail 

below. 

 

Table 4.1: Spearman ranked analysis for the dependence of the presence of nausea and 

vomiting on ethnicity 

Variable R Value P value 

Nausea at 0 min -0.22 0.036 

Nausea at 15 min -0.44 0.000012 

Nausea at 90 min -0.24 0.020 

Nausea at 180 min -0.09 0.366 

Nausea at 24 hours 0.16 0.121 

Vomiting 0-24 hours -0.23 0.024 
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4.2.1.2 RISK FACTORS FOR NAUSEA AT 0 MINUTES 

 

Multiple regression analysis was performed looking for risk factors for nausea at each time 

interval. 

 

At the 0 minute time interval, it was found that the procedure type and non-black ethnicity 

were risk factors for nausea, with p values of 0.004 and 0.009 respectively. Although 

detected as a risk factor, procedure type and its lack of effect on PONV have been 

previously described, are examined in closer detail in section 5.4. 

 

Other known risk factors of PONV such as anaesthetic duration, non-smoking status, history 

of PONV, history of motion sickness and female gender were not found to be significant risk 

factors at this time point although non-smoking status trended toward significance (p=0.06). 

 

4.2.1.3 RISK FACTORS FOR NAUSEA AT 15 MINUTES 

 

At the 15 minute time interval it was found once again that non-black ethnicity was a risk 

factor for nausea with a p value of 0.000014. Non-smoking status was also significantly 

associated with nausea with a p value of 0.0053. 

 

As in the findings for the 0 minute time interval, risk factors such as history of PONV or 

motion sickness, female gender and anaesthetic duration were not found to be correlated 

to the risk of nausea. 

 

4.2.1.4 RISK FACTORS FOR NAUSEA AT 90 MINUTES 

 

At the 90 minute time interval, non-black ethnicity, procedure type (discussed in section 

4.3), non-smoking status and history of PONV were found to be risk factors for nausea with 

p values of 0.000019, 0.0031, 0.0024 and 0.014 respectively. 
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4.2.1.5 RISK FACTORS FOR NAUSEA AT 180 MINUTES 

 

At the 180 minute mark no risk factors correlated to the presence of nausea, although 

non-black ethnicity trended toward significance with a p value of 0.055.  

 

4.2.1.6 RISK FACTORS FOR NAUSEA AT 24 HOURS 

 

Since there was no nausea recorded at the 24 hour mark throughout the population, there 

was no variance in the nausea variable. This made the data at the 24 hour mark unsuitable 

for multiple regression analysis. 

 

4.2.1.7 RISK FACTORS FOR NAUSEA BETWEEN 0 AND 24 HOURS 

 

Multiple regression analysis was performed for the whole study period of 0 to 24 hours. 

Non-black ethnicity, non-smoking status, history of PONV and procedure type(discussed in 

section 4.3) were identified as risk factors for nausea with p values of 0.000003, 0.0019, 

0.045, and 0.0054 respectively. 

Once again, the known risk factors: female gender; history of motion sickness and 

anaesthetic duration were not identified as risk factors for PON in this study. 

 

4.2.1.8 RISK FACTORS FOR VOMITING BETWEEN 0 TO 24 HOURS 

 

The risk factors for postoperative vomiting between 0 and 24 hours were examined. 

Non-black and non-smoking status were identified as risk factors with p values of 0.0044 

and 0.037 respectively.  
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4.2.1.9 SUMMARY TABLE OF MULTIPLE REGRESSION RESULTS 

 

The multiple regression analysis data is summarised in Table 4.2 below. 

 

Table 4.2: Summary of risk factor identification using multiple regression analysis 

 Nausea at 0 

mins 

Nausea at 15 

minutes 

Nausea at 90 

minutes 

Nausea 

at 180 

minutes 

Nausea 

between 0-24 

hours 

Vomiting 

between 0-24 

hours 

Risk 

factors  

(p value) 

Procedure 

type  

(0.004) 

 

Non-black 

ethnicity 

(0.009) 

 

 

 

 

Non-black 

ethnicity 

(0.000014) 

 

Non-smoking 

status 

(0.0053) 

 

Procedure 

type  

(0.0031) 

 

Non-black 

ethnicity 

(0.000019) 

 

Non-smoking 

status 

(0.0024) 

 

History of 

PONV  

(0.014) 

 

Nil Procedure 

type 

(0.0054) 

 

Non-black 

ethnicity 

(0.000003) 

 

Non-smoking 

status 

(0.0019) 

 

History of 

PONV 

(0.045) 

 

 

 

 

Non-black 

ethnicity 

(0.0044) 

 

Non-smoking 

status 

(0.037) 
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4.2.1.10 RELATIVE RISK RATIO 

 

The total number of nausea or vomiting events and total number of observations over the 

24 hour study period were used to calculate the relative risk ratio and confidence interval. 

 

The relative risk is a measure of the strength of association between the risk factor and the 

disease. In this case the risk factor non-black ethnicity and the disease is PONV. If the 

relative risk is greater than one, it means that the presence of non-black ethnicity increases 

the incidence of nausea. 

 

The relative risk is calculated by dividing the incidence of nausea in the non-black group by 

the incidence of nausea in the black group. 

 

This is calculated with the aid of the following box plot: 

 Risk factor No Risk factor  

Disease present A B A+B 

Disease absent C D C+D 

 A+C B+D  

 

The relative risk is given by the formula: 

   
 

 
    

 
 

    
 

A 95% confidence interval also has to be calculated in order to give an idea of how the risk is 

distributed. The higher the lower limit of this confidence interval above 1, the more 

significant the relative risk result. Similarly, if the higher limit of the confidence interval is 

closer to the lower limit, that is if the confidence interval range is smaller, the more 

significant the result. This implies that there is not much risk variation among the range of 

results, and the conclusion is more significant. In order to do this, a standard error of log 

relative risk (SElogR) has to be calculated. 
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The SElogR is given by the formula: 

           
 

 
   

 

   
     

 

 
   

 

   
    

 

The lower and upper limits of the confidence interval are given by the equation: 

 

                     

 

Using the above equations and box plot, the relative risk ratios and confidence intervals 

were calculated for the influence of ethnicity on nausea and vomiting over the study period. 

 

4.2.1.10.1 RELATIVE RISK OF NAUSEA 

 

 Non-black Black Totals 

PON (0-24 hrs) 49 40 89 

No PON (0-24 hrs) 101 255 356 

Totals 150 295  

Using the above box plot, it was calculated that the relative risk ratio of nausea in patients 

who were non-black was 2.40, with a 95% confidence interval of 1.67 to 3.48. 

 

4.2.1.10.2 RELATIVE RISK OF VOMITING 

 

 Non-black Black Totals 

POV (0-24 hrs) 4 1 5 

No POV (0-24 hrs) 146 294 440 

Totals 150 295  

Using the above box plot, it was calculated that the relative risk ratio of vomiting in patients 

who were non-black was 7.86, with a 95% confidence interval of 0.88 to 69.76.  
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4.2.2 OBJECTIVES 

 

4.2.2.1 DOCUMENT THE INCIDENCE OF NAUSEA 

 

The number of patients experiencing nausea in the non-black patient group at 0 minutes 

was 14; at 15 minutes was 21; at 90 minutes was 11; at 180 minutes was 3 and at 24 hours 

was 0. The respective proportion of patients who felt nauseous at these time intervals was 

46.7%; 70%; 36.7%; 10% and 0%.  

 

The number of patients experiencing nausea in the black patient group at 0 minutes was 13; 

at 15 minutes was 14; at 90 minutes was 10; at 180 minutes was 3; and at 24 hours was 0. 

The respective proportion of patients who felt nauseous at these time intervals was 22%; 

23.7%; 16.9%; 5.08% and 0%. 

 

The above data is summarised in the Table below: 

 

Table 4.3 The incidence of nausea at predetermined time intervals 

Time of observation Number of non-black 

patients (%), Total=30 

Number of black 

patients (%), Total = 59 

   

0 minutes 14(46.7%) 13(22%) 

15 minutes 21(70%) 14(23.7%) 

90 minutes 11(36.7%) 10(16.9%) 

180 minutes 3(10%) 3(5.08%) 

24 hours 0(0%) 0(0%) 

  

The data was further processed to examine nausea events: early (0-2 hours), late (2-24 

hours) and total (0-24 hr) postoperative periods. 

The number of observations of nausea in the non-black patient group during the 0-2 hour 

time interval was 46 out of a total of 90 observations. The number of observations of 

nausea in this group during the 2-24 hour time interval was 3 out of a total of 60 
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observations. The number of total nausea events in this group was 49 out of a total of 150 

observations.  

The number of observations of nausea in the black patient group during the 0-2 hour time 

interval was 37 out of a total of 177 observations. The number of observations of nausea in 

this group during the 2-24 hour time interval was 3 out of a total of 118 observations. The 

number of total nausea events in this group was 40 out of 295 observations.  

This data is summarised in Table 4.4. 

 

Table 4.4: The number of nausea events during predetermined time intervals 

Time Interval Number of events - non-black 

patients (Total observations/%) 

Number of events - black 

patients (Total observations/%) 

   

0-2 hours       46 (90/51.1%) 37(177/20.9%) 

2-24 hours       3 (60/5%)        3 (118/2.5%) 

0-24 hours       49 (150/32.7%) 40 (295/13.5%) 

 

4.2.2.2 DOCUMENT THE INCIDENCE OF VOMITING 

 

The number of patients who experienced episodes of vomiting in the non-black patient 

group at 0 minutes was 0; at 15 minutes was 2; at 90 minutes was 1; at 180 minutes was 1 

and at 24 hours was 0.  

 

The number of patients who experienced episodes of vomiting in the black patient group at 

0 minutes was 0; at 15 minutes was 1; at 90 minutes was 0; at 180 minutes was 0 and at 24 

hours was 0.  

 

The above data is summarised in Table 4.5 below. 
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Table 4.5: The incidence of vomiting at predetermined time intervals 

Time of observation Number of non-black patients 

(%), Total = 30 

Number of black patients (%), 

Total = 59 

   

0 minutes 0 (0%)  0 (0%) 

15 minutes 2 (6.6%) 1 (1.7%) 

90 minutes 1 (3.3%) 0 (0%) 

180 minutes 1 (3.3%) 0 (0%) 

24 hours 0 (0%) 0 (0%) 

 

The data was also further processed into early (0-2 hours), late (2-24 hours) and total 

postoperative periods. 

The number of episodes of vomiting in the non-black patient group was 3 out of a total of 90 

observations between the 0-2 hour period; 1 out of a total of 60 observations between the 

2-24 hour period and 4 out of 150 observations over the total period. 

The number of episodes of vomiting in the black patient group was 1 out of a total of 177 

observations between the 0-2 hour period; 0 out of a total of 118 observations between the 

2-24 hour period and 1 out of 295 observations over the total period. This data is 

summarised in Table 4.6. 

 

Table 4.6: The number of vomiting events during predetermined time intervals 

Time Interval Number of vomiting Events - 

non-black patients (Total 

observations/%) 

Number of vomiting Events - 

black patients (Total 

observations/%) 

   

0-2 hours       3 (90/3.3%)       1 (177/0.56%) 

2-24 hours       1 (60/1.67%)       0 (0/0%) 

0-24 hours       4 (150/2.67%)       1 (295/0.33%) 
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4.2.2.3 DOCUMENT THE USE OF RESCUE ANTIEMETICS 

 

Rescue antiemetics were used if the patient complained of nausea to the nursing staff 

independent of the study. The standard of care within the institution is administration of 

intramuscular prochlorperazine of 12.5 to 25mg. The type of drug used for rescue therapy 

could not be standardised as each of the surgical wards have variable stock levels of 

prochlorperazine and occasionally antiemetics other than prochlorperazine have to be used 

to treat PONV (for example metoclopramide).  

 

The total dosage of prochlorperazine administered was recorded over a 24 hour period. 

Complete postoperative antiemetic prescription and administration records were only 

obtained for 22 out of 59 patients in the black group, and 14 out of 30 patients in the 

non-black group. This was due to administrative problems and lost records in the wards. 

 

Patients in the non-black group were given a total dose of 225mg of prochlorperazine which 

equates to a mean of 16.07mg per patient.  

 

Patients in the black group were given a total dose of 450mg of prochlorperazine which 

equates to a mean of 20.45mg per patient. 

 

4.2.2.4 COMPARE THE INCIDENCE OF NAUSEA 

 

With the exception of the T24 (24 hours) time point, where there was no recorded nausea in 

any patient in both groups, the number of events of nausea were greater at all other time 

points in the non-black group. This is displayed in Figure 4.1. 

 

Comparison of the incidence of nausea was carried out using the Chi-Squared test with 1 

degree of freedom. Significance was defined as p<0.05. The difference between the 

incidences of nausea at T0 (0 minutes) was significant with a p value of 0.01687; at T15 (15 

minutes) was significant with a p value of 0.00002; at T90 (90 minutes) was significant with a 
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p value of 0.038 and at T180 (180 minutes) was not significant with a p value of 0.382. The 

incidence of nausea at T24 (24 hours) could not be compared, as there were no events at 

this time point in either group. These results are summarised in Table 4.7. 

 

Similarly when the groups were stratified into 0-2 hours, 2-24 hours and 0-24 hour time 

intervals, patients in the non-black group had significantly more nausea than those in the 

black group at 0-2 and 0-24 hours, with a p values of 0.00000046 and 0.0000019 

respectively. When comparing the incidence of nausea in the 2-24 hour period, there was 

no significant difference shown with a p value of 0.3904. These results are shown and 

summarised in Figure 4.2 and Table 4.8 below. 

 

 

 

 
 

* T0= 0 minutes, T15= 15 minutes, T90= 90 minutes, T180= 180 minutes, T24= 24 hours 

Figure 4.1: The incidence of nausea at each time interval for both groups 

 

 

 

 

 



84 
 

Table 4.7: Comparison of the incidence of nausea at each time point using the Chi-Squared 

test with 1 degree of freedom 

Time point P value 

  

T0 (0 minutes) 0.01687 * 

T15 (15 minutes) 0.00002 * 

T90 (90 minutes) 0.038 * 

T180 (180 minutes) 0.382  

T24 (24 hours) Could not be calculated 

* significant (p<0.05) 

 

 

 

Figure 4.2: Comparison of the incidence of nausea at each time interval  
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Table 4.8: Comparison of the incidence of nausea during predefined time intervals using a 

Chi-Squared test with 1 degree of freedom 

Time Interval P value 

  

0-2 hours 0.00000046* 

2-24 hours  0.3904 

0-24 hours 0.00000190 * 

* significant (P<0.05) 

 

4.2.2.5 COMPARE THE INCIDENCE OF VOMITING 

 

The incidence of vomiting was greater in the non-black patient group at 15 minutes (T15), 

90 minutes (T90) and 180 minutes (T180). This is displayed in Figure 4.3 below. 

 

The data was compared using the Chi-Squared test with 1 degree of freedom. Significance 

was defined as P<0.05. Since the number of vomiting events for both groups at 0 minutes 

(T0) and 24 hours (T24) were 0, these time points could not be tested. Although the 

incidence of vomiting at T15, T90 and T180 was greater in the non-black group, this was not 

significant as shown by p values of 0.2193, 0.1585 and 0.1585 respectively. These results are 

summarised in Table 4.9. 

 

However, when the vomiting event counts were stratified into time periods of 0-2 hours, 

2-24 hours and 0-24 hours, different results were obtained. The incidence of vomiting 

during the total 0-24 hours time period was significantly more in the non-black group with, 

with a p value of 0.0277. During the 0-2 hours and 2-24 hours period the difference in 

incidence remained insignificant with p values of 0.0784 and 0.1596 respectively. These 

results are shown and summarised in Table 4.10 and Figure 4.4. 
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* T0= 0 minutes, T15= 15 minutes, T90= 90 minutes, T180= 180 minutes, T24= 24 hours 

Figure 4.3: The incidence of vomiting at each time point for both groups 

 

 

Table 4.9: Comparison of the incidence of vomiting at each time point using the 

Chi-Squared test with 1 degree of freedom 

Time point P Value 

  

T0 (0 minutes) Could not be calculated 

T15 (15 minutes) 0.2193 

T90 (90 minutes) 0.1585 

T180 (180 minutes) 0.1585 

T24 (24 hours) Could not be calculated 
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Figure 4.4 The incidence of vomiting between time intervals for both groups 

 

 

Table 4.10: Comparison of the incidence of vomiting during predefined time intervals 

using a Chi-Squared test with 1 degree of freedom 

Time Interval P value 

  

0-2 hours 0.0784 

2-24 hours 0.1596 

0-24 hours 0.0277 * 

* significant (P<0.05) 
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4.2.2.6 COMPARE THE USE OF RESCUE ANTIEMETICS 

 

As mentioned previously in 4.2.2.3, complete records for postoperative antiemetic use were 

only available for 22 out of 59 patients in the black group, and 14 out of 30 patients in the 

non-black group.  

 

This data was analysed using the Mann-Whitney U test for two continuous independent 

samples. Although the mean dose of prochlorperazine given in the black group (20.45mg) 

was higher than that given in the non-black group (16.07mg), this was not statistically 

significant with a p value of 0.305.  

 

4.3 DEMOGRAPHIC AND BASELINE DATA 

 

As shown in Table 4.13 below, the groups were very similar. There were however significant 

differences in the following variables: history of PONV (p=0.035), non-smoking status 

(p=0.07), procedure type(p=0.0358), atracurium dosing(p=0.04) and rocuronium(p=0.02) 

dosing. Despite differences in individual risk factors for PONV; i.e. history of PONV and 

non-smoking status, the average Apfel scores(156) between the two groups were not 

different, therefore the PONV risk categories in the two groups were the same (moderate to 

high risk). The distribution of procedure types is shown below in Figure 4.4 and Figure 4.5. 
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Table 4.13: Summary table and comparison of baseline variables 

Variable All (89) Black (59) Non-black (30) P value Test 

Age (yrs) 40.6 ± 11.8 

42 [19-73] 

38.7 ± 10.03 

41 [19-60] 

44.36 ± 14.23 

45 [20-73] 

P=0.052 MW U 

Anaesthetic time 

(mins) 

120.9 ± 67.19 

110 [40-560] 

120.38 ± 72.7 

100 [40-560] 

122.13 ± 55.88 

115 [50-278] 

P=0.77 MW U 

ASA (1-5) (Median 

(Mode) [Range]) 

1(1) [1-3] 1(1) [1-3] 1(1) [1-2] P=0.67 P-Chi Sq 

Gender (N, m/f) 17/72 11/48 6/24 P=0.87 P- Chi Sq 

Hx of PONV (N (%)) 16 (17.9%) 7 (13.4%) 9 (30%) P=0.035 P-Chi Sq 

Hx of MS (N, %) 27 (30.3%) 16 (27.1%)  11 (36.6%) P=0.35 P-Chi Sq 

Non Smokers (N, %) 81 (91%) 58 (98.3%) 23 (76.6%) P=0.0007 P-Chi Sq 

Procedure Type See Figure 

4.5 and 4.6  

below 

  P=0.0358 P- Chi Sq 

Apfel Score average  3.18 3.23 P>0.1 MWU 

Fluids- Crystalloid 

(ml) 

1069.1 ± 

402.01 

1000 

[200-3000] 

1097.45 ± 

403.58 

1000 

[400-3000] 

1013.33 ± 

399.77 

1000 

[200-1800] 

P=0.64 MW U 

Fluids- Colloid (ml) 57.86 ± 

175.63 

0 [0-1000] 

78.81 ± 203.25 

0 [0-1000] 

16.66 ±91.28 

0 [0-500] 

P=0.09 MWU 

FiO2 (Fraction) 0.54 ± 0.06 

0.55 [0.4-0.8] 

0.54 ± 0.06 

0.54 [0.4-0.8] 

0.54 ± 0.05 

0.55[0.45-0.69] 

P=0.76 MWU 

Neostigmine (mg) 2.19 ± 0.82 

2.5 [0-2.5] 

2.20 ±0.81 

0[0-2.5] 

2.16 ± 0.86 

2.5[0-2.5] 

P=0.84 MWU 

Propofol (mg) 158.53 ± 

49.82 

150 [60-400] 

157.9 ± 43.96 

150 [100-300] 

159.66 ± 60.54 

150 [60-400] 

P=1 MWU 
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Fentanyl (ug) 100 ± 81.53 

100 [0-300] 

98.30 ± 76.54 

0[100-300] 

103.3± 91.85 

100[0-300] 

P=0.98 MWU 

Morphine (mg) 8.01 ± 4.44 

8.5 [0-24] 

8.33 ± 4.6 

9 [0-24] 

7.38 ± 4.05 

7.5 [0-16] 

P=0.52 MWU 

Sufenta (ug) 0.44 ± 4.2 

0 [0-40] 

0 1.33 ± 7.3 

0 [ 0-40] 

P=0.16 MWU 

Alfentanil (ug) 52.80 ± 

219.55 

0 [0-1000] 

67.79 ± 253.55 

0[0-1000] 

23.3 ± 127.8 

0 [0-700] 

P=0.48 MWU 

IV paracetamol (g) 0.78 ± 0.41 

0 [0-1] 

0.77 ± 0.41 

0 [0-1] 

0.8 ± 0.4 

0 [0-1] 

P = 0.83 MWU 

Remifentanil(average 

ng/kg/hr) 

54.77 ± 

110.90 

0 [0-650] 

64.83 ± 124.92 

0 [0-650] 

35 ± 74.16 

0 [0-250] 

P =0.45 MWU 

Midazolam (mg) 0.07 ± 0.376 

0 [0-3] 

0.10 ± 0.44 

0 [0-3] 

0.03 ± 0.18 

0 [0-1] 

P=0.50 MWU 

 

Ketorolac (mg) 6.74 ± 12.59 

0 [0-30] 

7.11 ± 12.87 

0 [0-30] 

6 ± 12.205 

0 [0-30] 

P=0.69 MWU 

Atracurium (mg) 32.13 ± 20.81 

35 [0-75] 

35.84 ± 19.25 

40 [0-75] 

24.83 ± 22.14 

30 [0-70] 

P=0.04 MWU 

Rocuronium (mg) 4.49± 16.23 

0[0-100] 

1.694± 9.12 

0 [0-50] 

10±24.21 

0 [0-100] 

P=0.02 MWU 

Cisatracurium (mg) 0.23 ± 1.38 

0 [0-10] 

0.05  ± 0.39 

0 [0-3] 

0.6 ± 2.29 

0 [0-10] 

P=0.216 MWU 

Vecuronium (mg) 0.13 ± 1.27 

0 [0-12] 

0 0.4 ± 2.19 

0 [0-12] 

P=0.168 MWU 

Augmentin (g) 1.09 ± 0.73 

1.2 [0-2.4] 

1.15±0.77 

1.2 [0-2.4] 

0.96±0.66 

1.2 [0-2.4] 

P=0.24 MWU 

Kefzol (g) 0.20±0.504 

0 [0-2] 

0.186±0.43 

0[0-2] 

0.23±0.62 

0[0-2] 

P=0.79 MWU 

* MWU- Mann Whitney U, P-Chi Sq - Pearson Chi Squared, N-number, MS-motion sickness, ml-milliliters, FiO2 - fraction of 
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inspired oxygen, mg-milligrams, ug-micrograms, g-grams, ng-nanograms, kg-kilogram, hr-hour.  

** Continuous variables are given as Mean ± Standard Deviation, Median[Range] 

 

 

Figure 4.5: Distribution of surgical procedures in black patients 

 

 

 

Figure 4.6: Distribution of surgical procedures in non-black patients 

* Gynae= gynaecology; Ortho= orthopaedics; ENT= ear, nose and throat; Maxfax= maxillofacial; Opthal=ophthalmology; 

Gen surg= general surgery 
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4.4 APPROACH TO DATA ANALYSIS 

 

4.4.1 QUALITY OF DATA 

 

The quality of data was checked using descriptive statistics and normality analysis. Data 

cleaning had no unwarranted effects on the quality of the data.  

 

Means, modes, ranges, standard deviations and variances as appropriate were calculated 

for all groups of variables. The majority of the data fitted the normal distribution pattern, 

with only a minority of data being non-normally distributed. Non-normally distributed data 

were not adjusted into a normal distribution.  

 

4.4.2 RANDOMISATION CHECK 

 

No formal randomisation procedure was used. The method of sampling was convenience 

based. However, the non-random sampling was considered to be successful, since 

background and substantive variables were shown to be equally distributed across both 

groups as is shown in 4.3.  

 

4.4.3 ANALYSES 

 

Various statistical tests were used to analyse the data (see 4.5 below).  Nominal and 

ordinal variables were analysed using numbers and percentages. These values were also 

cross tabulated (for the Chi-squared test). Standard deviations, means and variances were 

calculated for continuous variables. In addition the Mann Whitney U test was used to 

compare these variables. 
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4.5 DATA ANALYSIS 

 

4.5.1 SOFTWARE USED 

 

Statistica for Windows version 10 and 11 were used for descriptive statistics, univariate and 

multivariate analyses. 

 

4.5.2 TESTS USED 

 

The following tests were used to analyse the data. A p value of less than 0.05 was taken as 

being significant. 

 

The Pearson Chi-Squared test was used to analyse discrete and categorical data. One degree 

of freedom was used. 

The Mann-Whitney U test was used to analyse continuous data. A Spearman's linear rank 

correlation coefficient was measured to determine the dependence of the presence of 

PONV on ethnic origin. Multiple regression analysis was also used to analyse if PONV was 

dependent on ethnic origin. The independent variable was assigned as ethnic origin, whilst 

the dependent or explanatory variables were the known risk factors for PONV: female 

gender; non-smoking status; history of postoperative nausea and vomiting. 

 

Relative risk ratios and associated confidence intervals were calculated for the identified risk 

factor of ethnicity. 

 

4.6 SUMMARY 

 

The results of the study were presented in this chapter. Although the intended sample 

number was not achieved, it was decided in conjunction with a statistician that data analysis 

should proceed, as there would be enough data in order to answer the questions of the 

study. Various statistical methods were used in order to analyse the different categories of 
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data. Mann Whitney U and Pearson Chi-Squared tests were used to compare different 

categories of data. Linear correlation, multiple regression and relative risk calculation were 

used to ascertain if ethnicity is indeed a risk factor for PONV. 

 

The aims and objectives of the study were achieved, and the results will be discussed in 

detail in the following chapter.  
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CHAPTER 5 - DISCUSSION 
  

This chapter contains a discussion revolving around the results detailed in chapter 4.  

 

5.1 INCIDENCE OF NAUSEA 

 

The cumulative incidence of nausea in the non-black patient group between 0 and 24 hours 

was significantly higher (32.7%) than in the black patient group(13.5%).  

 

The Apfel score (1) predicted a 39% risk of PONV for both groups. The incidence of nausea in 

the non-black group mirrors international literature(2), however the Apfel score grossly 

overestimated the predicted incidence of nausea in the black patient group. There is no 

international literature to date on the incidence of postoperative nausea (PON) in different 

ethnic groups. The data from our study is different from a non-controlled prospective 

observational study examining a population drawn from a similar population group in South 

Africa, which showed a higher overall incidence of PONV; 45% in the non-African group, and 

22% in the African group (14). This trial was non-controlled, and some patients did not 

receive antiemetic prophylaxis which may explain the higher overall incidence. It is worth 

noting however, that the risk of nausea in that study doubled in the non-African group, 

which is similar to the risk increase seen in our study. 

 

On examination of the distribution of nausea events, it can be seen that the incidence in the 

non-black group is higher than that of the black group at all time points, except for 24 hours 

(when both groups had a zero incidence). This is illustrated in Figure 4.1. 

 

If the data is divided into early (0-2 hours) and late (2-24 hours) periods, the difference in 

incidence of nausea between the two groups is only present in the early period 

(p=0.00000046). Although the incidence is still higher in the non-black group during the late 

period, the difference is non-significant (p=0.3904). Despite this non-significant result, the 

incidence is still almost double in the non-black group (2.54% vs. 5%) during the late period. 

This is illustrated in Figure 4.2. The reason for this reduction in significant difference in 
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nausea risk is difficult to illicit, and could be due to the amount of postoperative opioid 

received. Only 22 (66 observations in total) records of prescribed opioids were available in 

the black group, and 14 records (42 observations in total) in the non-black group. Out of 

those 66 total observations in the black group, there were 19 records(28.7%) of received 

opioids in the 2-24 hour period, and out of the 42 observations of patients in the non-black 

group, there were only 10 records (23.8%) of opioid received in the same period. Although 

this difference in opioid requirement is non-significant taken independently (p=0.56), there 

was more opioid requirement in the black group. This increased opioid requirement may 

have been enough to cause a relative increase in nausea incidence in the black patient 

group resulting in a non-significant nausea difference in the late period. 

 

5.2 INCIDENCE OF VOMITING 

 

The incidence of vomiting was significantly higher (p=0.027) in the non-black population 

group during the entire 0-24 hour period (2.67% vs. 0.34%). 

 

There were only 5 vomiting events throughout the entire study group, with no events being 

recorded at 0 minutes and 24 hours.  

 

Examining the early and late postoperative periods separately, there is no difference in the 

incidence of vomiting between the two patient groups, however, the difference in the early 

period tended towards significance (p=0.078).  

 

As is for the case with the incidence of nausea, there was less of a significant difference in 

the incidence of vomiting in the late period versus the early postoperative period, although 

there was no vomiting at all recorded in the black patient group during this time.  

 

The reason for the reduced difference in vomiting between the two patient groups in the 

late period, is most likely due to a lowering of the incidence of vomiting in the non-black 

group during the late period. This may be as a result of the lower postoperative opioid 

requirement by the non-black group (as discussed in 5.1). 
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The incidence of vomiting during the different time periods and the total study period is 

shown graphically in Figure 4.4. 

 

5.3 ETHNICITY AS A RISK FACTOR 

 

Both linear correlation and multiple regression analysis showed that ethnicity is a risk factor 

for PONV. Black South African patients had reduction of PONV risk as compared with 

non-black South Africans. 

 

As described in detail in 4.2.1.1, the Spearman ranked coefficient analysis was used to test 

for linear correlation between ethnicity and PONV. 

 

It was found that there was a correlation between non-black ethnicity and the presence of 

nausea at the 0, 15 and 90 minute time points (p=0.036, 0.000012, 0.020 respectively). It 

was also found that there was a correlation between non-black ethnicity and vomiting 

between 0-24 hours. As shown for the comparison of nausea (5.1), non-black ethnicity could 

not be identified as a risk factor for nausea if the late postoperative is examined 

independently.  

 

Multiple regression analysis also showed similar results, with non-black ethnicity being 

identified as a risk factor for nausea at 0, 15, 90 minutes and 0-24 hours (p values of 0.009, 

0.000014, 0.000019, 0.000003 respectively). Using the same analysis it was also shown that 

non-black ethnicity was a risk factor for vomiting between 0-24 hours (p=0.0044). 

 

On examining the relative risk ratios, non-black ethnicity was found to be a significant risk 

factor for nausea with a relative risk ratio of 2.40 (95 % CI, 1.67-3.48). This is similar to the 

result found in Rodseth et als’ study where the odds ratio was found to be 2.1 (95% CI, 

1.5-2.82) (14).  

 

Despite a high relative risk ratio of 7.86 for vomiting, the 95% confidence interval for this 
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calculation was wide (0.88 to 69.76), which reduces the significance of the risk increase. This 

result was most likely due to the very low numbers of vomiting events for both groups.  

Examining relative risk ratio for postoperative nausea risk reduction, the black patient group 

was protected against postoperative nausea, with a relative risk of 0.41 (95% CI, 0.28-0.60). 

 

This data shows that non-black ethnicity is a risk factor for PONV, although the strength of 

the association is more significant for early postoperative nausea (than for late 

postoperative nausea), and for postoperative vomiting.  

 

Previous laboratory studies have shown that Chinese ethnic origin is a risk factor for induced 

motion sickness (16,17).  

However, there is little work done on examining this effect in the perioperative setting. In 

this regard, the little that is published is conflicting. A meta-analysis examining risk factors 

for PONV in gynaecological surgery found that there is an increased risk in patients of British 

origin as opposed to patients of German origin (17). A large retrospective study with 8855 

patients examining the effect of gender, age and race on the side effects of short term 

opioid administration, found that black patients had less nausea and vomiting than white 

patients with an OR of 1.4 (CI 1.1-1.7) (18). A recent non-controlled prospective 

observational study examining the same study question in Durban, South Africa showed that 

non-black ethnic origin was associated with a much higher risk of PONV, OR 2.1 (95% CI, 

1.5-2.82) (14). However, there is other retrospective work that has shown no effect of 

ethnicity on the risk of PONV (148).  

Examining this conflicting literature, it is apparent that only Rodseth et als’ (14) trial was 

designed to specifically answer the question of whether ethnicity is a risk factor. The data in 

our prospective study add further support to this argument. 

 

5.3.1 POSSIBLE EXPLANATIONS FOR THE EFFECT OF ETHNIC ORIGIN ON PONV 

 

PONV has been seen as the result of multifactorial interactions. The main factors resulting in 

differing risk profiles for PONV may be variations in: afferent stimuli, psychology, receptors 

and drug metabolism. These may have varying effects between ethnic groups due to 
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genetic, sociocultural or psychological factors. 

5.3.1.1 GENETIC FACTORS 

 

There are numerous pharmacogenetic factors that have been identified as risk factors for 

PONV. Genetic polymorphisms in the cytochrome P450 system, particularly the number of 

alleles of CYP2D6, affect the efficacy of 5HT3 receptor antagonists (56,174,175,176). 

Variations of 5-HT3A/B receptor genes (HTR3A/HTR3B) have been shown to be associated 

with the individual risk of developing POV (180). 

 

Opioid efficacy is affected by genetic polymorphisms of the OPRM1 A118G mu-opioid 

receptor gene (181). This may imply that the more efficacious an opioid, the higher the risk 

of PONV, however this has been refuted in a study by Zhang et al (182). 

 

Other receptor polymorphisms such as the dopamine D2 receptor Taq 1A polymorphism 

(183) have also been associated with PONV. 

 

A genome wide association study used pooled DNA and found that at least one single 

nucleotide polymorphism was associated with PONV susceptibility (184).   

 

5.3.1.2 SOCIOCULTURAL AND PSYCHOLOGICAL FACTORS 

 

Although cultural factors affecting PONV have not been investigated in the literature, there 

is work done on cultural differences in the perception of pain. In a quantitative review on 

the differences in experimental pain response, the researchers found differences between 

ethnic and cultural groups (185). They suggest that cultural group attitudes toward pain may 

differ, and each group may have differing degrees of pain expectancy and acceptance 

resulting in differences in measured clinical pain. This could also potentially be applied to 

explain ethnic group differences in PONV. 

 

Other factors that could also be used to explain the ethnic variation in PONV incidence are 

mentioned in the same pain study and they include: pain sensitivity, language, 
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expressiveness, medication practices and beliefs, socioeconomic status, chronic stress, 

socialisation of pain expression, and environmental factors. Psychological factors mentioned 

include pain coping strategies, mood and hyper vigilance.  

Unfortunately there is no literature that directly investigates the possible sociocultural and 

psychological factors that influence the incidence of PONV. Using literature investigating 

another subjective sensation such as pain, may provide insight into the psychopathology of 

PONV. 

 

5.4 BASELINE DEMOGRAPHICS 

 

As examined in detail in 4.3, the study groups were similar in all variables except for history 

of PONV, non-smoking status, procedure type, atracurium dosing and rocuronium dosing.  

 

As mentioned previously, despite the difference in history of PONV and non-smoking status, 

the mean Apfel score(156) was similar; which, in addition to history of PONV and 

non-smoking status, takes into account female gender and perioperative opiate use. 

Therefore, the difference in history in PONV and non-smoking status between the two 

groups did not change their baseline risk of PONV. 

 

The procedure type was different, with the majority of black patients undergoing 

gynaecological surgery (51%), followed by maxillofacial surgery (16%). The majority of 

non-black patients also underwent gynaecological surgery (36%), followed by general 

surgery (27%). It is controversial as to whether the type of surgery is a risk factor for PONV. 

Previous work has shown that the type of surgery is a risk factor (5), but more recently it has 

been shown that the duration of surgery is more of a risk factor than the type of surgery 

itself (1,134), with the possible exception of strabismus surgery in paediatric patients (135). 

Therefore, the difference in procedure types between the two groups is unlikely to have 

changed their baseline risk of PONV. 

 

There was a difference in the amount of muscle relaxant (atracurium and rocuronium) use 

between the two groups. Non-depolarising muscle relaxants have not been shown to be 
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independent risk factors for PONV. Controversy exists regarding neostigmine use as a risk 

factor for PONV. Previous work has shown that neostigmine increases the risk of PONV in a 

dose dependent manner (8). However, a recent meta-analysis suggests that neostigmine 

may not be implicated at all as a risk factor for PONV (186).   

Despite the different amounts and types of muscle relaxants used in this study, the 

neostigmine doses for both groups were similar, therefore the baseline risk of PONV was 

unlikely to have been influenced. 

 

The additional risk factor of perioperative opioid use was not added to the data since every 

patient in the study received opioids. The amount of intraoperative opioid between the two 

groups was similar.  

 

5.5 LIMITATIONS OF THIS STUDY 

 

5.5.1 STUDY DESIGN 

 

This study was a non-blinded non-randomised prospective non-placebo controlled trial with 

a convenience sampling method. The use of placebo for antiemetic prophylaxis was 

considered unethical and unnecessary to answer the study question. It may have improved 

the strength of the trial to have a randomised patient selection method, but due to 

researcher availability a non-randomised convenience sampling method was selected. It was 

impossible to blind such a study since the patients had to be interviewed by an investigator 

after surgery. The strengths of this study design were that the intraoperative period was 

controlled, and every patient received the same combination of anti-emetic prophylaxis. To 

improve on the study, although requiring more resources, the postoperative period could 

also have been controlled. 

 

5.5.2 STUDY METHODOLOGY 

 

The patients recruited into the study had a wide range of first languages. In order to prevent 
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communication difficulties after recruitment, patients were only recruited if they 

understood the visual analogue scale and other questions on the study questionnaire 

adequately. This may have introduced a selection bias, as only patients with a certain level 

of education and possibly a certain level of socioeconomic status were recruited into the 

trial. If there was difficulty in questioning the patient after surgery, translated questions 

were available to use in order to facilitate communication. 

 

Only one researcher was available to interview the patients postoperatively. This resulted in 

reliance on nursing records, as was initially planned in the protocol. Unfortunately, the 

accuracy of the nursing records with regard to postoperative opioid and antiemetic 

administration was questionable, and only those records which were meticulously 

completed were included in the study. This resulted in an incomplete assessment of 

patients’ postoperative opioid and antiemetic use.  

 

Patients of mixed ethnicity were to be included in the non-black patient group. The 

potential limitation of this strategy was that the data from the non-black group would be 

skewed in an unknown manner with regard to the risk of PONV. However, there were no 

patients of mixed ethnicity available to recruit as potential subjects for the study, and 

therefore this limitation was not realised. 

 

5.5.3 DATA ANALYSIS 

 

The number of patients ultimately recruited was much lower than that planned, once again 

due to researcher availability and time constraints, but also due to a low rate of admission 

of eligible patients (most of the patients presenting to this tertiary academic hospital met  

multiple exclusion criteria and were not recruited). This affected the power of the study, but 

after numerous consultations with statisticians, it was decided that the final numbers were 

adequate in order to answer the questions of the study. 
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CHAPTER 6 - SUMMARY, IMPLICATIONS, RECOMMENDATIONS AND CONCLUSION 
 

This chapter concludes the thesis and includes a summary of the study, followed by practice 

implications, future research recommendations and a conclusion. 

 

6.1 SUMMARY OF THE STUDY 

 

6.1.1 PROBLEM STATEMENT 

 

PONV is a multifactorial and complex phenomenon that is extremely unpleasant and 

potentially costly. Prophylactic measures are only cost effective, and less harmful in patients 

at high risk for PONV. Anecdotally, black South African patients were considered to have a 

lower incidence of PONV. There has been little prospective work done on assessing ethnicity 

as a risk factor for PONV in South Africa. 

 

6.1.2 AIM 

 

To compare the effect of ethnicity on the incidence of PONV in moderate to high risk black 

versus non-black South African patients undergoing general anaesthesia.  

 

6.1.3 OBJECTIVES 

 

To determine and compare the incidence of PONV in moderate to high risk black and 

non-black South African patients. 

 

6.1.4 METHODOLOGY 

 

A prospective, controlled observational study was carried out. After ethics approval and 

informed consent, 95 patients at high risk for PONV undergoing surgery under general 

anaesthesia were enrolled onto the study over a period of 20 months. 89 patients fulfilling 
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the inclusion criteria were divided according to race into two cohorts. Ondansetron and 

dexamethasone were used as PONV prophylaxis after induction of general anaesthesia. 

Propofol was used as the induction hypnotic with isoflurane to maintain anaesthesia. 

Nitrous oxide, ketamine and droperidol were avoided. Use of analgesics was unrestricted, 

but neuraxial and nerve plexus regional anaesthesia were avoided. A maximum of 2.5mg of 

neostigmine was given to reverse neuromuscular blockade. Nausea and vomiting were 

assessed by means of a visual analogue scale and questionnaire in the recovery room and 

ward. Time intervals to assess degree of PONV were 0 hours (defined by first assessment of 

a modified Aldrete recovery score of at least 9 out of 10 and Glasgow Coma Scale score of 

14 out of 15), 15 minutes, 90 minutes, 180 minutes, and 24 hours. Reports of incidents of 

vomiting and complaints of nausea between interviews were obtained from patients 

through questioning. 

 

6.1.5 RESULTS 

 

There were 59 black participants and 30 non-black participants. There were 17 males and 72 

females. There were no differences in the black and non-black groups with regard to 

gender, past history of motion sickness, past history of post operative nausea and vomiting, 

ASA status, smoking and anaesthetic time (p>0.05). There was a significant difference in the 

distribution of surgical procedures in the black and non-black participants (Mann Whitney U 

test, p= 0.02), although this did not affect the final result. 

On univariate analysis there were significant correlations between black South African 

ethnicity and nausea at all time intervals and also vomiting. Using multivariate regression 

analysis, non-black South African ethnicity was identified as a risk factor for PONV. It was 

found that black South African patients were protected against PON, with a RR of 0.41 (95% 

CI, 0.28-0.60). 

 

6.2 IMPLICATIONS OF THIS STUDY 

 

PONV is a distressing and potentially costly complication of general anaesthesia (3,4). The 

use of anti-emetic drugs is associated with cost, and a number of potential side effects. 
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Therefore, scoring systems have been developed in order to assess the risk of PONV in 

patients preoperatively (1,6,12). According to this risk stratification, patients will be given 

either no prophylaxis, or single/multiple agent prophylaxis.  

 

We have shown in this study that black South African patients are protected against PONV, 

and have a lower risk than that predicted by existing scoring systems. These scoring systems 

were developed in the northern hemisphere, predominantly in affluent countries, and may 

not be appropriate for use in South Africa. The use of a scoring system may result in 

over-estimation of PONV risk in our patient population, and this may result in excess cost 

and side-effects from the inappropriate administration of anti-emetic prophylaxis. A 

modified scoring system needs to be developed for use in South Africa that includes black 

South African ethnicity as a protective factor. 

 

Since ethnic groups have discrete genetic origins, a lower incidence of PONV may reflect the 

existence of a unique genetic polymorphism in the South African black patient. 

Identification of this polymorphism could improve our understanding of the molecular 

mechanisms underlying PONV. Sociocultural and psychological issues may also play a role in 

the risk of PONV in the black South African population. 

 

6.3 FUTURE RESEARCH SUGGESTIONS 

 

Further work needs to be done to confirm the reduction of risk of PONV in black South 

African patients. A larger powered study is necessary in order to achieve this aim. This trial 

should also have a prospective controlled design.  

 

Other trials should examine variation in genetic polymorphisms in this population group, 

perhaps examining the number of CYP2D6 alleles, or the presence of mu-opioid receptor 

polymorphisms, and correlating those with the risk of PONV.  

 

Psychological and socioculturual factors also need to be examined. This may be achieved by 

extending an incidence/risk factor study, such as this one, into the private sector. The 
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private sector in South Africa serves the more affluent members of the population who have 

different living circumstances, social stressors and educational status than patients that seek 

health care in state facilities. This may show that black South Africans who have a higher 

socioeconomic and education level, have a similar risk of PONV to that of non-black South 

Africans.  

 

6.4 CONCLUSION 

 

In this study we found that black South African ethnicity reduced the risk of PONV as 

compared with non-black South African ethnicity. We found that non-black South Africans 

had a similar risk of PONV to that published in international literature and predicted by the 

Apfel score, whereas the risk of PONV in similar Apfel scored black South African patients 

was much lower.  
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APPENDIX A - STUDY QUESTIONNAIRE 
 

Post operative nausea and vomiting study questionnaire: 

Date (dd/mm/yyyy):  

Time of induction of anaesthesia (hhmm): 

Time of return of airway reflexes (hhmm): 

Time of entry into recovery area (hhmm): 

 

Home Language:    

1- English, 2- Afrikaans, 3- isiNdebele, 4- isiXhosa, 5- isiZulu, 6 – Sepedi, 7- Sesotho, 8- 

Setswana, 9 – siSwati, 10 – Tshivenda, 11 – Xitsonga 

Assessment of nausea: 

(Read questions off appropriate language card or show patient question on card)  

 

0 minutes:  Date(dd/mm/yyyy):  Time (hhmm):  

GCS (Min 15/15): E:  V:  M:  Total GCS/15: 

"Do you feel nauseous?"  Yes     No   

Nausea Score (1-10) on visual analog scale:  

Episode of vomiting?    Yes     No  

Rescue antiemetic received?  Yes     No  

Time(hhmm):   Drug Name:    Dose: 

 

 

15 minutes:  Date(dd/mm/yyyy):  Time(hhmm): 

 "Do you feel nauseous?"  Yes     No   

Nausea Score (1-10) on visual analog scale:  

Episode of vomiting since previous assessment?  Yes     No  

Rescue antiemetic received?  Yes     No  

Time(hhmm):   Drug Name:    Dose: 

 

90 minutes:   Date(dd/mm/yyyy):  Time(hhmm): 

"Do you feel nauseous?"  Yes     No   
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Nausea Score (1-10) on visual analog scale:  

Episode of vomiting since previous assessment?  Yes     No  

Rescue antiemetic received?  Yes     No  

Time(hhmm):   Drug Name:    Dose: 

 

180 minutes:   Date(dd/mm/yyyy):  Time(hhmm): 

"Do you feel nauseous?"  Yes     No   

Nausea Score (1-10) on visual analog scale:  

Episode of vomiting since previous assessment?  Yes     No  

Rescue antiemetic received?  Yes     No  

Time(hhmm):   Drug Name:    Dose: 

 

24 hours:  Date(dd/mm/yyyy):  Time(hhmm): 

"Do you feel nauseous?"  Yes     No   

Nausea Score (1-10) on visual analog scale:  

Episode of vomiting since previous assessment?  Yes     No  

Rescue antiemetic received?  Yes     No  

Time(hhmm):   Drug Name:    Dose: 
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APPENDIX B - VISUAL ANALOGUE SCALE 
 

 

How bad is your nausea now? Place a vertical mark on the line below to  

indicate how bad you feel your nausea is now.  

 

 No symptoms            Worse Possible 

               Symptoms  

     0     1    2     3     4      5     6     7      8     9      10  (or Vomiting) 
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APPENDIX C – Modified Aldrete and Glasgow coma scale scores 
 

MODIFIED ALDRETE RECOVERY SCORE 

Activity  Points 

   

Able to move, voluntarily or 
on command 

Four extremities 
Two extremities 
No extremities 

2 
1 
0 

Respiration Able to breathe deeply and cough 
freely 
Dyspnoea, shallow or limited 
breathing 
Apnoea 

2 
 
1 
 
0 

Circulation BP within 20mmHg of preop 
BP within 20-50mmHg of preop 
BP more than 50mmHg of preop 
level 

2 
1 
0 

Consciousness Fully awake 
Arousable on calling 
Unresponsive 

2 
1 
0 

Oxygen Saturation Saturation > 92% 
Needs oxygen to maintain sats 
>90% 
Saturation <90% with oxygen 

2 
1 
 
0 

Nine or more points are required for recovery to be confirmed 

 

GLASGOW COMA SCALE 

 1 2 3 4 5 6 

Eyes Does not 
open eyes 

Opens eyes in 
response to 
pain 

Opens eyes in 
response to 
voice 

Opens eyes 
spontaneously 

N/A N/A 

Verbal Makes no 
sounds 

Incomprehensi
ble 

Slurred speech, 
muttering 

Confused, 
disoriented 

Oriented, 
converses 
normally 

N/A 

Motor No 
movements 

Extension to 
pain 
(decerebrate) 

Abnormal 
flexion to pain 
(decorticate) 

Flexion/ 
withdrawal to 
painful stimuli 

Localises 
painful 
stimuli 

Obeys 
commands 
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APPENDIX D - PATIENT INFORMATION LEAFLET 
 

Patient Information Leaflet: Post operative nausea and vomiting study 

My name is Dr A Alli I am a doctor in the Department of Anaesthesia of this hospital. 

1. You are invited to consider taking part in a research study. Your participation in this study is entirely 
voluntary. 

2. Before agreeing to participate, it is important that you read and understand the following explanation 
of the purpose of the study, the study procedures, benefits, risk, discomfort, and precautions, and 
your right to withdraw from the study at any time. This information leaflet is to help you to decide if 
you would like to participate. You should fully understand what is involved before you agree to take 
part in the study.  

3. If you have any questions, do not hesitate to ask me. You should not agree to take part unless you are 
satisfied with all the procedures involved. 

4. If you decide to take part in this study, you will be asked to sign this document to confirm that you 
understand the study. You will be given a copy to keep. 

5. If you have a personal doctor, you may discuss with or inform him/her of your possible participation 
in this study. If you wish, I can also notify your personal doctor in this regard. 

6. Purpose of this study and study procedures:  
- You have been diagnosed with a surgical problem that requires surgery under general 

anaesthesia. Due to the nature of the surgery, and the length of anaesthesia, you are at 
risk for developing nausea and vomiting after awaking from general anaesthesia.   

- You will be assigned to one of two patient groups. This will be dependent on your past 
medical history as well as your ethnic origin.  

- The purpose of the study is to assess your risk for nausea and vomiting after general 
anaesthesia.  

- We will inform the anaesthetist responsible for administering your anaesthetic about your 
participation in this study.  He or she will follow the study guidelines regarding aspects of 
the anaesthetic. This is so that all the participants in the study receive a similar anaesthetic. 
I want to assure you, that despite the study guidelines regarding the anaesthetic, you are 
at no additional risk of complications from general anaesthesia.  As part of the 
anaesthetic you will receive medication that will reduce the risk of post-operative nausea 
and vomiting. This is standard medication and is not different to what patients that are not 
involved in this study would receive.  

- Either myself or one of the other investigators involved in this study will assess you as you 
enter the recovery area after your procedure. We will ask you standard questions. These 
will assess if you are nauseous. Once you have been taken to the surgical ward, we will 
observe you and ask you the same questions in intervals over a period of 24 hours. You will 
also be monitored by nursing staff, and recordings of the times that you feel like vomiting 
or actually vomit, will be made.  

- The amount of time required for your participation will be approximately 24 hours. 
7. Right as a Participant in this Study: 

- Your decision to participate in this study is entirely voluntary. You may withdraw from 
the study at any time without stating a reason. 

- If you disagree to be a participant in this study, this will not affect your medical 
treatment at all.   

- If you decide to participate in the study, but change your mind at a later stage, we will 
remove all your information from the study and this will not impact on the care you will 
receive.  

- Your health information will be treated as completely confidential, and will only be 
available to the researchers involved in this study. Your name will not appear in any of 
the documentation of any kind in this study.  

- There may be no benefit to you from participation in the study. Your participation in this 
study will contribute to medical knowledge that may help other patients that, like you, are 
at risk for post operative nausea and vomiting. It will also not harm you in any way 
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8. Ethics: 
- The clinical study protocol has been submitted to the University of the Witwatersrand, 

Human Research Ethics Committee (HREC) and is awaiting written approval. The study has 
been structured in accordance with the Declaration of Helsinki (last updated: October 
2000), which deals with the recommendations guiding doctors in biomedical research 
involving human participants. A copy may be obtained from me should you wish to review 
it.  

 

Before you decide whether you will participate or not, do you have any questions? 

The 24-hour telephone number through which you can reach me or another authorized person is 082 718 

4989. 

If you want any information regarding your rights as a research participant, or have any complaints regarding 

this research study, you may contact Prof. Cleaton-Jones, Chairperson of the University of the Witwatersrand, 

Human Research Ethics Committee (HREC), which is an independent committee established to help protect 

the rights of research participants at (011) 717-2301 

 

The University of the Witwatersrand, Human research Ethics Committee (HREC), might also inspect the 

information. They will utilize these records only in connection with carrying out their obligations relating to 

this clinical study. 

Please indicate below, whether you want me to notify your personal doctor or your specialist of your 

participation in this study: 

- Yes, I want you to inform my personal doctor/specialist of my participation in this study. 
- No, I do not want you to inform my personal doctor/specialist of my participation in this study. 
- I do not have a personal doctor/specialist 
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APPENDIX E - CONSENT FORM 
 

CONSENT FORM 

I hereby confirm that I have been informed by the study doctor _____________ about the nature, 

conduct, benefits and risk of clinical study, The effect of race on the incidence of post operative 

nausea and vomiting in moderate to high risk patients in South Africa:  A prospective 

observational study 

 

I have also received, read and understood the above written information (Participant Information 

Leaflet and Informed Consent) regarding the clinical study. 

I understand that some information about me will be collected (my age, gender, weight, smoking 

status, history of motion sickness or previous post operative nausea and vomiting, the surgical 

diagnosis and the type of surgery, details of the anaesthesia), and I understand that all my 

information will be given a special code so that no one will be able to trace it back to me. I 

understand that my name and hospital number will be kept separate from my information, and will 

be locked away. I understand that my participation is entirely voluntary and that I can pull out of the 

study at any time. 

I have had sufficient opportunity to ask questions and (of my own free will) declare myself prepared 

to participate in the study.  

PARTICIPANT 

______________________________________________________________ 

Printed Name       Signature/Mark of Thumbprint                Date and Time 

STUDY DOCTOR 

________________________________________________________________ 

Printed Name   Signature            Date and Time  

TRANSLATOR/OTHER PERSON EXPLAINING INFORMED CONSENT______________(DESIGNATION) 

 

Printed Name     Signature     Date and Time 

WITNESS (If applicable) 

 

Printed Name    Signature    Date and Time 



114 
 

APPENDIX F - ETHICS CLEARANCE LETTER 
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APPENDIX G - PERMISSION FROM THE STUDY HOSPITAL’S MANAGEMENT 
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