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1

 History of postoperative 
nausea and vomiting        
    Johan   Raeder     1 

     Chapter 

   Nausea and vomiting for species survival 
 Th roughout the evolution of species, some vital ways of protecting the organism against 
dangerous material and impact from the surroundings have developed. Th e pain response is 
well known;  if an animal gets in contact with noxious stimuli, the pain response will initi-
ate an immediate withdrawal and subsequent learning of protective behavior for the future. 
Similarly, if the skin gets in contact with harmful agents, a rash may develop and in case of 
contaminated food or water, a strong smell may sometimes act as an important warning 
sign. If by accident or ignorance we ingest dangerous items, there are systems to help us, 
such as the strong cough refl ex when solids or fl uids get into the airway.   If we eat or drink 
substances that may be poisonous, diarrhea may help to clean the gastrointestinal cavities 
from substances otherwise absorbed. Nausea and vomiting also fi t into this context. If we 
eat something potentially toxic, the rapid and very forceful expulsion of gastric and duo-
denal contents will remove the potentially dangerous substance before absorption into the 
blood. For this reason we need receptors, such as the   serotonin 5-hydroxytryptamine type 
3 (5-HT 3 ) receptors on the intraluminal surface of the gastric canal, to register potentially 
toxic contents inside the gut. Further, it may be of help to have receptors in close contact 
with the systemic circulation if a toxic substance starts to be absorbed from the gut into the 
blood  . In such cases, vomiting may limit the amount of substance that presents for absorp-
tion and also stop the oral intake of a larger amount. Whereas vomiting is a somewhat auto-
matic, forceful, brainstem response not requiring intellectual or deliberate decision-making, 
nausea as a subjective experience is diff erent. For obvious reasons we do not know if animals 
have developed the feeling of being nauseated,   but in humans nausea may be a strong source 
for learning. Th e prolonged, unpleasant feeling of being nauseated will tell us about food and 
situations we should avoid in the future. Th e general feeling of nausea during hypoxia, hypo-
tension and many cases of systemic disease, may also be an important warning about the 
inappropriateness of eating or drinking in situations where the body is not ready for what 
was ingested. From a learning point of view, it is interesting to see that younger individuals 
have a stronger nausea and vomiting response than the elderly, who may supposedly have 
learnt lessons throughout previous experiences.   It is also a little intriguing that nausea is so 
common in the fi rst trimester of pregnancy, a phase where the fetus is particularly vulner-
able to substances in the mothers’ blood, which may cause damage to the genetic transmis-
sion and subsequent organ formation  .   

   Postoperative Nausea and Vomiting:  A  Practical Guide , eds. Tong Joo Gan and Ashraf S.  Habib. 
Published by Cambridge University Press. © Cambridge University Press 2016.  
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Chapter 1: History of postoperative nausea and vomiting2

 Th e body has developed very useful physiologic responses to external poisons, some-
what like the well-designed physiologic nociceptive responses to trauma. Th ese responses 
have obviously not been modifi ed by the slow process of species evolution to fi t into the 
development of surgery and anesthesia throughout the last two centuries. In this context, the 
trauma response, and particularly the postoperative nausea and vomiting (PONV) response, 
are mostly inappropriate as they may cause extra hazards for the patients and obviously great 
discomfort if they are not prevented or relieved  .  

  Three facets of PONV: danger, discomfort and economic cost 
 Th e three important aspects of most problems or measures in modern medicine are the 
danger, the discomfort and the economic cost, and it may be helpful to view PONV in this 
context. Th e priority and ranking of these three aspects have varied throughout history, but 
also as a result of standpoint and philosophy of the player in question. 

   In the early days of surgery and anesthesia,   mortality was high and obviously the poten-
tial for improving safety was large. Even during the very fi rst cases of general anesthesia with 
ether in the 1840s, some patients vomited gastric contents into the lungs and subsequently 
died from suff ocation or aspiration pneumonia.   From this experience the concept of having 
an empty stomach before surgery evolved and probably saved many lives  . For this reason, a 
review by Smith in 1934 designated vomiting as the most feared complication with general 
anesthesia[ 1 ], a conclusion repeated by Morton and Wylie in 1951[ 2 ]. In a survey of 1,000 
anesthetic deaths as late as in 1956, Edwards et al. reported 110 cases (11%!) with vomiting 
and aspiration as the main causative factor  [ 3 ]. 

 From a safety point of view, vomiting is defi nitely the key issue;  nausea is unpleasant but 
not so dangerous. Th us,   most of the early reports were only concerned with the incidence 
of vomiting. Also in the past, a subjective symptom, such as nausea, was more or less not 
registered as the patients were very drowsy and had amnesia for a prolonged period aft er 
surgery  . In the 1930s and 1940s, there were vivid discussions on whether ether and cyclopro-
pane should be abandoned in favor of new intravenous (IV) agents such as the barbiturates, 
which were introduced by 1927. Vomiting was a strong argument against the old inhala-
tional agents, whereas the dangers of hypotension and strong respiratory depression were 
arguments against the IV drugs. 

   Th e development of the fi rst successful local anesthetic block by Carl Koller in eye sur-
gery may be regarded as a result of quality improvement as early as in 1884. Th e eye surgeons 
noted the very high frequency of vomiting associated with eye surgery under ether anesthe-
sia, with subsequent straining of the delicate structures of the newly operated eye as well as 
great discomfort for the patients. Th us, the development of cocaine for local anesthetic eye 
blocks and the subsequent development of locoregional anesthetic drugs and techniques 
in general, may also be viewed as a result of concern regarding vomiting as a quality prob-
lem. Hence, as general anesthesia became much safer aft er the Second World War and also 
through developments of new drugs and equipment in the 1980s and 1990s, the importance 
of quality became stronger. As safety problems arose much less frequently, focus turned into 
other issues such as quality;  as patients were more customer-orientated, they started to ask 
not only for safety but also for improvement in quality. As numerous diff erent techniques 
and means to address the PONV problem became available, the interest in this issue clearly 
increased.   
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Chapter 1: History of postoperative nausea and vomiting 3

   Until the last 20–30  years, most limitations in healthcare in the Western World were 
caused by lack of evidence-based knowledge and drugs. Th is has dramatically changed 
in the last few decades. Th e vast development of eff ective, but oft en expensive, methods 
for diagnosis and treatment in many areas combined with an increasing elderly popula-
tion have widened the scope of potential medical services extensively, putting economy 
or more precisely value for money, into the forefront. As PONV is not currently regarded 
as a safety issue but merely a short-lasting quality problem, the cost–benefi t discussions 
in this area have been quite extensive. Some of the new specifi c antiemetic drugs, such as 
5-hydroxytryptamine type 3 and neurokinin type 1 (NK 1 ) antagonists, have been regarded 
as expensive, and the potential gain in terms of better quality and less need of nursing care 
is weighted against drug acquisition costs. Of note, many of the 5-HT 3  antagonists are now 
available in generic formulation, and hence less costly  .  

  PONV in science: epidemiology, basic science and clinical research 
 Nausea and vomiting are very common symptoms, experienced by virtually all individuals 
throughout a lifespan, although with very diff erent duration and intensity. In spite of this 
fact, the research into this area has been limited and not highly ranked in priority. Th e rea-
sons may be numerous: the symptoms rarely cause death or permanent disability;  the eco-
nomic interests in terms of profi t from drugs have, until recently, been quite limited;  and 
experimental or   animal models of vomiting have been diffi  cult to develop. Rats and mice 
do not vomit, and behavior and sensitivity in terms of vomiting show species diff erences in 
ferret, shrew and dog  . 

   However, by the turn of the nineteenth century, theories were present for both gastric 
emetic receptors and a   vomiting center in the brain. In 1891, Th omas abolished the emetic 
response to apomorphine in dogs by destroying a portion in the medulla oblongata[ 4 ]. 
Authoritative reviews on the physiology of vomiting were written in 1924 by Hatcher[ 5 ] 
and in 1953 by Borison and Wang [ 6 ], summing up the knowledge present at the time. In 
the fi rst half of the century, there were vivid discussions as to the location and nature of the 
vomiting center from somewhat confl icting animal data. Some clarifi cation of these issues 
were provided by the description in 1939 by Wang and Borison of the   chemoreceptor trig-
ger zone in the area postrema   as a receptor site for emetic agents in the blood  [ 7 ]. Attempts 
were made to put the emetic actions of anesthetics into the map laid out by basic scientists. 
In 1912, Ferguson had discussions on whether   ether caused vomiting by diff using into the 
intestinal lumen, thus acting on localized receptors in the wall, or whether a systemic emetic 
eff ect of ether in the blood reaching the brain was more important  [ 8 ]. Based on these the-
ories, there were some controversial reports on the use of olive oil to protect the intestinal 
receptors, potentially reducing vomiting if ingested before general anesthesia. Telford and 
Falconer launched another theory in 1906, pointing to acidosis as a cause of emesis, being 
relieved by an infusion of glucose with insulin. It was not until the 1950s and 60s when 
causative pathways of PONV were laid out. However, the current detailed knowledge of 
receptor involvement in PONV is still quite new and the elucidation of intracellular mecha-
nisms even younger and still not completely understood. Although the antiemetic action 
of anticholinergics was already noted by Brown Seguard in 1883 and later by Fraser, the 
histamine and dopamine receptors role was not described until the 1950s.   Th e important 
clinical observation of high-dose metoclopramide being signifi cantly more eff ective against 
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Chapter 1: History of postoperative nausea and vomiting4

nausea during chemotherapy treatment[ 9 ] led to the search for a new receptor with a low 
metoclopramide affi  nity being stimulated only by high doses. Th is resulted in the discovery 
of the 5-HT 3  receptor as an important player in the etiology of PONV  . During the 1980s, the 
technology of radioligand techniques for identifi cation and study of protein receptors and 
ligands was developed. Such techniques became important tools in identifi cation, localiza-
tion and classifi cation of antiemetic drugs and mechanisms. 

     Further studies of basic emetic physiology also identifi ed the NK 1  receptor as an interest-
ing target for antiemetic treatment[ 10 , 11 ]. NK 1  antagonists have gained widespread use in 
cancer chemotherapy and are presently being explored successfully for PONV. Th ey seem to 
have fairly similar effi  cacy and duration on nausea compared with the 5-HT 3  blockers, but a 
somewhat better eff ect against vomiting. Aprepitant is best documented at present[ 12 ], but 
other substances of this drug class seem to be equally promising  . 

 Another area of interesting research is the elucidation of   the cannabinoid receptors, 
which, in contrast to others receptors involved with PONV, seem to provide antiemesis by 
agonist action rather than antagonism[ 13 ]. Th is has led to the search for an endogenous 
antiemetic substance, as well as interest in developing drugs from the cannabis family[ 14 ], 
which are known to be eff ective antiemetics when smoked for recreation or as a part of ter-
minal care in cancer patients  . 

 Basic research into nausea and vomiting has evolved substantially during recent 
years[ 15 ]. A potential role of a calcium block in the attenuation of vomiting[ 15 ] has been 
shown, surprisingly also shared by a   dual eff ect of opioids: high opioid dose that penetrates 
into deeper central nervous system structures may actually have an antiemetic eff ect  [ 16 ]. 
  Th e role of serotonin is also very complex; some of the seven subclasses of receptors may 
be emetic, whereas others are potentially antiemetic  [ 15 , 17 ]. Excellent reviews with many 
papers on the basic physiology of nausea and vomiting are found in a recent dedicated issue 
of the  European Journal of Physiology     [ 18 ]. 

   Much of the knowledge about PONV has emerged through epidemiologic observa-
tions. Th ese have been relatively simple to perform because so many surgical patients 
experienced PONV, and therefore it has been easier to account for some possible causa-
tive factors of PONV. In 1883 Fraser and Brown Seguard reported that morphine, ether 
and cyclopropane caused emesis per se, and in 1899, Blumfeld and Cantab[ 19 ] made the 
observation that the type of surgical procedure had an infl uence on the incidence. In this 
report there was an incidence of 75% of vomiting aft er ether anesthesia, with a higher fre-
quency aft er intraperitoneal surgery. In a review from 1934, Smith provided a list of risk 
factors: travel sickness, intra-abdominal surgery, preoperative hunger, preoperative anxiety 
and elective (!) surgery[ 1 ]. He also discussed the impact of   anesthetic drugs, noting that 
chloroform and ether were the worst agents in this aspect, but best in an overall evaluation 
of anesthetic quality in terms of relaxed muscles and adequate ventilation, respectively.   In 
1928, Scrager reported more frequent vomiting in patients with gallbladder distention, and 
in 1941, Davis made the observation of more vomiting in women than males[ 20 ]. In a re-
view from 1954, Dent et al. add hypoxia, dehydration, toxins in blood and stimulation of 
the brain nerves to previous lists of causative factors  [ 21 ]. 

   It is interesting in this context to note that the publications throughout the fi rst 100 years 
of general anesthesia in humans almost exclusively deal with vomiting, mostly because of 
the association with aspiration into the lungs as the only life-threatening aspect, but prob-
ably also because vomiting is very easy and objective to record, whereas nausea may have 
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Chapter 1: History of postoperative nausea and vomiting 5

been considered a minor symptom and not worth much attention. However, in one area 
  nausea was recognized quite early on as a major problem, namely the area of chemother-
apy treatment for cancer. As eff ective IV chemotherapeutics became in use as prolonged 
infusions for several days in many patients, the problems of nausea causing insuffi  cient oral 
intake as well as diminished patient motivation and compliance with the treatment came 
into focus  . Also, during the 1950s and 1960s, the increased use of more rapidly cleared anes-
thetic drugs, such as barbiturates, new opioids and halothane, made nausea a specifi c prob-
lem in awake postoperative patients more evident in the recovery areas  .   Th e development 
of neuroleptic anesthesia was important in this aspect, as the addition of fairly high doses of 
neuroleptic drugs to opioids led to progress in terms of reducing the incidence of PONV. It 
was then realized that high doses of neuroleptics frequently caused dysphoria and low doses 
of   droperidol were equally eff ective in an antiemetic context. Subsequently, in recent years a 
black box warning was put on droperidol by the US Food and Drug Administration due to 
very rare reports of potential association with QT prolongation leading to arrhythmias. Th is 
problem was hardly considered in Europe and other places, and also in the USA there is an 
ongoing debate on the validity of this issue  [ 22 ]. 

 A further major step in the direction of more rapid and clear-headed recovery was 
the marketing of modern drugs by the end of the twentieth century with even more rapid 
decline of eff ect aft er use, such as midazolam, sevofl urane, desfl urane, propofol, alfentanil 
and remifentanil  . 

   A dramatic shift  towards ambulatory surgery during the 1980s and 1990s was another 
important trend, made possible by the development of new surgical methods, new anes-
thetic drugs, and a general change in attitude and reimbursement model in the USA. Th is 
put forward the aspects of PONV:  apart from pain and surgical complications, PONV 
became the most frequent obstacle in early ambulation and discharge. As safety is almost 
100% maintained in modern ambulatory anesthetic care, the aspects of patient quality and 
comfort have been put at the forefront, with absence of PONV as a very important goal. Th e 
frequently cited statement of Kapur in an editorial in 1991 makes a good sum-up of this 
development: PONV – the big “little problem  ”[ 23 ]. 

   PONV in children has also been increasingly addressed as there are some pediatric sur-
gical procedures with a very high frequency of PONV, and aspects of heredity have been 
highlighted as a useful tool in individual PONV prediction  [ 24 ].  

  Specifi c antiemetic drugs 
   Although anticholinergics, especially atropine, have been known to be eff ective antiemet-
ics for more than 100 years, it was during the 1950s that interest in drugs for treatment 
and prophylaxis of PONV became more evident[ 25 ].   In a nonrandomized study from 
1955, Dent noted a reduction in overall PONV from 27% to 21% in 3000 patients when 
the antihistamine cyclizine was used for prophylaxis  [ 21 ]. One reason for this low inci-
dence of PONV may have been that a high fraction of patients received regional or spinal 
anesthesia, and it was noted that these techniques resulted in less PONV than   barbitu-
rates, which again was better than cyclopropane or ether. In a randomized double-blind 
study of 554 patients from 1956, Knapp and Beecher reported a signifi cant benefi cial 
eff ect of using barbiturate for general anesthesia  , particularly when combined with   chlor-
promazine prophylaxis[ 26 ]. However, it was also noted that the gain in terms of less 
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Chapter 1: History of postoperative nausea and vomiting6

PONV was at the cost of a higher incidence of hypotension and postoperative fatigue. 
In a study of 2500 cases in 1957, Burtles and Peckett reported less PONV aft er prophy-
laxis with either promethazine or chlorpromazine[ 27 ]. He also noted that the younger 
patients had a higher tendency for PONV than the elderly. Further, throughout the 1950s 
and 60s, there was an increasing number of publications refi ning the use of neuroleptics, 
anticholinergics and antihistamines for PONV[ 28 ]. In 1970, Lind and Breivik published 
a double-blind study on the eff ect of metoclopramide, which soon became a drug of 
choice for fi rst-line treatment of PONV  [ 29 ]. 

   During the 1980s and 90s, much eff ort and money was put into the development and 
documentation of ondansetron, and later other 5-HT 3  antagonists, as eff ective antiemet-
ics[ 30 ]. In 2004, Apfel et al. published a very important, large and impressive paper on risk 
factors and antiemetic drug eff ects, stating an equal and additive eff ect of neuroleptic, gluco-
corticoid and 5-HT 3  prophylaxis[ 31 ]. 

 Although anesthetic drugs such as ether, desfl urane[ 32 ] and opioids are usually associ-
ated with causing PONV, propofol was soon recognized to result in less PONV than other 
agents, and evidence in the late 1980s actually suggested that it had a specifi c antiemetic 
action[ 33 , 34 ].  

  The 5-HT 3  receptor antagonists story 
 Th e development of specifi c serotonin 5-HT 3  antagonists became a milestone in the treat-
ment and prophylaxis of PONV in many ways[ 35 ]  – not because these drugs provide a 
solution to the problems of PONV (when carefully reviewing the data, these drugs are not 
substantially better than neuroleptics that were already being used for the management of 
PONV), but because the 5-HT 3  antagonists represent a class of drugs specially designed 
by the industry to deal with PONV as well as emesis during chemotherapy. Further, they 
represent very clean drugs with a specifi c action and very few serious side eff ects[ 36 ], as 
well as presenting a major step forward in the understanding of the receptor physiology and 
mechanisms of PONV. Although some small groups made the fi rst satellite publications on 
these drugs[ 37 ], the introduction of ondansetron as the fi rst representative for this drug 
class made way for large, well-designed and well-controlled multicenter trials of PONV[ 38 ]. 
Some criticism was raised, however, as to the handling of drug and therapy development by 
a single pharmaceutical company:  the studies were mostly versus placebo and not versus 
viable alternatives;  the studies were mostly in high-risk patients with sometimes subopti-
mal (in terms of reducing PONV) anesthetic care;  and some negative studies were not pub-
lished. However, as ondansetron became released for general use and a lot of new “-setrones” 
have made their way to clinical use (e.g., tropisetron, granisetron, dolasetron, palonosetron, 
etc.), the research and marketing of these drugs became more balanced. Although ondanse-
tron was developed and investigated mostly in the western countries, the Fujii group from 
Japan was very active in testing   granisetron  [ 39 ]. However, the validity of their research was 
severely questioned and their publications on this issue have later been withdrawn by most 
major journals[ 40 ]. 

 A further development with 5-HT 3  receptor antagonists was the introduction of 
long-acting drugs, such as   palonosetron  , with an elimination half-life of almost 2 days. Th is 
may be very useful in the setting of postdischarge nausea and vomiting, but the studies 
have so far probably been underpowered to show a signifi cant prolonged antiemetic eff ect 
beyond 24 h  [ 15 , 41 ].  
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Chapter 1: History of postoperative nausea and vomiting 7

  Adjunctive drugs and other therapy 
 Apart from using specifi c antiemetic drugs, a lot of observations and research has been done 
with many drugs and nonpharmacologic measures to reduce the incidence of PONV. In the 
1860s, Snow used   morphine premedication in order to relieve anxiety and risk of vomiting 
in his patients[ 42 ]. Although opioids are basically emetogenic, the observations of Snow 
fi ts with the study of Andersen and Krohg from 1976 showing the antiemetic eff ect of treat-
ing concomitant pain and nausea with opioids  [ 43 ]. Another confl icting observation is that 
while stress, anxiety and   catecholamines may induce PONV, ephedrine is a very eff ective 
antiemetic, not only as a means to prevent hypotension but possibly through a specifi c anti-
emetic eff ect  [ 44 ]. Adrenergic stimulation and activation is a complex area in physiology 
with a somewhat dual action in the PONV context[ 15 ]. Th e   antiemetic eff ect of corticoster-
oids was fi rst noticed by oncologists treating brain edema from metastases. Subsequently, 
the antiemetic eff ect of these drugs for PONV has been widely reported, although the mech-
anism is still debated[ 45 , 46 ]. Th e groups of Liu and Wang have published extensively on 
dexamethasone, elucidating the eff ective dose in diff erent clinical settings    [ 45 , 47 ]. 

   Another exciting area is the nonpharmacologic measures. It has been known that clas-
sical Chinese acupuncture at the P6 point (the sixth point along the pericardial meridian) is 
eff ective against seasickness. Th is has later been confi rmed to be an eff ective measure in the 
treatment and prophylaxis of PONV[ 48 ]. More modern applications of the same concept 
have been sought for and demonstrated to be eff ective, such as transcutaneous electrical 
stimulation by a dedicated device  [ 49 ]. 

   Further, it is also an ongoing discussion as to whether sedative drugs, such as the ben-
zodiazepines, are true antiemetics or merely result in less reports of the subjective feeling of 
nausea due to their general eff ects on well-being  [ 50 ].  

  PONV in anesthetic training and practice 
   PONV is a well-defi ned clinical entity and has a lot of “classical” aspects such as: mecha-
nisms, etiology, epidemiology, pharmacology, economy, clinical eff ects and side eff ects. For 
this reason, the topic lends itself easily to reviewing, and throughout the last 70 years a lot of 
authoritative and frequently cited reviews have been published in the major journals. One of 
the fi rst was by Smith in the  British Journal of Anaesthesia  in 1934, dealing only with vomit-
ing[ 1 ]. Dent et al. (1955)[ 21 ], Riding (1960)[ 51 ], Belleville et al. (1960)[ 52 ], Purkis (1964)
[ 53 ], Dundee et al.[ 54 ] and Janhunen et al.[ 55 ] also address vomiting, whereas Palazzo and 
Strunin in 1984 made one of the fi rst extensive and authoritative reviews on the whole con-
cept of postoperative emesis, including nausea[ 56 , 57 ]. 

 Th e term PONV fi rst appeared in the literature in 1992 in a review paper by Bunce on 
5-HT 3  mechanisms. Th e term rapidly became very popular, probably because it is short, easy 
to spell and precise. 

 In 1992, an extensive review was published by Watcha and White[ 58 ], which is still cited 
and used in teaching, and as a source of knowledge for clinical use. In 2002, an extensive 
update was published by Gan[ 59 ] putting together all knowledge with the ambiguous goal 
of actually eliminating the problem.   A very important concept in this context is the multi-
modal use of diff erent methods with diff erent targets in order to attack the problem from 
many angles[ 33,60 ]. Th is concept has been very successful as most antiemetics have a ceiling 
eff ect, and at best a 50% effi  cacy when used alone. During the last 10 years, the Society for 
Ambulatory Anesthesia has put a lot of eff ort into creating guidelines for prophylaxis and 
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treatment of PONV[ 61 ], being revised recently[ 62 ]. A recent review of Skolnik and Gan also 
sum up these guidelines  [ 63 ]. 

   A new trend in reviewing, the meta-analyses, evolved throughout the 1990s as a 
result of the development of statistical methods, and particularly the potential of modern 
high-powered data technology. Th e group of McQuay and Tramer has been especially active 
in using this method in order to provide evidence-based knowledge from all the small or 
intermediately sized studies that have been performed with quite standardized measures 
of outcome[ 38 ,  64 – 68 ]. As in other areas of anesthesia, the use of meta-analyses has been 
criticized as the selection of trials and infl uence from one dominating center may also put 
bias into this method    [ 69 ].  

  The new development: focus on cost-eff ectiveness 
   As modern medicine has so many potential options, increasing focus has been put on limit-
ing the use of methods that carry high cost with minor or intermediate improvements in 
health eff ects. Th e area of PONV lends itself readily to those kinds of discussions as some 
drugs are expensive, some are very cheap and the condition is not life-threatening. Th ere 
are, however, a lot of indirect costs involved, such as increased need of nursing care and res-
cue medication, as well as delayed discharge or re-admission if a patient experiences PONV. 
Many of the recent papers on this issue point out the importance of reducing PONV, as the 
indirect costs may be quite high. Further, there seems to be little rationale for using the most 
expensive drugs instead of the less costly, classical drugs from a cost-eff ectiveness point of 
view[ 70 – 74 ]. 

     An important aspect of this discussion is the issue of whether to use drugs prophylac-
tically or to wait and treat patients when they have established symptoms[ 75 ]. Prophylactic 
use carries the risk of introducing side eff ects to patients not needing the drug as well as 
extra costs by giving a drug to all patients. On the other hand, as PONV is very unpleasant, 
patients may prefer prophylaxis instead of waiting for puking and subsequently continuing 
to experience symptoms while waiting for the onset of action of rescue agents    .  

  Identifi cation of patients at risk 
   As a spin-off  from the cost-eff ectiveness discussion, the ideal concept would be to reliably 
predict which patient will develop PONV and who will not, and administer prophylaxis in 
a dedicated, individualized way. A large amount of data about etiology, epidemiology and 
clinical research may be used for this purpose, and throughout the 1990s many formulas 
and guidelines were published for this purpose[ 75 ]. Both complicated mathematical algo-
rithms and simple yes/no statements on 3–5 risk factors have been suggested by the groups 
of Toner[ 76 ], Koivuranta[ 77 ], Apfel[ 78 – 80 ], Raeder[ 81 ] and many others. Th e most used 
and best documented is the simple 0–4 score developed in parallel by Apfel and Koivuranta;  
the risk factors being the female gender, nonsmoking, use of opioids and a history of either 
PONV or motion sickness[ 82 ]. Th ere is an ongoing debate as to whether risk assessment 
should be done individually in all patients and prophylactic antiemetics administered 
accordingly, or whether the simpler approach is to administer a standardized prophylaxis 
to all patients. 

 Recently, there has been a growing interest in genetics, both in mapping genes for poten-
tial individual susceptibility to have PONV, and also genetic variations in drug eff ects and 
metabolism  [ 15 ].    
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Chapter 1: History of postoperative nausea and vomiting 9

  Summary 
 Th e history of PONV is a fascinating journey through many aspects of anesthetic devel-
opment since the fi rst successful demonstration of ether by William T.G. Morton in 1846. 
It involves aspects of fundamental evolution, physiology, epidemiology and pharmacology 
together with very important daily applications in clinical practice. Although a good arma-
mentarium for understanding PONV and application of knowledge and drugs into prophy-
laxis and treatment has been developed, there is still a lot to learn from the history in this 
fi eld. And the story goes on …   
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13

 Mechanisms of nausea 
and vomiting        
    Anthony L.   Kovac     2 

    A patient’s postoperative nausea and vomiting (PONV) are caused by a variety of mecha-
nisms, which are specifi c stimuli due to the patient, surgery and anesthesia, resulting in 
an anatomic and physiologic response. Multiple causes of nausea and vomiting are listed 
in  Table 2.1 [ 1 – 4 ].   Gastrointestinal (GI) physiology is an important peripheral mechanism. 
Nausea is a subjective feeling of the need to vomit. Vomiting is an objective response to 
a noxious stimulus and is the actual oral passage of GI contents.   Retching is the object-
ive muscular event of vomiting without passage of vomit  [ 1 ]. GI retroperistalsis is initiated 
at the pyloric sphincter and in the small intestine. To protect teeth enamel from stomach 
acids, an increase in salivary gland fl uid occurs. In order to prevent aspiration, an individ-
ual takes a deep breath and the epiglottis closes over the glottis. As inspiration occurs, there 
is a decrease in intrathoracic pressure. One or multiple retching acts may occur, followed 
by vomiting and an increased physiologic sympathetic response of sweating and increased 
heart rate   ( Figure 2.1 )[ 1 , 5 ].       
  Anatomical areas of nausea and vomiting 
   Emetic aff erent and eff erent impulses stimulate nausea and vomiting peripherally via the GI 
tract and centrally via the central nervous system (CNS). Th ese stimuli control the initiation 
and degree of nausea and/or vomiting that a patient may experience. Stimulation of aff erent 
pathways to the vomiting center occurs from the GI tract via the vagus nerve. Central CNS 
pathways act via neural networks through diff erent areas of the brain. Neural pathways of 
nausea and vomiting with CNS inputs, CNS integration and physiologic outputs are listed 
in  Table 2.2 [ 1 , 5 ].    

   Mechanical and chemical receptors reside in the GI tract. Mechanical expansion or con-
traction of the stomach, intestine and esophagus, as well as the abdomen and heart, can 
cause nausea and vomiting by directly stimulating the vagus nerve.   Medications such as 
chemotherapeutic agents (i.e., cisplatin, methotrexate, etc.) cause the release of serotonin 
(5-hydroxytryptamine) from enterochromaffi  n cells of the duodenum to directly cause nau-
sea and vomiting    [ 6 , 7 ]. 

 Central CNS pathways causing nausea and vomiting appear to be more interrelated and 
complex than GI pathways. Th e main CNS areas involved with nausea and vomiting are 
located in the cerebral cortex, thalamus, hypothalamus, meninges, cerebellum, pons and 
medulla oblongata.   Specifi c vomiting areas that are located below the pons and next to the 
fourth ventricle include the medulla oblongata, vomiting center and chemoreceptor zone 

   Postoperative Nausea and Vomiting:  A  Practical Guide , eds. Tong Joo Gan and Ashraf S.  Habib. 
Published by Cambridge University Press. © Cambridge University Press 2016.  

    Chapter 

9781107465190_pi-182.indd   13 2/26/2016   4:01:02 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:14:11 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.004

Cambridge Books Online © Cambridge University Press, 2016



Chapter 2: Mechanisms of nausea and vomiting14

Act of Vomiting Sequence

Increase of salivary gland fluids

Deep breath (to avoid aspiration)

GI retroperistalsis (small intestine, pyloric sphincter)

Decreased intrathoracic pressure (inspiration against a closed glottis)

Retching

Vomiting

SNS response (increased HR, sweating)

 Table 2.1        Multiple causes of nausea and vomiting    

 Disease or condition  Cause 
Gastrointestinal diseases Obstruction  

Infl ammation, hepatitis, pancreatitis, enteritis  
Gastritis  
Gastric irritants

Intracranial disease Malignant hypertension  
Increased intracranial pressure (cancer, hemorrhage)

Infections Bacterial  
Viral

Pregnancy Hyperemesis gravidarum  
Morning sickness

Migraines

Metabolic diseases Diabetic ketoacidosis  
Addison’s disease

Vestibular and labyrinthine disorders Motion sickness  
Vestibular neuritis  
Labyrinthitis

Pain

Exogenous emetic substances Drugs, opioids, anesthesia  
Poisons  
Radiation  
Chemotherapy – cisplatin/methotrexate (acute versus delayed)

 Figure 2.1      Act of vomiting 
sequence. GI, gastrointestinal;  
HR, heart rate;  SNS, sympathetic 
nervous system.  
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Chapter 2: Mechanisms of nausea and vomiting 15

(CTZ). Th e CTZ and area postrema are considered to be synonymous areas. Th e CTZ is 
located in the   area postrema on the fl oor of the fourth ventricle in the medulla oblongata. In 
addition, the vestibular system and cerebellum lie in close proximity to the vomiting cent-
ers at the base of the pons. Nerve connections extend from the cerebellum to the pons. Th e 
actual act of vomiting is initiated by neurochemical and receptor actions originating from 
the CTZ. Th e CTZ can be stimulated concurrently by the CNS, peripheral nervous system 
and peripheral GI motor pathway  s[ 1 , 6 , 8 ]. 

 Neuropharmacologic targets and receptor areas associated with nausea and vomiting 
are listed in  Table 2.3 . Th e area postrema is connected to the   nucleus of the solitary tract 
as well   as to other autonomic control centers in the brain stem. Th e blood–brain barrier 
is located between the area postrema and the nucleus tractus solitarius.   Opioids aff ect the 
area postrema, nucleus tractus solitarius, brain stem, spinal receptors and alter GI motil-
ity  [ 9 ]. Inhaled anesthetics aff ect the area postrema, nucleus tractus solitarius and vagal 
aff erents   [ 5 , 6 , 10 ].   Th e vestibular system is involved with a patient’s sense of balance and the 

 Table 2.2      Neural pathways  

 Stimulus  Neural pathway 
CNS inputs Cerebral  

Vestibular system  
Area postrema, chemoreceptor trigger zone  
Abdominal vagal aff erents  
Serotonin release from duodenum

CNS integration Nucleus tractus solitaries  
Salivary nuclei  
Ventral lateral medulla  
Dorsal motor nucleus  
Retrofacial nucleus  
Respiratory

Physiologic outputs Prodromal signs  
Muscles – retching/vomiting (sequence of muscles used in retching is diff erent 
from vomiting)

 Table 2.3      CNS neuroanatomical areas and receptors associated with nausea and vomiting  

 CNS neuroanatomical areas  Receptors 
Vestibular system Muscarinic: M 3 , M 5   

Cholinergic: ACh 1   
H 1 

Area postrema, chemoreceptor trigger zone Opioid: mu (μ)  
5-HT 3   
D 2 : substance P NK 1 ;  cholinergic – ACh 1 

Nucleus of the solitary tract Opioid: mu (μ)  
5-HT 3   
NK 1 

  5-HT 3 , serotonin 5-hydroxytryptamine type 3;  ACh 1 , acetylcholine muscarinic type 1;  D 2 , dopamine type 2;  H 1 , 
histamine type 1;  NK 1 , neurokinin type 1.  
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Chapter 2: Mechanisms of nausea and vomiting16

sensation of motion sickness. Abnormalities or diseases of the vestibular system can directly 
cause motion sickness. Histamine type 1 (H 1 ) and acetylcholine muscarinic type 1 (ACh 1 ) 
receptors are located in the vestibular system. Activation and deactivation of these recep-
tors are the result of stimulation and blockade, respectively, with histamine or cholinergic 
medications  [ 10 , 11 ].    

   Chemoreceptors located in the CTZ include dopamine type 2 (D 2 ), substance P neu-
rokinin type 1 (NK 1 ), serotonin 5-hydroxytryptamine type 3 (5-HT 3 ), acetylcholine type 
1 (ACh 1 ) and opioid (mu) receptors.   Th e vomiting center includes the nucleus of tractus 
solitarius. Receptors in the vomiting center include H 1 , ACh 1 , NK 1  and serotonin 5-HT 3  
receptors. Each specifi c receptor in the area postrema and CTZ has a corresponding agonist 
and antagonist     ( Figure 2.2 )[ 6 , 11 ].    

   Mechanical eff ects, such as GI tract distention from air, fl uids or nitrous oxide, cause nau-
sea and vomiting via stimulation by the vagus nerve to the vomiting center and the vestibu-
lar part of the vestibulocochlear eighth cranial nerve, which is also aff ected by opioids  [ 6 , 11 ]. 

   Vomiting can be caused by a variety of single or multiple stimuli working at or via many 
parallel and corresponding neural pathways, which eventually reach the vomiting center. 
Because of this complex interaction, a “silver bullet, one drug fi ts all” universal antiemetic 
medication has not been found for PONV or postdischarge nausea and vomiting (PDNV)[ 12 ]. 
Stimuli from the vagal abdominal aff erent pathway appear to be one of the better understood 
peripheral pathways. NK 1  and 5-HT 3 -receptor antagonists are present in peripheral and cen-
tral locations ( Figure 2.3 ). Combination blockade of peripheral and central emetogenic recep-
tors is needed to successfully fi nd the universal antiemetic medication or technique  [ 3 , 12 ].     
  Inputs to the vomiting center 
   Th e CTZ is located at the base of the fourth ventricle with input from the vomiting cen-
ter. Th e   vestibular system of the inner ear has input by H 1  receptors to the vomiting cen-
ter via the vestibulocochlear eighth cranial nerve resulting in nausea and motion sickness  . 
  When the pharynx is stimulated, the glossopharyngeal tenth cranial nerve is correspond-
ingly stimulated, resulting in the gag refl ex  . In addition, when activated, the enteric nervous 
system and vagal nerve fi bers around the gut transfer stimuli to the vomiting center. Stress 
and anxiety input stimuli to the vomiting center directly from the CNS via dopaminergic 
receptors  [ 6 , 12 ].    

Receptor
Antagonists

Receptors

Opioid
Mu

Cholinergic
ACh1

Histamine
H1

NK-1

NK-1 RAACh1 RA H1 RA

Central CNS Receptors and Antagonists

Mu RA

Dopamine
D2

Serotonin
5-HT3

5-HT3 RAD2 RA

 Figure 2.2      Central nervous system receptors and antagonists. 5-HT 3 , serotonin 5-hydroxytryptamine type 3;  
ACh 1 , acetylcholine;  CNS, central nervous system;  D 2 , dopamine;  H 1 , histamine;  NK, neurokinin;  RA, receptor 
antagonists.  
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Chapter 2: Mechanisms of nausea and vomiting 17

  Animal models of nausea and vomiting 
   Animal studies of the mechanism of nausea and vomiting have involved various species with 
the ferret, musk shrew and dog as the most frequently studied[ 13 , 14 ]. Th e ferret has been a 
standard model for chemotherapy-induced nausea and vomiting (CINV). However, while 
ferrets are insensitive to the nausea and vomiting eff ects of a volatile agent such as isofl urane, 
they are sensitive to opioids, specifi cally morphine[ 14 ]. Th is opioid eff ect can be reversed by 
administration of naloxone. Th e musk shrew is sensitive to the eff ects of halothane, isofl u-
rane and nitrous oxide. Dogs are sensitive and exhibit vomiting and regurgitation following 
administration of halothane, isofl urane or sevofl urane. Interestingly, rats do not exhibit a 
vomiting refl ex  [ 13 ]. 

   Emetogenic CNS areas reside on both sides of the blood–brain barrier. Intrinsic primary 
aff erent neurons transmit stimuli to the vomiting center. Vagal eff erent motor neurons res-
ide in the esophagus, stomach and intestine. Spinal somatomotor neurons are located in the 
anterior abdominal muscles and the diaphragm. Stimulation of the airway, heart, skin, sal-
ivary gland and GI tract causes prodromal eff ects leading to symptoms of pallor, sweating, 
salivation and alterations of gastric and GI function  [ 1 , 13 ]. 

   Th e primary practical physiologic function of vomiting is to empty noxious stimuli such 
as drugs, chemicals and foreign objects from the upper GI tract. Vomiting itself serves as a 

CNS
Vomiting Center

Nucleus Tractus Solitarius

Nausea Vomiting

Cerebellar

Balance

Gastrointestinal Tract
Serotonin (5HT3)

Dopamine (D2)

Neurokinin-1 (NK-1)

Pressure Receptors

↑ Intracranial Pressure

Psychological
Anxiety

Vestibular System
Acetylcholine (ACh1)

Histamine (H1)

 Figure 2.3        Receptor antagonists in peripheral and central locations. CNS, central nervous system.  
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Chapter 2: Mechanisms of nausea and vomiting18

defense mechanism to rid the body of dangerous noxious substances  . Diarrhea empties nox-
ious stimuli from the lower GI tract[ 1 , 5 ]. 

 Th e severity of drug-induced emesis can be controlled with antiemetics, such as the NK 1  
and 5-HT 3  receptor antagonists.   Nausea is more diffi  cult to control and is a more persist-
ent problem. Th e D 2  receptor antagonists appear to have a greater eff ect on nausea than on 
vomiting  [ 3 ].  

  Fluid volume/hypotension 
   Th e status of a patient’s circulatory volume and blood pressure eff ects, such as hypotension, 
can cause nausea and vomiting aft er administration of a spinal or epidural block due to 
vasodilatation with a decrease in blood pressure and blood fl ow to the brain’s CNS vomit-
ing centers. Th is decrease in blood fl ow as well as orthostatic changes that may occur in 
the operating room and/or postanesthesia care unit initiates the release of CNS emetogenic 
neurochemicals causing nausea and/or vomiting in the awake patient. Intravenous fl uid 
replacement and administration of a vasopressor, such as ephedrine, are useful measures to 
treat this cause of nausea and vomiting  .   Gut ischemia also causes the release of emetogenic 
substances such as serotonin    [ 3 , 10 , 11 , 15 ].  

  Antiemetics according to receptor areas and mechanisms of action 

  Corticosteroids 
     Dexamethasone is one of the more common steroid medications given for its antiemetic 
eff ect. Methylprednisolone also has been shown to have similar antiemetic proper-
ties[ 16 – 18 ]. Glucocorticoids have a central eff ect on corticosteroid receptors in the nucleus 
tractus solitarius. Not much is known about the mechanism of action of steroids to decrease 
PONV. Th e central antiemetic mechanism of corticosteroids is not fully understood as there 
is no known central steroid receptor. It is hypothesized that the antiemetic eff ect of steroids 
is due to their ability to decrease infl ammation and edema. Dexamethasone decreases the 
release of arachidonic acid, which in turn decreases the synthesis of mediators of infl amma-
tion that sensitizes nerves. However, this eff ect takes time to work and can be as long as 3–4 
h for an eff ect to occur  [ 12 , 19 ].  

  Metoclopramide 
     Metoclopramide is a competitive antagonist at dopaminergic (D 2 ) receptors and a weak com-
petitive antagonist at 5-HT 3  receptors. Metoclopramide exerts its eff ect at multiple receptors 
in the CNS and periphery, depending on the dose administered. At doses greater than 20 
mg, it acts on multiple D 2 , H 2  and 5-HT 3  receptors in the area postrema as well as having a 
prokinetic eff ect in the GI tract, specifi cally the stomach and intestines, by antagonism of 
D 2  and 5-HT 4  receptors. However,   extrapyramidal side eff ects, such as tardive dyskinesia, 
increase with an increase in number of treatments and dose  . Metoclopramide increases gas-
tric motility as an acetylcholine mediator  [ 7 , 20 ].  

  Dopamine antagonists 
   Phenothiazines, such as prochlorperazine and chlorpromazine, act on dopamine D 2  recep-
tors in the CTZ and the periphery. However, the extrapyramidal eff ects of prochlorperazine 
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Chapter 2: Mechanisms of nausea and vomiting 19

and the anticholinergic side eff ects of chlorpromazine limit the usefulness of these medi-
cations  . Butyrophenones, such as droperidol and haloperidol, act on D 2  receptors in the 
area postrema and CTZ. Th e US Food and Drug Administration (FDA) black box warning 
related to concerns about the electrocardiogram (ECG) eff ects of the butyrophenones on 
QTc interval prolongation has limited their use  [ 6 , 7 ].  

  Antihistamines 
   Histamine H 1  receptors are located in the CTZ, vestibular nuclei and vomiting cen-
ter of the medulla. Blockade of H 1  receptors is a nonspecifi c antihistaminergic mechan-
ism of antihistamine medications. Antihistamines have been found useful as a treatment 
method to attenuate PONV eff ects following ear, mastoid or operations on the vestibular 
system. However, H 2 -receptor antagonists have not been found to be eff ective for PONV 
prophylaxis  [ 6 , 7 ].  

  Anticholinergics 
   Anticholinergics, such as transdermal scopolamine, are useful antiemetic agents to prevent 
or treat vestibular causes of PONV. Similar to antihistamines, they are useful for operations 
on the ear, mastoid and vestibular system. Transdermal scopolamine exerts its eff ect at post-
ganglionic muscarinic receptors in the peripheral nervous system;  its CNS action antago-
nizes cholinergic M 3  and M 5  receptors, blocking transmission to vestibular nuclei. Possible 
side eff ects include a dry mouth on the fi rst operative day and vision disturbances such as 
diplopia on the second day  [ 7 , 21 ].  

  NK 1 -receptor antagonists 
   Aprepitant, the only FDA-approved NK 1 -receptor antagonist for PONV, exhibits its anti-
emetic eff ect by antagonism of NK 1  receptors. Blockade of NK 1  receptors occurs in the 
nucleus tractus solitarius and the reticular formation of the CNS as well as having an eff ect 
on the GI tract. Aprepitant has more of an eff ect on emesis than nausea  .  

  Serotonin 5-HT 3 -receptor antagonists 
   Th e 5-HT 3  receptor is a subtype of the 5-HT serotonin receptor that is present centrally in 
the CNS and vagus nerve and peripherally in the small intestine.   Th e nausea and vomiting 
related to chemotherapy is peripherally activated by the release of serotonin from entero-
chromaffi  n cells of the duodenum. Th e 5-HT 3  antagonists can eff ectively block this release 
of serotonin and decrease or prevent CINV  [ 6 , 7 ]. PONV due to serotonin release is more 
complex and involves blockade of both the peripheral and central CNS 5-HT 3  receptors. 
Th e fi rst-generation 5-HT 3 -receptor antagonists include ondansetron, dolasetron, granise-
tron, tropisetron and ramosetron[ 3 ].   Palonosetron has a long-acting, 40-h half-life and is 
a second-generation 5-HT 3  receptor antagonist, which exerts its eff ect to block the 5-HT 3  
receptor by non cooperatively binding to allosteric rather than orthosteric sites[ 22 – 24 ]. 
“Allo” refers to “other.” Ortho refers to the normal competitive binding sites. Allosteric 
binding occurs at a site other than the active site[ 25 ]. Palonosetron also exhibits positive 
cooperativity among serotonin receptors and binding sites. Binding of the initial fi rst palo-
nosetron molecule allows for subsequent binding of palonosetron molecules to occur more 
easily      [ 24 ].  
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Chapter 2: Mechanisms of nausea and vomiting20

  Pharmacogenetics 
   A patient’s individual genetic makeup helps control and predict multiple disease and drug pro-
cesses.   Racial diff erences may exist in vestibular hypersusceptibility and sensitivity to motion 
sickness between Asian (Chinese) compared to non-Asian populations  [ 26 ]. Diff erences in 
genetic makeup and sequencing can alter a patient’s drug response with possible change in 
absorption, transport and/or metabolism[ 27 , 28 ], resulting in a medication’s success or fail-
ure. Genes help regulate individual drug therapy regarding whether or not a patient may 
or may not respond to a specifi c medication. A patient’s individual drug response may be 
due to diff erences in their DNA gene sequencing or in the control of proteins that regulate 
specifi c metabolic receptors and processes. A change or duplication of a specifi c gene allele 
can increase or decrease metabolism, altering an antiemetic’s serum blood level and thus 
the therapeutic response. Ultra-rapid metabolism can result in a lower than desired blood 
level and reduced drug eff ectiveness. Alternately, decreased metabolism can lead to a higher 
than desired blood level with a corresponding increased potential for drug interactions and 
adverse events[ 29 ].   Genetic variability of protein transporters has been determined to alter 
ondansetron’s ability to cross the blood–brain barrier. Th e 3435TT and 2677TT genotypes 
have been determined to increase ondansetron’s transport across the blood–brain barrier, 
resulting in higher ondansetron concentrations to interact with more CNS 5-HT 3  recep-
tors[ 15 ]. An increased antiemetic response occurs resulting in a lower degree of PONV. 
Genetic interindividual variability has been shown to occur in the  multidrug resistance 1 
(MDR1) glycoprotein, which is important in drug metabolism and disposition  .   Genetic poly-
morphisms and ethnic diff erences have been determined in the CYP3A, CYP249, CYP2D6 
and MDR1/ABC1 enzymes, which are important in the metabolism of the 5-HT 3 -receptor 
antagonists  [ 30 ]. Th ese eff ects are discussed in more detail in  Chapter 5 .     

  Summary 
 Th e mechanisms causing PONV and PDNV are multiple and interrelated. Anesthetics, 
medications, blood pressure changes (hypotension), motion and balance (position changes, 
ambulation), mechanical eff ects and genetics all play a part. Stimuli can occur from the 
periphery or be centrally activated. In the diffi  cult patient, multiple antiemetic agents and 
methods/techniques may be needed using a multimodal technique to prevent and/or treat 
PONV and PDNV. While research in this area is evolving, further research is needed to help 
solve the problems of PONV and PDNV.   
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  Th e impact of postoperative nausea and vomiting (PONV) and the eff ectiveness of anti-
emetic therapy play an important part in the recovery of patients from anesthesia.   All anti-
emetic medications have various possibilities of introducing benefi ts (effi  cacy) and/or harm 
(side eff ects). From the degree of effi  cacy and side eff ects, respectively, are derived concepts 
of number needed-to-treat and number needed-to-harm[ 1 ]. A decision to add or omit a 
specifi c antiemetic medication or therapy should be made aft er determining the possible 
benefi ts and/or harm of the therapy. In order to make a decision regarding the proper use 
of single or combination prophylactic or treatment therapy for PONV, it is important to 
estimate each patient’s risk to develop either PONV, postoperative vomiting (POV) and/
or postdischarge nausea and vomiting (PDNV)[ 2 ]. Specifi c factors directly aff ect the risk 
of an adult or pediatric patient developing PONV ( Table 3.1 ), POV ( Table 3.2 ) or PDNV 
( Table 3.3 ). Th ese factors are characteristics related to the type of (a) surgery, (b) patients, 
(c) anesthetic medications and agents/techniques and (d) postoperative eff ects[ 2 – 6 ]. 

 Risk factors for PONV include: 

•   Female gender  
•   History of PONV and/or motion sickness  
•   Nonsmoking history  
•   Postoperative opioids       

 Risk factors for POV include: 

•   Strabismus surgery  
•   Age ≥3 years  
•   Surgery >30 min  
•   History of POV or PONV in relatives (mother, father, siblings).       

 Factors contributing to PDNV include: 

•   Female gender  
•   Age <50 years  
•   History of nausea and/or vomiting aft er previous anesthesia  
•   Opioid administration in the postanesthesia care unit (PACU)  
•   Nausea in the PACU.       

 Risk factors and their impact 
on postoperative nausea 
and vomiting         
    Anthony L.   Kovac     

3 

   Postoperative Nausea and Vomiting:  A  Practical Guide , eds. Tong Joo Gan and Ashraf S.  Habib. 
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    Surgery-related PONV risk factors 
   Risk factors are associated with numerous aspects of a particular surgery and include the dur-
ation of surgery.   Surgical time has a direct correlation with anesthesia exposure. Operations 
with a surgical time of more than 30 min have an increased incidence of PONV[ 5 ]. Sinclair 
et  al.[ 4 ] determined that the frequency of PONV increased from 2.8% for adult patients 
having surgery less than 30 min to 27.7% for operations of more than 3 h. Eberhart et al.[ 6 ] 
indicated that children   undergoing surgery lasting more than 30 min also had a greater risk 
of POV  . 

 Specifi c surgeries associated with a higher risk for PONV may include operations on 
the eye, ear, nose, throat, teeth, oral cavity, brain, urologic, gynecologic and gastrointestinal 

 Table 3.1        Simplifi ed risk score for predicting PONV in adults    a    

Number of risk 
factors present PONV % incidence PONV risk

0 10 Low

1 21 Mild

2 39 Moderate

3 61 High

4 79 Extremely high

       a       PONV % incidence increases as the total number of risk factors 
increases. Each additional risk factor increases the incidence of PONV 
by approximately 20%.    

 Table 3.2        Simplifi ed risk score for predicting POV in children    a    

Number of risk factors POV risk (%)

0  10  

1  10  

2  30  

3  50  

4 70

       a       POV % incidence increases as the total number of risk factors 
increases. Each additional risk factor increases the incidence of POV by 
approximately 20%.    

 Table 3.3        Simplifi ed risk score for predicting PDNV in adults    

Number of risk factors PDNV % incidence

0   7  

1  20  

2  28  

3  53  

4  60  

5 89
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(GI) tract[ 7 – 16 ].   Operations on the head and neck, including the upper airway, nose, 
throat, oral, pharyngeal and dental areas as well as esophagus and/or stomach, can cause 
upper airway or GI bleeding resulting in swallowed blood and an increase in nausea and 
vomiting[ 17 ]. Operations on the brain, airway and neck may stimulate central nervous 
system (CNS) vomiting center receptors as well as the vagus and/or glossopharyngeal 
nerves to cause nausea and vomiting  [ 8 , 18 , 19 ].   A decrease in CNS blood fl ow due to hypo-
tension secondary to blood loss, inadequate fl uid replacement or a sympathetic nerve 
block following spinal or epidural anesthesia may stimulate vomiting center receptors 
resulting in nausea and/or vomiting in the PACU. Hypovolemia causing hypotension can 
also lead to gut ischemia and nausea and/or vomiting due to the release of serotonin from 
the GI tract  [ 2 , 20 – 22 ] 

 Surgeries, such as laparoscopic procedures (hysterectomy or cholecystectomy) in 
adults as well as strabismus repair and tonsillectomy in children can be especially eme-
togenic[ 2 , 23 – 27 ].   PONV is of special concern following distension of the abdomen in 
patients having laparoscopic procedures with insuffl  ation of carbon dioxide gas into the 
abdominal cavity  . Similarly, middle ear surgery and surgery on or manipulation of the 
esophagus, stomach, small or large intestine can lead to nausea and vomiting[ 23 – 27 ]. Even 
if a particular surgery has a low PONV risk, prophylactic antiemetics should still be consid-
ered because, should PONV occur, the physical and/or physiologic eff ects could be devas-
tating to the patient  [ 2 , 28 ].  

  Patient-related PONV risk factors 
   Patient-related factors include age <50 years, female gender, nonsmoking status, prior his-
tory of motion sickness or PONV and the administration of postoperative opioids[ 2 , 29 – 32 ] 
( Tables 3.1  and  3.3 ). Th ere appears to be weak evidence for the use of intraoperative opioids 
as a cause for PONV[ 2 ]. Apfel et al.[ 29 , 30 ] described an   increased PONV risk for females 
compared to males, which occurs following puberty with an increase in the hormones estro-
gen and progesterone  [ 33 ].   History of motion sickness is an important patient-related risk 
factor, as motion can aff ect the degree and amount of histamine type 1 (H 1 ) and muscarinic 
receptors stimulated in the vestibular system  [ 2 , 34 ]. 

   Nonsmoking status is an important risk factor to recognize, as patients who do not 
smoke have an increased PONV incidence[ 2 , 34 ]. Th e fact that nonsmokers have more 
PONV than patients who smoke could possibly be explained by the induction of P450 
enzymes;  the increased metabolism of anesthetics and opioids in patients who smoke 
allows these patients to become more tolerant to emetogenic substances in tobacco 
smoke[ 35 – 38 ]. Receptors in the CNS causing PONV include the dopamine (D 2 ), cholin-
ergic, H 1 , serotonin 5-hydroxytryptamine type 3 (5-HT 3 ) and neurokinin type 1 (NK 1 ) 
receptors[ 2 ]. Th e antiemetogenic eff ect of tobacco smoke may act at one of these recep-
tors to decrease the receptor’s response.   Smoking status appears to be related to a reduced 
PONV response with the patient becoming “acclimated” to the toxic chemicals in smoke, 
a result of CNS receptor adaption to repeated emetogenic smoke stimulation[ 5 , 29 , 39 ]. In 
addition,   many of the strongly toxic chemical substances in cigarette smoke are metabo-
lized via enzyme detoxifi cation in the cytochrome P450 (CYP450) pathway. Smoking 
results in elevated CYP1A2 and CYP2E1 enzyme activity causing increased metabolism 
of opioid and volatile agents. Consequently, this leads to lower levels of opioid and vola-
tile agents resulting in a more rapid emergence from anesthesia[ 40 – 42 ]. Nicotine patches 
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do not increase hepatic CYP1A2 enzyme activity or result in the same drug interactions 
caused by smoking cigarettes  [ 43 ]. 

 Risk factors that have been disproven or have limited clinical relevance include: obes-
ity, anxiety and preoperative fasting. Confl icting evidence of risk factors that cause 
PONV are American Society of Anesthesiologists physical status and menstrual 
cycle  [ 2 , 30 , 34 , 39 , 44 – 47 ].  

  Pediatric patients 
   Th e incidence of POV in children has been reported to be 42.3% when prophylaxis was not 
used[ 2 ]. Th ere is an approximately equal occurrence in boys and girls older than 3 years of 
age until they reach puberty[ 2 ].   At puberty, girls overtake boys with an increased incidence 
that is approximately three times more frequent in adult females compared to males  .   Th e 
most common operations causing PONV or POV in the pediatric population are strabismus 
surgery and tonsillectomy. Strabismus surgery is thought to cause nausea and vomiting fol-
lowing traction of the extraocular muscles and tonsillectomy due to the swallowing of blood. 
Other surgeries causing POV in children include GI procedures and craniotomy    [ 2 , 48 ].  

  Anesthetic medications and agents/techniques 
   Anesthesia-related factors that contribute to PONV include the use of   gases, such as 
nitrous oxide, volatile anesthetics, such as isofl urane, sevofl urane and desfl urane, and 
the use of postoperative opioids[ 30 , 49 , 50 ]. Sinclair et al.[ 4 ] found a fi ve-times increase 
in PONV incidence in patients having a general anesthetic compared with other types 
of anesthesia  .   Orthostatic hypotension in the PACU with a drop in cerebral perfusion 
pressure and blood fl ow to the CNS emetic centers can initiate nausea and vomiting  . 
More than 45 min of anesthesia exposure (correlating to more than 30 min of surgery) 
contributes to PONV, as more time is available for the absorption of volatile (sevofl urane, 
desfl urane, isofl urane) and gas (nitrous oxide) agents[ 51 ].   Use of regional instead of gen-
eral anesthesia results in decreased PONV due to a decreased requirement for volatile/
gas agents and opioids  [ 52 ]. Eliminating the need for volatile and gas agents along with 
the use of propofol during total intravenous anesthesia results in a decrease of PONV[ 50 , 
 53 ]. It appears that the perioperative use of proton pump inhibitor medications, intra-
operative use of a nasogastric tube or application of intraoperative oxygen have a limited 
or no eff ect on PONV[ 44 , 45 , 47 ]. Th ere is also confl icting evidence regarding menstrual 
cycle, perioperative fasting and muscle relaxant reversal[ 30 , 34 , 54 ].   Decreasing the dose 
of muscle relaxant reversal with an anticholinesterase medication, such as neostigmine, 
has not proved to decrease PONV  [ 2 , 55 , 56 ].  

  Postoperative factors 
   Animal studies[ 57 ] and the clinical use of postoperative analgesics[ 29 ] have shown that opi-
oids are a defi nite triggering mechanism for nausea and vomiting[ 58 ]. It is believed that 
exogenous opioids stimulate mu-receptors in the vestibular system and CNS chemoreceptor 
trigger zone[ 2 , 59 ]. In addition,   opioids can cause alterations of GI dysfunction with inhib-
ition of intestinal mobility, delayed gastric emptying and an increase of GI transit time, 
respectively, resulting in stomach bloating and constipation[ 58 ]. Opioid use can cause fur-
ther GI dysfunction with a decrease in GI peristalsis and motility. A decrease in GI motility 
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can cause postoperative ileus, bowel distention and cramping, leading to nausea and/or 
vomiting. Opioids also cause a decrease of GI secretions and relaxation of the colon’s longi-
tudinal muscles with decreased propulsion and drying of stool      [ 58 , 60 , 61 ].  

  PONV, POV and PDNV risk-scoring methods 
   Various risk-scoring methods have been described and proposed for PONV and PDNV 
in adults and POV in children ( Tables 3.1 – 3.3 )[ 5 , 29 , 62 – 64 ]. Scoring methods for PONV, 
PDNV and POV have been described by Apfel et  al.[ 29 , 30 ], Van den Bosch et  al.[ 63 ], 
Koivuranta et al.[ 65 ] and Eberhart et al.[ 6 ]. Risk in adults and children can be estimated 
with various scoring methods using independent predictors that have been statistically cor-
rected for confounding variables[ 5 , 64 , 66 ]. While a number of factors are associated with a 
high PONV incidence, their specifi c association is not necessarily one of cause and eff ect. 
For example,   the high PONV incidence aft er gynecological surgery is thought to be most 
likely related to the increased susceptibility of women (gender-specifi c) rather than the spe-
cifi c type of surgery   (gynecologic)[ 5 ]. 

 Van den Bosch et al.[ 63 ] described a risk score evaluating the variables of gender, his-
tory of PONV or motion sickness, smoking status, surgery type, anesthetic technique and 
age. Koivuranta et  al.[ 65 ] described a simpler PONV scoring method evaluating gender, 
PONV history, motion sickness history, smoking status and duration of surgery (≥60 min). 
Eliminating the surgery duration variable,   Apfel et al.[ 3 ] proposed a further, simpler score 
evaluating four factors: gender, smoking status, PONV/motion sickness history and antici-
pated postoperative administration of opioids. Th e simplifi ed Apfel score ( Table 3.1 ) appears 
to be the most widely evaluated and used PONV risk-scoring method for both clinical and 
research use    [ 29 ].  

  PONV/POV risk score in children 
   Eberhart et al.[ 6 ] have described the only currently available PONV/POV risk score for chil-
dren undergoing surgery. In their scoring method, the risk factors evaluated are: (a) strabis-
mus surgery;  (b) surgery longer than 30 min;  (c) age ≥3 years;  and (d) history of POVN or 
POV in parents or siblings ( Table 3.2 )[ 67 ]. Numerous other clinicians and researchers have 
included tonsillectomy as a surgical procedure that may increase the risk of POV in chil-
dren[ 17 ,  68 – 71 ]. Th is has been validated in surgeries other than strabismus repair  [ 6 , 72 , 73 ].  

  Risk score for PDNV 
   Apfel et al. have extended their predictive work on PONV to further evaluate the risk for 
PDNV ( Table 3.3 )[ 74 ]. Five independent risk factors were determined to be important for 
PDNV: (a) female gender;  (b) age <50 years;  (c) history of PONV;  (d) nausea in the PACU;  
and (e) administration of opioids in the PACU. While most PDNV has resolved aft er 3 days, 
PDNV may also be related to the patient becoming more ambulatory, advancing their diet 
(clear liquids to solid food) with the use of oral opioids, antibiotics and/or other oral medi-
cations or herbals  .  

  Use of risk-scoring methods for PONV and PDNV 
   With the relatively low side-eff ect profi le of the 5-HT 3  receptor antagonists and the 
introduction of “generic” ondansetron at a cost far less than the “trade name” Zofran 
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(GlaxoSmithKline, Philadelphia, PA, USA) formulation, a change in antiemetic use for 
PONV developed, particularly with regard to ambulatory surgery. Th ere has been increased 
discussion regarding how and when risk scores and antiemetic medications actually should 
be applied for everyday clinical use[ 5 , 75 , 76 ]. Should one or two routine antiemetics be given 
to all patients in spite of a low patient PONV risk (10–20%) and the low possibility of anti-
emetic side eff ects? In some patients this would be no problem. However, in other patients, 
this approach could cause problems as low- and high-risk patients would be exposed to 
unnecessary risk for rare but possible side eff ects. 

   Th e use of simplifi ed PONV algorithms should lead to an increased benefi t for a larger 
proportion of patients as the patients at risk could be easily identifi ed[ 77 – 79 ]. Eberhart et al. 
noted that “risk scores” are useful and should be used in clinical practice to predict PONV or 
POV[ 76 ]. In general, using a risk-dependent approach based on a simple risk score should 
help avoid giving antiemetics to patients with a low PONV risk. However, implementation 
of PONV guidelines and algorithms in clinical practice appears to be more variable and dif-
fi cult to accomplish[ 77 , 80 ]. 

 Pierre et  al.[ 81 ] noted that rather than focusing on the criticism of a specifi c PONV 
risk score in order to change an anesthesia provider’s clinical behavior, one should concen-
trate one’s attention on promoting and explaining the usefulness of clinical algorithms and 
encourage the implementation of these PONV “reminders.” Kranke and Eberhart[ 66 , 77 ] 
mention that the weakest link in the chain from research to patient benefi t is the implemen-
tation of proven strategies (see  Chapter 16 ). A risk-score dependent approach can eff ect-
ively reduce PONV[ 75 , 82 ]. However, PONV risk algorithms need to be customized to local 
patient populations in order to have the best value for the patient and be most effi  cient for 
the provider[ 66 ]. Use of risk scores can help predict which patients are at moderate-to-high 
risk (80%) for PONV. Treatment of PONV appears to be more cost-eff ective in patients with 
a PONV risk of 40% or greater (two or more of the Apfel risk factors)[ 50 ]. 

 Using PONV risk assessment has been shown to reduce an institution’s PONV rate. 
A properly implemented plan is important as poorly implemented protocols fail, and it is 
diffi  cult to maintain protocol compliance in a busy clinical practice. In one study, providers 
failed to follow a simple algorithm that suggested that one antiemetic be used for each iden-
tifi ed risk factor[ 83 ]. Instead, almost all patients received a single antiemetic despite their 
risk for PONV. PONV symptoms, particularly nausea, are oft en missed in a busy clinical 
practice with only 42% of PONV episodes detected in the PACU[ 83 ]. It appears that a sim-
pler and more practical PONV risk assessment with a liberal prevention strategy are better 
than a complex PONV prevention protocol with a detailed risk and treatment plan[ 5 , 29 ]. 

   Studies   have suggested that electronic medical record reminders improve clinical com-
pliance[ 84 , 85 ]. Automated reminders in the electronic medical record help increase adher-
ence to guidelines for prophylactic PONV administration. Th ere is also a need to accurately 
collect PONV data to provide feedback to clinical providers, such as nurses and physicians, 
in addition to monitoring the impact of antiemetic interventions on the overall incidence of 
PONV. Ongoing personal performance feedback helps improve guideline performance[ 80 ]. 
An improvement of provider PONV “behavior” can occur through: (a) education, such as 
conferences, lectures and meetings;  (b) PONV risk-assessment documentation in the pre-
operative note;  (c) preoperative and postoperative order sets;  and (d) PONV quick-reference 
guides posted in the operating room and connected to the anesthesia machine. To improve 
and solidify anesthesia provider human behavior regarding PONV, it may be necessary to 
require mandatory completion of a preoperative PONV risk assessment and postoperative 
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orders in the electronic medical record  . Postoperative order sets should refl ect the best 
evidence-based clinical practice available  . Th is hopefully will eliminate inappropriate anti-
emetic redosing by allowing for the appropriate use of antiemetics  .  

  Summary 
 Patients undergoing a variety of outpatient or inpatient procedures may experience nau-
sea and/or vomiting depending on individual patient-, surgery- and anesthesia-related 
factors. Children and adults present with diff erent PONV/POV incidences and etiolo-
gies. While patient- and surgery-related factors are oft en unchangeable, anesthesia and 
pharmacologic-related risk factors can be altered or eliminated. Volatile and gas anesthetic 
agents and opioids are among the most emetogenic factors that a patient may receive in 
the perioperative period. However, other factors can also cause PONV and PDNV. Risk 
assessment can help decrease an institution’s PONV incidence rate. Improved acceptance 
and adherence to PONV protocols and algorithms can occur through proper and regular 
education as well as electronic medical record reminders via preoperative and postoperative 
order sets.   
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34

   Introduction 
   Many in the healthcare environment perceive postoperative and postdischarge nausea and 
vomiting (PONV/PDNV) as the big “little problem”[ 1 , 2 ]. A  minor inconvenience that, 
though stressful at the time of encounter, is relatively harmless in the long term … and 
certainly not life-threatening. As such, the phenomenon gains little attention outside of the 
anesthesia and surgical specialties  . Whilst funding for medication development and drug 
trials may be readily obtainable, funding to support the exploration of the patient experience 
of PONV/PDNV draws little fi nancial support. Th e patient experience of PONV/PDNV and 
the nursing perspective of the prevention and/or management of these phenomena, how-
ever, are of signifi cant importance to the patient and their family’s overall psychologic and 
physical experience of an anesthesia/surgical encounter.  

  Incidence and outcomes associated with PONV/PDNV 
   An estimated 234 million patients annually undergo major surgical procedures on a world-
wide basis, approximately 75 million of which include general anesthesia[ 3 ]. Depending on 
country,   10–80% of these procedures will be conducted in an ambulatory surgical setting, 
with approximately 60% of all US surgeries being conducted on an ambulatory basis  [ 4 ]. Th e 
general incidence of postoperative vomiting (POV) across all populations is approximately 
30%;  with the incidence of nausea around 50%. High-risk patients, however, may experi-
ence an incidence as high as 80%[ 5 , 6 ].   Incidence of PDNV, defi ned as nausea and vomit-
ing occurring aft er discharge from the ambulatory surgery facility[ 7 ], is highest on the day 
of surgery, with a reported incidence as high as 57%. PDNV may persist as long as 7 days 
postoperatively, with incidence ranging from 56.9% on the day of surgery to 12% on post-
operative day 2 and 6% on postoperative day 7. PDNV can be particularly incapacitating as 
the patient does not have ready access to medical resources and is oft en resigned to home 
treatment remedies, many of which are ineff ective and not evidence-based  [ 4 , 8 , 9 ]. 

   Although risk of PONV and PDNV is high, the incidence of adverse outcomes, such 
as aspiration, airway compromise, wound dehiscence, esophageal rupture, subcutaneous 
emphysema and pneumothorax are relatively low[ 1 , 3 , 7 , 10 ]. PONV and PDNV, however, are 
associated with numerous other costly outcomes. PONV is associated with increased length 
of postanesthesia care unit (PACU) stay, with every emesis episode extending PACU stay by 
as much as 20 min.   Protracted PONV is one of the most common reasons for unplanned 
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hospital admission aft er ambulatory surgery. PDNV increases the risk of postoperative 
emergency department visits and subsequent hospitalization.   Return to normal activities, 
to include return to work, can also be delayed. Th e annual costs for PONV and PDNV have 
been estimated to be several million in US dollars, a number that should justify this compli-
cation as an important public health concern  [ 3 , 4 , 6 , 8 ].    

  Patient perspective 
   Th e patient-family centered care (PFCC) movement has transformed healthcare by bringing 
the needs, concerns and priorities of patients and families to the forefront of patient care. 
Th e PFCC movement has revealed that the priorities of healthcare providers oft en diff er 
drastically from those of the patient. A  “good” outcome for the surgical/anesthesia team 
may be an “uncomplicated” procedure with a safe transition across the surgical services con-
tinuum, coupled with an uneventful recovery period. Patient/family expectations, however, 
are oft en more specifi c and focused. 

 Th e anesthesia/surgical team oft en consider PONV and PDNV as “minor” complica-
tions that are frequently unavoidable[ 3 ]. Patients, on the other hand, fear PONV more than 
shivering and postoperative pain[ 4 , 9 , 11 , 12 ]. PDNV has been shown to adversely impact 
quality of life and patient functioning, as well as decreasing patient satisfaction with the 
overall anesthesia and surgery experience[ 4 ]. 

 Research supports that patients who have experienced nausea are willing to pay up to $73 
US dollars out-of-pocket for an antiemetic prior to surgery;  those who have experienced 
emesis are willing to pay $100 out-of-pocket[ 4 , 9 , 13 , 14 ]. A  study examining the parental 
response to PONV in children found that parents were willing to pay up to $80 out-of-
pocket to prevent POV for their children[ 4 , 15 ]. 

   Th e experience of PDNV can be particularly problematic and impactful on the anesthe-
sia/surgical experience, as the patient no longer has immediate access to fast-acting anti-
emetic medications and may be unable to tolerate oral medications. Th ese patients are more 
likely to manage their symptoms with self-care strategies that are oft en ineff ective and not 
evidence-based[ 4 , 8 , 9 ]. Odom-Forren[ 4 ] examined patient management strategies and out-
comes associated with PDNV over a 7-day period. Whilst the total incidence of PDNV was 
56.9% (141 patients), only 14.9% (21 patients) recorded antiemetic use at home. A  wide 
variety of nonpharmacologic methods, such as gradual diet progression (liquid to solid), 
taking medication with food, drinking carbonated beverages, laying down/resting, cool 
washcloths/air, etc., was reported. Only one patient reported use of evidence-based, non-
pharmacologic methods such as acupressure.   Some patients reported stopping their pain 
medications. Whilst opioid medications are associated with PONV/PDNV, uncontrolled 
pain can also contribute to the development of PONV/PDNV    . 

 As the impact of the patient experience and patient satisfaction on hospital/ambulatory 
setting reimbursement continues to grow and evolve, it will be critical to capture the multi-
faceted patient experience of PONV/PDNV. Traditional outcome measures have focused 
on incidence or cost measures, such as length of PACU stay, unplanned hospital admissions 
and/or visits to the emergency department.   PONV/PDNV incidence is typically measured 
by number of incidents of nausea or retching, the level of nausea is rated using a subjective 
visual analog scale, numerical rating scale or verbal rating scale[ 5 ]. Whilst these instruments 
capture important trends regarding PONV/PDNV, they fail to capture the patient experi-
ence and perspective of this symptomology. 
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 Hocking et al.[ 16 ] developed and validated an instrument designed to capture the  patient’s  
perspective of a high-quality anesthesia experience. Patients and members of the general 
public were asked to identify attributes that they considered to be associated with a “high 
quality” anesthesia experience. Eleven items were consolidated to fi ve factors, accounting 
for 72% of the variance in perceived anesthesia experience quality. Th ese factors included: 

•   attention/gentleness  
•   pain management  
•   information/confi dence  
•   PONV  
•   concerns addressed.    

Questions with the highest quality index and accounting for the greatest single item variance 
in patient perception of anesthesia quality were pain management (11% of the variance) and 
PONV (9% of the variance). 

 Other instruments and techniques can be useful in evaluating the patient experi-
ence of PONV/PDNV[ 5 ]. Diaries and surveys can be useful in capturing the full patient 
experience of PONV/PDNV across the extended recovery continuum.   Th e patient per-
ception of nausea duration, nausea and vomiting frequency, distress from nausea, and 
amount of vomiting can be captured using the Ambulatory Surgery Index of Nausea, 
Vomiting and Retching (AS-INVR) questionnaire, modifi ed from the Rhodes Index for 
use in ambulatory surgery[ 17 ]. Th e patient is asked to self-report on their experience 
with eight items since discharge from the surgical center;  the items are scored using a 
Likert scale ( Table  4.1 )  . Th e   Functional Living Index-Emesis (FLIE) questionnaire[ 18 ], 
originally developed to capture the impact of chemotherapy-induced nausea and vomit-
ing on daily living, can also be useful in capturing the impact of PDNV on patient func-
tioning and return to normal activities postambulatory surgery. Also scored on a Likert 
scale ( Table  4.2 ), the instrument asks the patient to retrospectively rank the impact of 
nausea and vomiting on their daily living experience over a timeframe designated by the 
researcher, usually 3, 5 or 7 days    .          

  Nursing perspective 
   Th e prevention and management of PONV and PDNV require a multidisciplinary team 
approach incorporating both pharmacologic and nonpharmacologic interventions. Th e 
healthcare team lead who has the most contact with the patient and family, and as such 

 Table 4.1      Ambulatory Surgery Index of Nausea, Vomiting and Retching (AS-INVR)[ 17 ]  

 Since discharge How many times did you vomit?

How much distress have you felt from retching or dry heaves?

How much distress did you have from vomiting?

How long have you felt nauseated or sick to your stomach?

How much distress have you felt from nausea or being sick to your stomach?

How much did you vomit?

How many times have you felt nausea or sick to your stomach?

How many times have you had periods of retching or dry heaves?
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serves as the patient advocate and the care coordinator is the nurse. One of the few studies[ 1 ] 
examining the nurse’s perspective of the care of the patient with PONV reported that nurses 
derive their care from four sets of tools at their disposal: listen and understand, information, 
the clinical eye and availability. 

 “  Listen and understand” implies that nurses are observant and  listen  to the patient by 
using all of their senses, by being fully present in their care. Nurses support their patients 
to talk about their feelings, thoughts and fears;  actively listening to the conversation, but 
also observing the patient with their full senses, capturing body language, facial expression, 
variation in vocal tone, and so on. Activation of and appropriate application of the “listen 
and understand” tool enables the nurse to better support patients and relieve their fear of 
PONV[ 1 ]. 

   Th e second instrument in the nursing toolbox is the “information” tool. An informed 
patient has a better opportunity to reduce, or possibly eliminate their insecurity and fear 
surrounding PONV. Th e nurse serves as the information conduit throughout the surgi-
cal/anesthesia continuum, providing patient education regarding preparation, expected 
experiences and management strategies. Th is information is critical to strengthening the 
patient’s capacity to physically and psychologically manage all perioperative events they 
may encounter  [ 1 ].   

 Th e “clinical eye” incorporates the nurse’s theoretical and practical skills essential to the 
individualized assessment, diagnosis and management of each patient encountered. Th is 
tool empowers the nurse to synthesize the full patient perspective and tailor a fully engaged, 
multimodal interventional approach to the prevention and management of PONV/PDNV 
across the surgical and anesthesia continuum[ 1 ]. 

 Table 4.2      Functional Living Index-Emesis (FLIE) items[ 18 ]  

How much nausea have you had?

Has nausea aff ected your ability to maintain usual recreation or leisure activities?

Has nausea aff ected your ability to make a meal or do minor household repairs?

How much has nausea aff ected your ability to enjoy a meal?

How much has nausea aff ected your ability to enjoy liquid refreshment?

How much has nausea aff ected your willingness to see and spend time with family and friends?

Has nausea aff ected your daily functioning?

Rate the degree to which your nausea has imposed a hardship on you (personally)

Rate the degree to which your nausea has imposed a hardship on those closest to you

How much vomiting have you had?

Has the vomiting aff ected your ability to maintain usual recreation or leisure activities?

Has vomiting aff ected your ability to complete your usual household tasks?

How much has vomiting aff ected your ability to enjoy a meal?

How much has vomiting aff ected your ability to enjoy liquid refreshment?

How much has vomiting aff ected your willingness to see and spend time with friends?

Has vomiting aff ected your daily functioning?

Rate the degree to which your vomiting has imposed a hardship on you (personally)

Rate the degree to which your vomiting has imposed a hardship on those closest to you
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 Th e fi nal instrument in the nursing toolbox is “availability,” which equates to nursing 
presence, both physical and emotional. Physical presence assures the patient that they are 
not alone in their experience and that there is a knowledgeable caregiver available to sup-
port them. Emotional presence assures the patient of acceptance and understanding, and 
sometimes provides them with a sense of confi dence to face their fears and better manage 
whatever they may encounter during their surgical and anesthesia experience[ 1 ]. 

 Th e nursing perspective presents with unique challenges and responsibilities across the 
surgical and anesthesia continuum. 

  Preadmission testing and preoperative holding 
   Th e primary responsibilities of the preadmission testing and preoperative holding nurse 
are to prepare the patient for surgery through assessment, planning, intervention and edu-
cation[ 19 ]. Assessing the risk of PONV and PDNV is a critical component of preoperative 
assessment, planning and care. Th e nurse has multiple responsibilities in the preoperative 
management of patients at risk for PONV/PDNV. First and foremost, they must serve as 
the coordinator of care, assuring that patient risk is clearly communicated to all members 
of the anesthesia and surgical teams. Pre- and intraoperative prophylaxis is essential to the 
prevention of PONV/PDNV. Th is prophylaxis will not occur without appropriate risk com-
munication by the preoperative nurse  . 

   Educational intervention is also critical to the prevention and/or management of 
PONV/PDNV. Patients with a history of protracted PONV/PDNV are oft en fearful and 
anxious going into a surgical procedure. Assurance that risk will be communicated and 
that all resources will be focused on prevention can go a long way in reducing patient 
anxiety and fear. Th e patient can also be empowered to act on their own behalf by 
encouraging them to openly communicate with their anesthesia provider regarding risk. 
Postoperative education should begin with fi rst contact.   Instructing the patient and fam-
ily in appropriate opioid and antiemetic use may help to assure better symptom manage-
ment on discharge.   A review of common nonpharmacologic management approaches 
will also provide the patient/family with additional resources to draw upon in PDNV pre-
vention and management. Acupuncture and acupressure are well established as eff ective 
interventions in the prevention and management of PONV/PDNV[ 6 , 20 , 21 ] and should 
be encouraged as independent patient management strategies across the care continuum      .  

  Intraoperative care 
   Intraoperative prophylaxis for PONV/PDNV is primarily pharmacologically driven under 
the direction of the anesthesia team. Nursing communication during hand-off  to the 
intraoperative and postoperative team, however, is critical to assuring that patient risk is 
communicated. Patient advocacy, to include encouragement of pharmacologic and non-
pharmacologic prophylaxis, will help to assure improved outcomes postoperatively  .  

  Postanesthesia care 
   Th e primary goal in the immediate postanesthesia period (Phase I) is the safe emergence 
of the patient from anesthesia and transfer to the next level of inpatient care if appropri-
ate. Th e later stage of postanesthesia care (Phase II) is focused on the safe transition of the 
patient to their home environment[ 19 ]. Th e Phase I patient is oft en unable to advocate for 
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their needs, thus it is critical that the perianesthesia nurse is vigilant to all aspects of patient 
management, to include the assessment for and management of PONV. Assuring adequate 
hydration and prudent administration of a multimodal pain management plan, with 
antiemetics as indicated, are critical to PONV prevention and management. Evidence-based 
nonpharmacologic interventions, such as acupuncture (including acupressure), should be 
considered as adjunctive interventions in the management of PONV[ 6 , 20 , 21 ]. Although a 
  Cochrane Review concluded that the evidence supporting the eff ectiveness of aromatherapy 
in the management of PONV/PDNV is inconclusive[ 22 ], controlled breathing with or with-
out aromatherapy may be considered a low-risk nursing intervention useful in the manage-
ment of PONV/PDNV  [ 6 , 23 , 24 ].   Discharge teaching should include an emphasis on home 
management of PDNV, with an emphasis on the importance of contacting the ambulatory 
center or surgeon for protracted PDNV. Follow-up phone calls should also capture incidence 
of PDNV as well as the impact of the symptom on patient recovery and transition to routine 
daily activities. If early postoperative follow-up calls indicate signifi cant PDNV, continued 
follow-up at 5–10 days may be indicated to assure that PDNV has been resolved      [ 4 , 5 , 9 ].   

  Summary 
 Although PONV/PDNV are considered by many to be the big “little problem”[ 1 , 2 ] it 
remains a major concern and fear of surgical patients. In addition to being a feared and 
dreaded experience for the patient, uncontrolled PONV/PDNV is a source of frustration 
for the anesthesia/surgical team. A  collaborative, multidisciplinary multimodal approach 
to the prevention and/or management of these noxious phenomena is critical to improved 
healthcare outcomes and patient/family satisfaction.   
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   Introduction 
   Pharmacogenomics has made signifi cant contributions to several areas of medicine, includ-
ing psychiatry, where it has been shown to be useful for drug selection[ 1 ], and oncology, 
where it has been shown to be useful in predicting drug effi  cacy and preventing potentially 
fatal adverse drug reactions[ 2 ]. In the world of anesthesiology, pharmacogenomics has had 
a limited impact to date. Postoperative nausea and vomiting (PONV) continues to be a prob-
lem for many patients aft er undergoing general anesthesia. Th e variable course of PONV 
may arise from a multitude of factors and it has been suggested that genetic factors may play 
a signifi cant role in the background risk of developing PONV, including resistance to anti-
emetic prophylaxis and/or therapy[ 3 ]. 

 Understanding the factors that contribute to the occurrence of PONV and the variability 
of responses to antiemetic drugs is critical for the successful management of patients. Th is 
chapter will review the current pharmacogenomics literature and how it relates to the devel-
opment and management of PONV.  

  PONV risk assessment 
   Th e development of PONV is multifactorial in origin and involves numerous receptors and neu-
rotransmitters. PONV risk factors have been described in the literature since the late 1800s[ 4 ]. 
Th e modern era of PONV risk factor research began in the early 1990s, with the publication 
of the fi rst studies that attempted to identify PONV risk factors[ 5 , 6 ]. Since that time, various 
risk factors have been identifi ed: female sex, previous history of PONV and motion sickness 
(including a family history), nonsmoking, duration of anesthesia, postoperative opioid use, use 
of general anesthesia with or without nitrous oxide, type of surgery and a younger age  [ 7 – 10 ]. 

 Some patients experience PONV whereas others do not, despite undergoing the same 
surgical procedure and receiving the same doses of opioids[ 11 ]. Th is may be at least par-
tially associated with individual variations in sensitivity to opioids[ 12 ].   Genetic variations, 
of which single-nucleotide polymorphisms (SNPs) play a key role, may be involved in the 
therapeutic and adverse eff ects of drugs in surgical patients[ 13 , 14 ]. 

 Most studies continue to pursue an essentially epidemiologic approach, focusing on 
readily discernible clinical risk factors, whereas genetic and other molecular biological 
patient characteristics have not been extensively examined in relation to PONV[ 15 , 16 ].  
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  Genetic factors 
 Genetic variations can infl uence a drug’s pharmacokinetics by altering the functioning of 
enzymes responsible for drug metabolism, and hence disposition, as well as the transport of 
proteins, which infl uence absorption, distribution and bioavailability. Genetic variation also 
plays a role in pharmacodynamics: infl uencing enzymes and receptors that play a major role 
in drug eff ect[ 17 ]. Evidence now specifi cally suggests that pharmacogenomics infl uences 
perioperative medications from absorption through elimination. 

 Th e history of clinical research as it relates to inherited factors involved in the pathogen-
esis of PONV or motion sickness is relatively new, with the oldest paper in this area being 
published less than 10 years ago. Th e most frequently addressed question relates to inherited 
resistance to antiemetic drugs and to a lesser degree the genetics and risks of developing or 
not developing PONV[ 3 ]. Th e targets of researchers are the principal receptors, ligands and 
their associate polymorphisms linked to nausea and/or vomiting sensitivity or pharmacol-
ogy ( Table 5.1 ).    

  5-Hydroxytryptamine receptor antagonists 
   PONV may be successfully prevented or treated by administering 5-hydroxytryptamine 
type 3 (5-HT 3 )-receptor antagonists[ 18 ]. Th is fi nding, together with the fact that the activa-
tion of 5-HT 3  receptors on vagal gastrointestinal aff erents or in the central chemoreceptor 
trigger zone may provoke acute emesis, indicates an involvement of the serotonin system in 
the pathogenesis of PONV[ 19 , 20 ]. Th ere are several 5-HT 3  receptor genes (5-HT 3  A–E) with 
high sequence homology[ 21 , 22 ]. In particular, the genes for the subunits 5-HT 3 A ( HTR3A ) 
and 5-HT 3 B ( HTR3B ) are located close together on chromosome 11q23.1. Th e 5-HT 3 B sub-
unit is considered to be eff ective only in conjugation with the 5-HT 3 A subunit and may spe-
cifi cally modify its function. Both subunits are coexpressed in diverse cerebral and intestinal 
regions and appear to form the 5-HT 3  receptor as a heteromeric complex[ 23 – 27 ]. 

 Th e contribution of  HTR3A  and  HTR3B  polymorphisms, as they relate to nausea and 
vomiting, has been examined in a cohort of patients undergoing cancer chemotherapy, 
where it was demonstrated that patients who were homozygous for the 100_02 AAG dele-
tion in the noncoding promoter region of the  HTR3B  gene experienced vomiting more 
frequently whilst receiving chemotherapy[ 28 , 29 ]. A pilot study investigated both  HTR3A  
and  HTR3B  genes for genetic variants in a cohort of postoperative vomiting (POV) patients 
aft er general anesthesia. Th is study identifi ed 16 diff erent variants in the  HTR3A  gene and 
19 in the  HTR3B  gene, refl ecting a remarkable genetic heterogeneity. Th e  HTR3A  variant 
c1377A>G was associated with a signifi cantly higher risk for POV and the  HTR3B  variants 
c5p+201_+202delCA and c6-137C>T were associated with a lower risk for POV. However, 
all signifi cant genetic variants were located in noncoding regions of their respective genes. 
Th e study concluded that genetic variations in the  HTR3A  and  HTR3B  genes may be associ-
ated with the individual risk of developing POV[ 30 ]. 

 Additionally, a study addressing the eff ects of  HTR3A  and  HTR3B  gene polymorphisms 
on nausea induced by the drug paroxetine in 78 Japanese psychiatric patients[ 31 ] demon-
strated that the Tyr129Ser polymorphism of the  HTR3B  gene signifi cantly increased the 
risk of nausea. Th ey also reported that  HTR3A  gene polymorphisms and the  CYP2D6  gene 
polymorphisms had no signifi cant eff ect on the incidence of nausea in this cohort. 

 In 2013, a study investigated whether common genomic variations of the A and B subunits 
of  HTR3  aff ect the incidence of POV in a Chinese Han population undergoing gynecological 
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surgery[ 32 ]. Five SNPs in  HTR3A  and  HTR3B  were identifi ed and one of these (rs3758987 
in  HTR3B ) was statistically associated with an increased risk of vomiting. It was therefore 
concluded that the  HTR3B  rs3758987 SNP might serve as a predictor of POV.    

  Cytochromes 
   Th e cytochrome P450 (CYP450) family contains the most important phase I drug- 
metabolizing enzymes. All currently used 5-HT 3  antagonists are metabolized via cytochrome 
P450 enzymes. CYP2D6 is responsible for the majority of the metabolism of  dolasetron 
and tropisetron[ 33 ] and partially responsible for the metabolism of ondansetron, which is 
also broken down by the enzymes CYP3A4, CYP2E1 and CYP1A2[ 34 ]. In contrast, granise-
tron is primarily metabolized by CYP3A4, with no contribution from CYP2D6[ 35 ]. Of the 
various CYP enzymatic pathways, CYP2D6 has gained much attention in relation to 5-HT 3  
antagonists. Th e variable clinical response seen with the 5-HT 3 -receptor antagonists may be 
explained by polymorphisms of the gene encoding for the CYP2D6 enzyme. 

 Th ere are over 100 CYP2D6 allelic variants identifi ed;  however, there are basically 
four metabolizer states: poor metabolizers (PM) who have two inactive genes and have no 
 enzymatic activity;  intermediate metabolizers (IM) who have less than normal activity, usu-
ally one inactive and one low activity gene;  extensive metabolizers (EM) who have one to 
two wild-type genes;  and ultrarapid metabolizers (UM) who possess more than two wild-
type genes and increased enzymatic activity[ 36 ]. UMs have a duplication or amplifi cation of 
the entire  CYP2D6  gene, resulting in increased enzyme production. 

 Table 5.1      Known human genes and their polymorphisms associated with occurrence of PONV, CINV and 
motion sickness[ 3 ]  a    

Target protein
Gene 
symbol Type of observed polymorphism

Serotonin receptor type 3 5HT 3 SNP in  HTR3A : 1377A>G  
SNP in  HTR3B : rs1176744, rs1672717, rs3782025, rs3758987, 
Tyr129Ser, Ala223Thr, Y129S;  -100_-102delAAG deletion, 
c5+201_+202delCA, c6-137C>T  
SNP in  HTR3C : K163 N, A405G  
SNP in  HTR3D : rs6443930

Cytochrome P450 2D6 isoform CYP2D6 SNP: rs16947 (CYP2D6*2), rs35742686 (CYP2D6*3A), 
rs1135824 or rs35742686 (CYP2D6*3B), rs3892097 
(CYP2D6*4), rs5030655 (CYP2D6*6), rs5030867 (CYP2D6*7), 
rs5030865 (CYP2D6*8), rs5030656 (CYP2D6*9), rs1065852 
(CYP2D6*10), rs5030863 (CYP2D6*11) further genotypes 
listed at  http://snpedia.com/index.php/CYP2D6 

Muscarinic receptor type 3 CHRM3 SNP: rs685550, rs10802789, rs2165870

Dopamine receptor type 2 DRD2 Taq IA

Morphine opioid receptor OPRM1 SNP: rs1799971, haplotypes

Transporter adenosine 
triphosphate-binding cassette 
subfamily B member 1

ABCB1 SNP: rs1045642, rs2032582 and rs1128503, 3435C>T, 
2677G>T/A

Catecol-O-methyltransferase COMT SNP: rs4680, rs4633, rs165722

Neurokinin 1 receptor TACR1 SNP: rs3755468, haplotypes

       a       Taken from reference 3, with permission. CINV, chemotherapy-induced nausea and vomiting; 
SNP, single-nucleotide polymorphism.    
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 Th e 5-HT-receptor antagonists have revolutionized PONV. Th ese agents have a high effi  -
cacy with a low incidence of adverse eff ects. Unfortunately, not every patient has a benefi cial 
response when treated. Th is failure to respond seems in part to be due to interindividual 
genetic variations in the  CYP2D6  gene or other as-yet-uncharacterized variations[ 37 ]. 

   One study demonstrated that patients with three active copies of the  CYP2D6  gene 
(UMs) who received tropisetron for the treatment of chemotherapy-induced nausea and 
vomiting (CINV) had a signifi cantly higher mean number of vomiting episodes than EMs 
or PMs. In addition, the eff ects for the  CYP2D6  UMs were similar for those treated with 
tropisetron or ondansetron  [ 38 ]. 

   Failure to respond to ondansetron prophylaxis was also investigated in a recent study on 
PONV[ 37 ]. Patients who possessed three functional copies of the  CYP2D6  allele were more 
likely to experience vomiting, but not necessarily nausea, in the postoperative period des-
pite the prophylactic administration of ondansetron. Th e fact that vomiting, but not nausea, 
increased signifi cantly is not unexpected because ondansetron has previously been shown to 
be a better antiemetic than antinausea agent  [ 39 ]. Similar fi ndings were reported in two add-
itional studies in which the   effi  cacy of granisetron and dolasetron in preventing PONV were 
investigated[ 40 , 41 ]. Subjects receiving dolasetron, and who were carriers of the duplication 
of the  CYP2D6  allele, had more frequent vomiting episodes than patients in the granisetron 
group (granisetron is not metabolized by CYP2D6).   Another study in 92 surgical patients indi-
cated that those who possessed three or greater active  CYP2D6  alleles (and were thus classifi ed 
as UMs) had reduced ondansetron plasma concentrations compared to those subjects that had 
zero to two active alleles[ 42 ]. Th e involvement of the CYP2D6 system in PONV was further 
confi rmed by a study that presented data from trauma patients where it was noted that patients 
classifi ed as PM had less PONV compared to patients with the EM genotype [ 43 , 44 ]. 

 CYP450 enzyme synthesis may be stimulated or suppressed by environmental infl uences. 
Some experts have speculated that   the protective eff ect of smoking against PONV might 
be related to the induction of CYP450 enzymes by polycyclic aromatic hydrocarbons[ 45 ]. 
Th ese hydrocarbons are components of the “tar” portion of cigarette smoke  . Other clinical 
characteristics that aff ect CYP450 enzyme expression, for example, the consumption of alco-
hol or commonly prescribed medications such as cimetidine, erythromycin or terfenadine, 
or vegetables like cabbage, brussels sprouts, caulifl ower or red peppers, could be investigated 
as potential PONV risk factors. 

   Diagnostic tests to identify CYP2D6 isoenzyme activity are currently available for clin-
ical use. Th e   AmpliChip CYP450   (Specialty Laboratories, Valencia, CA, USA) is one such 
test that has been approved by the US Food and Drug Administration. Studies performed 
so far suggest that antiemetic treatment for POV could be made more effi  cacious by select-
ing a 5-HT 3  antagonist and/or another class of antiemetic drugs that is consistent with the 
patient’s CYP2D6 genotype. Specifi cally, patients that are UMs might benefi t from the use 
of granisetron or an antiemetic that is not metabolized by CYP2D6. Th is is currently only a 
theoretical concept since the cost of running such a test far exceeds the cost of using several 
diff erent antiemetic drugs at the same time. Overall, the cost-eff ectiveness of pharmacogen-
omics has not been evaluated, especially for PONV  . 

   Th e frequency of CYP2D6 metabolizer states tends to vary by ethnicity. Approximately 
5–10% of Caucasians are PMs and completely lack CYP2D6 activity, while approximately 2% 
of Caucasians are categorized as UMs with more than two active genes as a result of a dupli-
cation or even a several-fold amplifi cation of the  CYP2D6  gene. Some Hispanic groups may 
have an increased frequency of UMs, ranging from approximately 5% to 10%. Th e highest 

9781107465190_pi-182.indd   44 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:15:24 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.007

Cambridge Books Online © Cambridge University Press, 2016



Chapter 5: Genomics and personalized medicine in postoperative nausea 45

frequency of UMs appears to exist in ethnic groups originating in parts of Northern Africa 
and the Middle East  . In general, given the low frequency of ultrarapid CY2D6 metaboliz-
ers in the general US population, the number needed-to-treat for PONV may be as high as 
50[ 46 ] (this means that 50 patients would have to be genotyped to prevent one patient from 
vomiting  ).  

  Cholinergic muscarinic receptor type 3 polymorphism 
   Th e muscarinic acetylcholine receptors including M 3 , encoded by the cholinergic mus-
carinic receptor type 3 ( CHRM3 ) gene, have been associated with the emetic pathway 
and opioid-induced nausea/vomiting[ 47 ]. Th is is indicated by the fact that M 3  muscarinic 
antagonists impede motion sickness and opioid-induced nausea/vomiting[ 48 ]. Th e involve-
ment of another SNP, in the promoter region of  CHRM3  (rs2165870), was also recently con-
fi rmed to be predictive of PONV susceptibility by both a genome-wide association study in a 
Caucasian population[ 49 ] and a targeted genomic association study in Japanese patients  [ 50 ].  

  Dopamine receptor polymorphism 
   Dopamine receptors, specifi cally D2 and D3, are known to play a role in nausea and emesis, 
most likely through inhibition of adenylate cyclase[ 47 ], which alters the amount of cyclic 
adenosine 3�-5�-monophosphate within neurons located in the nucleus of the solitary tract 
and the area postrema[ 51 ]. Th e competitive antagonism of D2, and possibly D3 receptors, 
provides an explanation for the antiemetic activity of metoclopramide, droperidol, as well as 
other D2-receptor antagonists. A study performed in a Japanese population showed that the 
dopamine type 2 receptor (DRD2) Taq1A polymorphism had a moderate strength of asso-
ciation with the occurrence of early PONV  [ 52 ].  

  Mu-opioid receptor 
   Due to the direct association of opioids with the incidence and severity of PONV in surgical 
patients, a signifi cant number of previous pharmacogenomics investigations have focused 
on polymorphisms in the mu-opioid receptor (MOR) gene ( OPRM1 ), which serves as the 
main target of all clinically used opioid agonists. Th e major target of these investigations has 
focused on the common, nonsynonymous polymorphism in  OPRM1 –A118G (rs179991). 
Th e results and conclusions from the studies published so far remain controversial. Two 
studies reported a higher incidence of PONV in patients who were homozygous (AA) var-
iants[ 53 ]. Th is trend was confi rmed by another study from 2008 in postcesarean section 
patients, which showed that subjects who carried the AA (wild-type) for A118G had a signifi -
cantly higher rate of PONV, despite a lower consumption of morphine postoperatively[ 54 ]. 

 Other studies have not confi rmed an association between the A118G polymorphism and 
the incidence of PONV[ 40 , 41 , 44 ]. A Chinese study investigated the association of  OPRM1  
A118G and the variability of nausea and vomiting from fentanyl analgesia in patients under-
going a total abdominal hysterectomy or myomectomy. Th ey concluded that  OPRM1  A118G 
had no eff ect on the individual frequency of PONV or the side eff ects of fentanyl in Chinese 
women undergoing gynecologic surgery[ 55 ]. 

 Th e association of the A118G SNP was also recently questioned in a study that directly 
investigated whether this polymorphism was protective for PONV associated with intraven-
ous patient-controlled opioid analgesia (IV-PCA)[ 56 ]. Th e study found that A118G was not 
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protective against IV-PCA morphine-induced nausea or vomiting. In a recent meta-analysis, 
six clinical studies were included with a total of 838 women who received epidural analgesia 
with fentanyl during labor[ 57 ]. Th e meta-analysis indicated that there were no statistically 
signifi cant diff erences between an AA homozygote and a G carrier (AG + GG) as it relates to 
the incidence of nausea and vomiting. 

 A Japanese double-blinded study of 85 adult patients scheduled to undergo major 
elective surgery was performed to determine the genotypes and haplotypes of sev-
eral SNPs in the  OPRM1  gene and their association with PONV during the early post-
operative period for patients receiving fentanyl PCA. One out of the eight investigated 
SNPs rs9397685, in the intronic part of the  OPRM1  gene, was associated with diff er-
ences in the occurrence and severity of PONV. Four common haplotypes were identifi ed. 
PONV severity in patients with the GGGAACGC haplotype was signifi cantly lower than 
in carriers of other haplotypes  [ 58 ].  

  ATP-binding cassette, subfamily B, member 1 
   Th e ATP-binding cassette, subfamily B, member 1 (ABCB1) drug transporter (also known 
as P-glycoprotein or multidrug resistance 1) is a transmembrane effl  ux pump found in many 
tissues, including the blood–brain barrier[ 59 ]. Th e ABCB1 protein transporter recognizes 
a broad range of substrates, including the 5-HT 3 -receptor antagonists. A study investigated 
whether the 2677G>T/A and 3435C>T polymorphisms in the  ABCB1  gene infl uenced the 
effi  cacy of ondansetron in preventing PONV in patients undergoing general anesthesia[ 60 ]. 
Th e incidence of PONV was lower in patients with the 2677TT variant during the fi rst 2 h 
aft er surgery. Th ere were no signifi cant diff erences in the incidence of PONV between the 
diff erent genotype groups during the period between 2 and 24 h aft er surgery. Th e authors 
concluded that the  ABCB1  genotypes may be a clinical predictor of responsiveness for 
ondansetron. Another study investigated the association of several genomic factors, includ-
ing  ABCB1  polymorphisms with PONV[ 61 ]. Th e homozygous  ABCB1  diplotype (GG-CC) 
conferred an odds ratio of 0.12 with regard to the need for curative antiemetic treatment 
with ondansetron for PONV. When the association between the  ABCB1  and mu-opioid 
genes and adverse opioid drug reactions to oxycodone[ 62 ] were evaluated, it was noted that 
nausea and vomiting were more pronounced in the  ABCB1  wild-type genotype carriers 
(3435CC and 2677GG) when compared with the variant allele carriers (3435CT, 3435TT, 
2677GT and 2677TT). 

 In 2011, an Indonesian study with   cancer patients investigated the use of ondansetron 
and dexamethasone for the prophylaxis of CINV. Multiple SNPs for  ABCB1  (rs1045642, 
rs2032582 and rs1128503), 5-HTR3B (rs45460698, rs4938058 and rs7943062) and  CYP2D6  
([rs16947-CYP2D6 2], [rs3892097-CYP2D6 4] and [rs1065852-CYP2D6 10]) were evalu-
ated using Taqman assays. Carriers of the CTG haplotype of the  ABCB1  gene experienced 
CINV more oft en than other haplotypes in the delayed phase. No associations were found 
with the 5-HTR3B receptor haplotypes and  CYP2D6 -predicted phenotypes  [ 63 ]. 

 A SNP at position 3435 in the gene for the ABCB1 transporter was recently demonstrated 
to aff ect the antiemetic effi  cacy of 5-HT 3 -receptor antagonists. Cancer patients undergoing 
chemotherapy were given prophylactic granisetron, ondansetron or tropisetron, and the 
incidence of nausea, vomiting and the need for rescue antiemetics was examined. Patients 
who were homozygous for the  ABCB1  3435T allele responded better to antiemetic therapy 
compared with individuals who were heterozygous or homozygous for the  ABCB1  3435C 
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allele. Th is diff erence reached statistical signifi cance in the granisetron-treated group[ 64 ]. 
It is possible that patients with the TT genotype accumulate higher concentrations of 
5-HT 3 -receptor antagonists in the brain and are better protected from emesis as a result of 
enhanced activity of the ABCB1 transporter  .  

  Catechol- O -methyltransferase 
   Catechol- O -methyltransferase (COMT) is an enzyme that acts as a key modulator of the 
dopaminergic and adrenergic system. COMT polymorphisms may infl uence nausea and 
vomiting as the COMT enzyme modulates neurotransmission by metabolizing the cat-
echolamine dopamine. Blocking dopamine D2 receptors in the area postrema and vomiting 
center has an antiemetic eff ect, and enhanced dopaminergic activity in patients receiving 
COMT inhibitors can lead to increased nausea and vomiting. Th e SNP rs4680 (G472A) in 
the COMT gene is a missense variant leading to an amino acid exchange (Val158Met)[ 65 ]. 
In patients with migraines without aura, those with the Met-allele (L allele) had an increased 
incidence of nausea and vomiting, most likely due to the elevated levels of dopamine[ 66 ]. 
A  study investigated whether   combined COMT and mu-opioid receptor polymorphisms 
contribute to the morphine response in postoperative analgesia and PONV[ 67 ]. Patients 
received general anesthesia and were screened for the mu-opioid receptor polymorphism 
A118G (Asn40Asp) and the COMT G1947A (Val158Met) polymorphism. Heterozygous 
patients with mu-opioid receptor A118G and COMT G1947A mutations presented nausea 
scores that were signifi cantly lower when compared with homozygous patients    .  

  Neurokinin type 1 (substance P) receptors 
   Over 500 patents for neurokinin type 1 (NK 1 )-receptor antagonists have been fi led during 
the last 20 years, demonstrating the pharmaceutical industry’s interest in these agents[ 68 ]. 
Currently in the US there are two NK 1  receptor antagonists that have been shown to be 
safe and eff ective for the prevention of PONV in humans, aprepitant (EMEND)[ 69 ] and 
rolapitant  [ 70 ]. 

   Several preliminary reports (mostly in the abstract form) have attempted to determine 
the genetic infl uence of SNPs in the tachykinin receptor 1 ( TACR1 ) gene, which encodes 
for the NK 1  receptors. In a study addressing lower abdominal surgery, it was observed that 
the SNP rs3755468 in the  TACR1  gene was associated with an increase in the incidence 
and severity of PONV in female patients. Female gender and wild-type homozygote carri-
ers of the rs3755468 SNP were identifi ed as independent predictors of severe PONV. Th e 
odds ratios for the two factors were 6.95- and 4.83-fold higher, respectively. Th e rs3755468 
SNP in the  TACR1  gene appears to be associated with the gender diff erence in PONV and 
is located within the predicted estrogen response element and a DNase I hypersensitivity 
site    [ 71 ]. 

   A recent review of multiple trials of NK 1 -receptor antagonists for treatment of emesis 
confi rmed their eff ectiveness but also revealed that use may be associated with increased 
rates of infection, suggesting that ongoing safety assessment is required  [ 72 ].   

  Treatment pharmacogenomics 
 Genetic variation appears to play a signifi cant role in PONV. While there are obvious envir-
onmental factors that contribute to PONV, the role of genetics should not be underestimated. 
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Additionally, it is important for practitioners to keep in mind that resistance to antiemetics 
may not be due to a mechanistic drug failure but rather genetic resistance. As a general rule, 
when managing patients with PONV, it would seem reasonable that if a treatment was not 
successful in the past or less than acceptable, it should not be repeated. Th is concept appears 
to apply to all drugs from a given class. Overall, by keeping in mind that the genetics of a 
patient may aff ect the PONV phenotype, caregivers may be able to deliver individualized 
and more eff ective care.  

  Summary 
 Confl icting results between studies are common, making incorporation of pharmacogenet-
ics into clinical care diffi  cult[ 73 – 75 ].   Insuffi  cient power is also a problem with many genetic 
association studies, probably due to the expense and the diffi  culty running these types of tri-
als on a very large scale  .   Taking into consideration the low cost of PONV prophylaxis versus 
the high cost of genetic analysis, polymorphism analysis might only be considered for very 
high-risk patients as a component of combination antiemetic therapy[ 15 , 16 ]. 

 Many preliminary studies are still necessary to help develop the framework for larger 
trials, allowing both the determination of the genetic variations to be investigated as well as 
providing data to determine the required number of patients to achieve adequately powered 
trials. Other barriers to the adoption of genetic testing in clinical care include the practical-
ity of performing tests preoperatively and the absence of peer-reviewed guidelines to facili-
tate transitioning from the bench to the bedside. 

 In the near future, pharmacogenetic approaches may be implemented to design per-
sonalized perioperative intervention trials to demonstrate clinical and economic outcome 
benefi ts over empirical treatment. As each patient has a unique genetic background, anes-
thetic regimens should be tailored to maximize benefi cial eff ects while minimizing adverse 
eff ects and any associated economic burden. In the near future, and currently in some cases, 
pharmacogenetic information will be part of each patient’s medical record. Th e clinical util-
ity of genotyping in the future will depend on strong evidence of genotype–phenotype asso-
ciations and reproducible personalized interventions in robust clinical studies  .     
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53

  Serotonin antagonists were the fi rst group of drugs specifi cally developed to prevent and/or 
treat nausea and vomiting with the advantage of lacking sedating properties. In this chapter, 
we will discuss specifi c drugs and their pharmacologic and clinical properties. 

  Ondansetron 
   Ondansetron was the fi rst serotonin antagonist marketed[ 1 ]. Ondansetron is available for 
administration by oral or intravenous (IV) route. Th e compound is a carbazole derivate, 
structurally related to serotonin and metoclopramide[ 2 ]. Th e drug is available as a racemic 
mixture, which contains the S (+)  and R (−) stereoisomers.   Both isomers display a high 
affi  nity for the 5-hydroxytryptamine type 3 (5-HT 3 ) receptor[ 3 ]. However, the agent dem-
onstrates non-5-HT 3  receptor-specifi c binding: 5-HT1B, 5-HT1C, alpha-1-adrenergic and 
opioid receptors. Non-5-HT 3  receptor binding accounts for 20% of the total binding. Th us, 
ondansetron is less selective in receptor binding compared to other 5-HT 3  receptor antago-
nists  ;  chemical structure and/or metabolism may contribute to this diff erence in binding 
affi  nity. Th is property may be an asset to ondansetron treatment in view of emesis being 
due to more than 5-HT 3  receptor activation. In humans, the R-isomer, administered in iso-
lation, presents a better safety profi le and antiemetic effi  cacy compared with the racemic 
mixture[ 4 , 5 ]. 

   In humans, ondansetron is extensively and rapidly metabolized. Five percent of the par-
ent compound is recovered in urine, and hepatic metabolism accounts for 95% of ondan-
setron clearance[ 6 ]. Hydroxylation at the indole ring followed by conjugation is the major 
route of metabolism. A minor route of metabolism is  N -demethylation. Due to fi rst-pass 
metabolism, drug bioavailability is approximately 56% and the beta elimination is 3.7–4.7 h 
following oral administration.   Multiple cytochrome P450 (CYP450) enzymes are involved 
in ondansetron metabolism:  CYP1A1, CYP1A2, CYP2D6 and the CYP3A subfamily[ 7 ]. 
Patients with genetic polymorphism of the CYP2D6 allele metabolize ondansetron at an ult-
rarapid rate[ 8 ]. As a result, an increased incidence of prophylactic postoperative nausea and 
vomiting (PONV) therapy failure with ondansetron is found in this patient population  [ 9 ]. 

 Some of the nonconjugated metabolites possess pharmacologic activity;  however, con-
tribution to the biological activity of ondansetron is minimal due to low plasma concentra-
tions. Volume of distribution remains unchanged with increasing age, whereas clearance 
decreases[ 6 ]. Gender diff erences are slightly present: plasma clearance is slower in females. 
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Although the cause for such a diff erence is unclear, a slower plasma clearance in females 
may be benefi cial, considering the increased likelihood of developing PONV in females[ 10 ]. 

 In humans, the predominant route of excretion is via the urine[ 11 ]. No eff ect on ondan-
setron pharmacokinetics was found in patients with renal impairment[ 12 ]. Patients with 
hepatic insuffi  ciency had signifi cantly decreased clearance at a degree analogous to the 
extent of hepatic impairment[ 13 ]. In children, ondansetron displayed pharmacokinetics 
similar to adults  [ 14 ]. 

   Clinical fi ndings of ondansetron in antiemetic treatment for chemotherapy- and 
radiation-induced emesis were followed by the application of the medication for the treat-
ment of PONV. In a meta-analysis including 7,177 patients receiving ondansetron prophy-
laxis and 5,712 receiving placebo or no treatment, the investigators found that out of 100 
surgical patients receiving adequate prophylactic dose of ondansetron, treatment would 
prevent 20 episodes of postoperative vomiting[ 15 ]. In the prevention of PONV, a 1-mg dose 
administered intravenously was not signifi cantly diff erent from placebo and increasing the 
dose beyond 8 mg did not further improve effi  cacy[ 16 ]. In contrast, in a nauseated or vomit-
ing patient, 1 mg IV ondansetron was more effi  cacious than placebo in preventing further 
episodes of nausea or vomiting. Nevertheless, the results suggested no evidence of a clinic-
ally relevant dose–response between 1 and 8 mg. 

   A cost-eff ectiveness analysis demonstrated that prophylaxis with eff ective doses (i.e., 4 or 
8 mg) was less cost-eff ective and less safe than treatment of PONV with eff ective doses (i.e., 
1 or 4 mg)[ 17 ]. Th e aforementioned results might not be applicable now as ondansetron is 
currently a generic drug  . Prophylactic IV administration at the end of surgery compared to 
before induction of anesthesia was associated with lower nausea scores, earlier intake of nor-
mal food, decreased incidence of frequent emesis (more than two episodes) and increased 
emesis-free time during the fi rst 24 h postoperatively[ 18 ]. Half-life may explain these diff er-
ences in clinical effi  cacy for diff erent administration times. Th ese results demonstrate that 
optimal timing of administration is at the end of surgery  . 

   Minimal adverse eff ects have been found with ondansetron administration. Of 100 
patients receiving prophylactic ondansetron, the incidence of headache was 3%[ 15 ]. To a 
lesser extent, constipation and elevated liver enzymes were also reported. All age groups 
tolerated ondansetron well, that is, there was no increase in adverse events associated with 
increased age[ 19 ]. Ondansetron did not potentiate general anesthesia-induced respira-
tory depression[ 20 ].   Although extrapyramidal symptoms are generally not considered to 
be a complication of ondansetron, there are case reports of patients receiving ondanse-
tron   and experiencing extrapyramidal reactions and psychiatric symptoms both in the 
postoperative setting and in patients undergoing chemotherapy[ 21 , 22 ]. Th e good safety 
profi le of ondansetron may be explained by its highly specifi c binding to 5-HT 3  receptors. 
Nonetheless, some studies have demonstrated negative eff ects of ondansetron on QT inter-
val prolongation, which has led to a warning from the US Food and Drug Administration 
(FDA) about the use of high-dose ondansetron for chemotherapy-induced nausea and 
vomiting (CINV)  . 

   Drug interactions between ondansetron and other compounds is low. Since the hepatic 
CYP450 enzyme system is active in ondansetron metabolism, inducers and inhibitors of this 
system are anticipated to aff ect ondansetron plasma concentration. Elimination of ondanse-
tron was prolonged in a group of patients taking morphine[ 20 ]. Th is analysis was, however, 
conducted in a small patient population ( n  = 8)    .  
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  Dolasetron 
   Dolasetron mesylate was approved for use for the treatment nausea and vomiting by the 
FDA in 1997. Unlike ondansetron, which binds to the 5-HT 1 B, 5-HT 1 C, alpha-adrenergic 
and opioid receptors,   dolasetron is a pure 5-HT 3 -receptor antagonist   for the treatment of 
nausea and vomiting. Following dolasetron administration, the   enzyme carbonyl reduc-
tase converts the drug to its active form, hydrodolasteron. Hydrodolasetron has a much 
higher affi  nity for the 5-HT 3  receptor[ 23 ]. Despite the brief elimination half-life of dola-
setron of 0.13–0.24 h, the active form of the drug, hydrodolasteron, has a half-life of 4–8 
h. Th us, the duration of pharmacologic eff ect seen aft er the administration of dolasetron 
is signifi cantly longer than that of ondansetron. On fi rst glance, such properties make 
dolasetron a more appealing pharmacologic modality for extended treatment of nausea 
and vomiting. 

 Metabolism of hydrodolasetron occurs from both conjugation and the CYP450 system. 
Th e majority of glucuronide or sulfate conjugated to hydrodolasetron is excreted in the 
urine[ 23 – 35 ]. However, the well-known   genetic variation that occurs in the CYP2D6 com-
ponent of the CYP450 system means that there will be a wide variation in the rates of metab-
olism of hydrodolasetron ranging from ultrarapid metabolizers (UM) to poor metabolizers 
(PM). Th us, the effi  cacy of this drug, like any other pharmacologic agent dependent on the 
cytochrome P450 system, may be widely disparate    . 

 Th e high bioavailability of oral administration of dolasetron makes it an attractive option 
for patients who can tolerate the oral administration of the drug despite their underlying 
nausea and vomiting[ 2 ].   Th e previous use of intravenously administered dolasetron was 
suspended by the FDA in 2010 secondary to the risk of hemodynamically unstable tach-
yarrhythmias. Th e prolongation of the QTc interval on the electrocardiogram (ECG) seen 
with dolasetron is noted to be less than the QTc prolongation observed with ondansetron. 
Potassium channel blockade and subsequently delayed repolarization of the myocardium 
may be a signifi cant contributor of such arrhythmogenic eff ects. Dolasetron does slow car-
diac depolarization by blocking fast sodium channels[ 26 ]. Th is can also lead to changes in 
heart rate, PR interval length, QRS duration and QTc prolongation. Patients who receive 
dolasetron should receive a screening ECG to assess for the presence of QTc prolongation, 
thereby identifying the patients at highest risk of such phenomena  . 

   Th e dose of dolasetron administered for control of nausea and vomiting in clinical trials 
has ranged from 12.5 to 200 mg[ 2 , 27 ]. Th e use of the medication at doses of 12.5–25 mg in 
postoperative gynecology patients was shown to achieve signifi cant suppression of nausea 
and vomiting[ 2 ]. Higher doses of the drug have a clinical ceiling eff ect. Given the increased 
risk of side eff ects with higher plasma levels of the drug (i.e., tachyarrhythmias), the min-
imum eff ective dose for clinical control of the patient’s symptoms should be targeted. Th e 
utilization of a 50-mg dose of dolasetron was shown to be as eff ective as 4 mg of ondansetron 
in the prevention of nausea and vomiting[ 2 ]. Clearly, dolasetron use for the prevention of 
nausea and vomiting has been shown to be noninferior to ondansetron  [ 28 , 29 ]. 

 Despite the large amount of experience with dolasetron, which was approved for use 
over 15 years ago, its use is signifi cantly limited by its arrhythmogenic side-eff ect profi le, 
necessitating oral use. Additionally, newer 5-HT 3  antagonists that have a greater duration 
of action, such as palonosetron, make the use of dolasetron inferior to those agents and to 
intravenously administered ondansetron  .  
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  Granisetron 
   Th e empirical formula of granisetron is C 18 H 24 N 4O *HCl;  it is an indazole. Granisetron is 
available for administration by way of mouth or IV route. For IV administration, 0.35–3.0 
mg is the recommended dose for the prevention of PONV. Th is administration may occur 
before induction of anesthesia or at the end of surgery[ 30 ].   Granisetron exhibits little or no 
affi  nity for serotonin receptors other than 5-HT 3 . Further, suggestive of the affi  nity of grani-
setron for the 5-HT 3  serotonin receptor, increasing concentrations of the natural ligand will 
not displace the antagonist[ 31 , 32 ]. Compared to ondansetron, granisetron is more select-
ive for the serotonin 5-HT 3  receptor  .   However, in a meta-analysis comparing the effi  cacy 
of ondansetron and granisetron in the treatment of CINV, the authors concluded that the 
compounds have similar antiemetic effi  cacy[ 33 ]. Th e same conclusion was found in a separ-
ate meta-analysis comparing all four serotonin antagonists in the treatment for CINV[ 34 ]. 
Th is meta-analysis reached an additional conclusion that granisetron demonstrated greater 
effi  cacy than tropisetron in the treatment for CINV  . 

 Ondansetron and granisetron exhibit similar clinical antiemetic effi  cacy.   For patients at 
high risk of PONV, combination therapy is recommended. Granisetron and promethazine 
coadministration was more eff ective than promethazine alone in the prevention of PONV 
in females undergoing outpatient laparoscopies[ 35 , 36 ]. Prophylactic granisetron 1 mg IV 
was ineff ective in the prevention of intraoperative nausea and vomiting during elective 
cesarean delivery under spinal anesthesia  [ 37 ].   Granisetron treatment for CINV was signifi -
cantly aff ected by genetic polymorphism for the gene for adenosine triphosphate-binding 
cassette subfamily B member 1 (ABCB1), a transmembrane effl  ux pump[ 35,38 ]. Individuals 
with the TT genotype for the nucleotide at position 3435 of the gene for the ABCB1 pro-
tein transporter displayed better control of emesis than individuals who had the heterozy-
gous or homozygous CC genotype[ 39 ]. A possible explanation is that the antiemetic agents 
accumulate to a higher concentration in the brain in individuals with the TT genotype due 
to enhanced activity of the ABCB1 transporter than individuals with the heterozygous or 
homozygous CC genotype  [ 39 ]. 

   Granisetron metabolism in the liver is rapid. Following incubation of granisetron with 
human liver microsomes,  N -demethylation or hydroxylation metabolites via the CYP system 
were identifi ed as major products, with the hydroxyl product predominating. Ketoconazole 
is a CYP3A inhibitor.   Th e inhibition of granisetron metabolism by chemical inhibitors sug-
gests that CYP3A is responsible for the metabolism of granisetron[ 40 ]. Metabolism by way 
of CYP3A isoenzyme is unique to granisetron compared to other serotonin antagonists. No 
inhibition of other CYP activities was found in the presence of granisetron. 

 Granisetron has an elimination half-life between 5 and 8 h.  Its prolonged duration of 
action is an attractive property of this drug. However, because multiple factors besides sero-
tonin contribute to PONV, granisetron’s high selectivity for serotonin receptors may make 
this drug less attractive when compared to a less-selective drug such as ondansetron. Within 
24 h of drug administration, 12% of granisetron dose is found excreted unchanged in the 
urine[ 40 ]. Because granisetron is metabolized primarily by the CYP3A subfamily, patients 
who are CYP2D6 UM do not experience a change in the clinical effi  cacy of granisetron. 
Accordingly, granisetron may be appropriate with the concomitant administration of drugs, 
which may have inhibitory or induced eff ects on the CYP2D6 isoenzyme    .   Th e incidence of 
side eff ects did not diff er between granisetron treatment and placebo groups in an analysis 
of pediatric patients in the postoperative setting  [ 41 ]. 
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   Adverse drug interactions have not been observed when granisetron is concomitantly 
administered with benzodiazepines, antipsychotics, anti-ulcer medications and chemother-
apeutic agents. Th e eff ects of a selective serotonin re-uptake inhibitor would be expected to 
be reduced in the presence of granisetron due to the latter’s prolonged antagonism at 5-HT 3  
receptors    [ 42 , 43 ].  

  Tropisetron 
   Tropisetron has not been approved by the FDA. However, it is available internationally. In 
addition to antagonizing 5-HT 3  receptors, tropisetron is also an alpha-7-nicotinic receptor 
agonist[ 44 ]. In addition to its use for the treatment of nausea and vomiting, the drug has also 
been used experimentally for the treatment of pain secondary to fi bromyalgia. When com-
pared to ondansetron, which has a beta half-life of 3–5 h,   tropisetron has a beta elimination 
half-life of 6 h leading to a longer duration of action[ 45 ]. 

 Metabolism of tropisetron occurs via the CYP2D6 isoenzyme component of the hepatic 
cytochrome P450 system. Following its oxidative hydroxylation by this system, the metabol-
ite is made soluble by conjugation with glucuronide and sulfate moieties. Th us, tropisetron 
and its respective metabolites undergo renal excretion[ 46 , 47 ]. Th e contrast in the metabol-
ism of tropisetron when compared to ondansetron is an important consideration clinically. 
  Patients who experience genetic variation of the CYP2D6 and are UM experienced more 
CINV when compared to UM who received ondansetron[ 48 ]. 

   Diagnostic tests are now available to identify genetic variation in CYP2D6 activity, and 
such information may be particularly useful in utilizing drugs such as tropisetron for the 
treatment of nausea and vomiting. However, the cost-eff ectiveness of genetically targeted 
drug therapy remains an unknown variable that warrants future investigation  . Nonetheless, 
the largely CYP2D6 metabolism pathway of   tropisetron warrants concern for interactions 
with other pharmacologic agents that also rely heavily on CYP2D6 metabolism. Agents such 
as doxorubicin, tamoxifen, amiodarone, cimetidine, ranitidine and tricyclic antidepressants 
are additional pharmacologic agents that are metabolized by this pathway and may compete 
with tropisetron metabolism via the CYP2D6 pathway      . 

   Dosing of IV tropisetron has varied between 2 and 5 mg[ 30 , 49 – 51 ]. Whilst some studies 
have shown a signifi cant clinical benefi t of using higher doses, other studies have demon-
strated the appearance of a ceiling eff ect, much like that noted with other 5-HT 3  antagonists. 
Perhaps, such variable results are related to the diff erent emetogenic potential of diff erent 
surgical procedures, and stratifi cation of at-risk patients would be useful in determining 
which patients may benefi t from a higher dosing regimen. Because of the advantageous dur-
ation of action of tropisetron, it has been used for once-daily dosing in the treatment of 
nausea and vomiting    .  

  Palonosetron 
   Palonosetron is a new generation 5-HT 3  antagonist approved for the prevention and treat-
ment of PONV. It has been described as a “second generation” 5-HT 3  antagonist since it has 
greater receptor-binding properties, which results in a much longer half-life than the previ-
ously described drugs[ 52 ]. 

 Th e   pharmacokinetic properties of the drug have been studied in healthy human volun-
teers[ 52 ]. Th e drug is vastly distributed in tissues and is moderately bound to plasma pro-
teins. Th e metabolism of palonosetron is primarily hepatic by the CYP450 enzyme system. 
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Currently, it remains to be determined if the metabolism of palonosentron is altered in 
UM. Renal clearance of palonosetron is small when compared to the total excretion of the 
drug, which is responsible for the long half-life of approximately 40 h[ 53 ]. Palonosetron 
binds tightly to the 5-HT 3  receptors resulting in a drug potency of 100 times greater than 
ondansetron. Th e strong receptor binding of the drug is responsible for the long half-life of 
palonosetron  . 

   Th e effi  cacy of palonosetron has been evaluated in randomized clinical trials. Kovac 
et al. concluded that, aft er studying female patients undergoing gynecological or breast sur-
gery, a single 0.075-mg IV dose of palonosetron decreased the severity of nausea and delayed 
the time to emesis and treatment failure, but that lower doses were not as eff ective[ 54 ]. Th is 
fi nding has been recently confi rmed by a diff erent group of investigators in patients under-
going elective general surgery[ 55 ]. Moon et al. demonstrated in patients undergoing thy-
roidectomy that palonosetron was more effi  cacious than ondasentron to reduce nausea and 
vomiting 2–24 h aft er the surgery    [ 56 ].  

  Ramosetron 
   Ramosetron hydrochloride (ramosetron), a tetra-hydrobenzimidazole derivative, is also 
a 5-HT 3  receptor antagonist used for PONV prophylaxis and treatment. However, ramo-
setron is currently only licenced for use in Japan and selected Southeast Asian countries. 
Ramosetron also competitively blocks serotonin-mediated contraction of the colon, and this 
pharmacologic property confers the drug an application in improving diarrhea-predominant 
infl ammatory bowel syndrome[ 57 ]. 

 Initial studies demonstrated some benefi ts of ramosetron in reducing PONV when 
compared to ondansetron[ 58 ]. Nevertheless, a recent meta-analysis including 12 stud-
ies and 1,372 patients did not demonstrate any benefi t of ramosetron when compared to 
ondansetron  [ 59 ].   
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  Multiple receptors are involved in the transmission of impulses to the vomiting center. 
Th is chapter will focus on the medications that interact at the histamine, muscarine and 
dopamine receptors, and will examine the effi  cacy of these medications alone, or in com-
bination with other drug classes, for the prophylaxis and treatment of postoperative nau-
sea and vomiting (PONV) ( Table 7.1 ). Most of the available medications that act at these 
receptors are well-established, older drugs. However, some may be older drugs that have 
found a new use, such as haloperidol, or have a diff erent delivery system, such as transder-
mal scopolamine[ 1 , 2 ].    

  Histamine antagonists 
   Histamine antagonists, or antihistamines, competitively inhibit the eff ects of histamine at 
the H 1  receptors. Antihistamine agents can be classifi ed chemically as ethylenediamines, 
ethanolamine, alkylamines, phenothiazines or piperazine derivatives. Antihistamines can 
be clinically divided into fi rst and second generations, with sedation being prominent in 
fi rst-generation medications due to the central anticholinergic eff ects. For the same reason, 
these agents typically have antiemetic and antimotion sickness properties.   Meclizine and 
dimenhydrinate are commonly used for motion sickness. Diphenhydramine, cyclizine and 
promethazine have also been used to treat the symptoms of nausea and vomiting due to 
motion sickness  . Hydroxyzine also has antiemetic properties[ 3–9 ]. Based on the antiemetic 
activity of the antihistamines and the evidence that motion sickness is a strong predictor of 
PONV, many of the histamine antagonists have been used and/or evaluated for management 
of PONV[ 1 , 10 ]. Second-generation antihistamines have not been found to have signifi cant 
antiemetic properties  [ 3 ]. 

  Dimenhydrinate 
   Dimenhydrinate is an ethanolamine derivative and contains a diphenhydramine moiety, 
which is likely the source of its antiemetic eff ects. Th e drug is typically prescribed to treat 
motion sickness and its related nausea, vomiting and dizziness. Th e exact mechanism is 
unknown although the action is presumed to inhibit vestibular stimulation. Th e drug also 
inhibits the acetylcholine receptor. Dimenhydrinate is available as a tablet (50 mg) and a so-
lution (12.5 mg/5 mL) as over-the-counter formulations[ 4 ]. Dimenhydrinate injectable 50 
mg/mL is also available and used for many of the same symptoms and can be given by the 
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intravenous (IV;  diluted over a period of 2 min) or intramuscular (IM) route[ 4 ].   Small 
amounts of the drug are excreted in breast milk so nursing mothers should use appropriate 
caution  [ 2 , 4 , 11 ]. 

   Th e most frequent adverse reaction to dimenhydrinate is drowsiness. Symptoms of diz-
ziness, dry mouth, nose and throat, blurred vision, diffi  cult or painful urination, headache, 
anorexia, nervousness, restlessness or insomnia (particularly in pediatric patients), skin 
rash, thickening of bronchial secretions, tachycardia, epigastric distress, lassitude, excita-
tion and nausea have been reported.   Th is drug may be potentially inappropriate for use in 
geriatric patients    . Common off -label uses of dimenhydrinate include treatment of Meniere’s 
disease and nausea/vomiting related to pregnancy or anesthesia[ 2 , 4 , 11 ]. 

   An inpatient, placebo-controlled study of females undergoing laparoscopic cholecystec-
tomy, thyroid resection or knee arthroscopy found that 62 mg of dimenhydrinate IV given 
at induction with three additional doses over 48 h eff ectively decreased the incidence of 
PONV (38.8% versus 15.1%) and was associated with little to no signifi cant side eff ects. 
Severe PONV was also reduced from 39.4% to 14.9%[ 12 ]. 

 Prophylactic administration of dimenhydrinate 50 mg IV was found to be as eff ective 
as ondansetron 4 mg for prevention of PONV in patients undergoing elective laparoscopic 
cholecystectomy. Th e need for rescue antiemetics was 34% in the ondansetron group and 
29% in the dimenhydrinate group[ 13 ]. 

 Conversely, another study comparing dimenhydrinate 0.3 mg/kg and metoclopramide 
0.3 mg/kg found both agents were ineff ective for PONV prevention when given alone. 
However, the combination of both medications reduced the incidence of PONV compared 
with placebo[ 14 ]. 

 Dimenhydrinate and promethazine were evaluated in patients initially receiving either 
prophylactic administration of droperidol 0.625 mg to 1.25 mg or ondansetron 4 mg. In 

 Table 7.1        Dosages of histamine, muscarine and dopamine antagonists for management of PONV in adults    

Class Agent Usual PONV dosage/route

Antihistamines Dimenhydrinate 1–2 mg/kg or 50–100 mg IM, IV

Diphenhydramine 12.5–50 mg IM, IV

Meclizine 25–50 mg PO

Cyclizine  a  25–50 mg IM, IV

Hydroxyzine 25–50 mg IM

Phenothiazines Promethazine  b  6.25–12.5 mg IV  
12.5–25 mg IM

Perphenazine 2–4 mg PO  
2.5–5 mg IM  c  ; 1 mg IV  c  

Prochlorperazine 5–10 mg IM, IV

Butyrophenones Droperidol 0.625–1.25 mg IV

Haloperidol 0.5–2 mg IM, IV

Benzamides Metoclopramide 10–20 mg IM, IV

Anticholinergics Transdermal scopolamine 1.5 mg transdermal

  IM, intramuscular;  IV, intravenous;  PO, oral. 
      a      Not available in USA.  b Also classifi ed as an antihistamine.  c  Not available in parenteral form in USA.    
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patients who failed prophylaxis, rescue with dimenhydrinate 25–50 mg or promethazine 
6.25–25 mg was more eff ective than a repeat (rescue) dose of the original prophylactic drug 
(droperidol or ondansetron)[ 15 ]. 

 A meta-analysis of 18 trials including over 3,000 patients showed dimenhydrinate to 
be eff ective as a prophylactic antiemetic for patients at moderate-to-high risk for PONV 
with side eff ects similar to the placebo group. More research is needed to determine the 
most appropriate dose, timing and frequency for dimenhydrinate in the management of 
PONV[ 16 ]. Th e Society for Ambulatory Anesthesia guidelines for PONV concluded that 
dimenhydrinate, in placebo-controlled trials, has similar effi  cacy to the 5-HT 3  receptor 
antagonists, dexamethasone and droperidol    [ 10 ].  

  Diphenhydramine 
   Diphenhydramine is a fi rst-generation antihistamine and an ethanolamine derivative 
that acts at the H 1  receptors at the nucleus tractus solitarius and acetylcholine receptors 
in the vestibular apparatus. Th e antiemetic properties are thought to be a result of sup-
pression of motion-enhanced vestibular neuronal fi ring, leading to its eff ectiveness in 
treating vertigo, motion sickness and PONV in high-risk patients, such as those having 
middle ear surgery or those with a history of motion sickness. Like other H 1  receptor 
antagonists, diphenhydramine can also be used to manage a multitude of other symp-
toms (urticaria, rhinitis, conjunctivitis, vertigo, insomnia or dyskinesia), that can be 
associated with other disease processes[ 3 , 5 ]. 

   A study of 200 women who had total abdominal hysterectomies and utilized morphine 
patient-controlled analgesia regimens found that metoclopramide and diphenhydramine 
used in combination provided signifi cantly better prevention of nausea and vomiting in 
the postoperative phase than either drug alone when added to patient-controlled morphine 
analgesia[ 17 ]. For every mg of morphine, metoclopramide 0.5 mg or diphenhydramine 0.6 
mg or the combination of both were used    .  

  Meclizine 
   Meclizine is a piperazine derivative antihistamine commonly used for preven-
tion of motion sickness by depressing the labyrinth excitability and conduction in 
vestibular-cerebellar pathways. The antiemetic action is a result of the anticholiner-
gic and central nervous system (CNS) depressant effects. The onset of action is 1 h 
with a duration of 24 h. Meclizine should be used with caution in patients with asthma, 
glaucoma (narrow angle), prostatic hyperplasia and pyloric/duodenal obstruction. 
Meclizine and dimenhydrinate are considered to have equal efficacy for motion sickness, 
although meclizine has less associated drowsiness and a longer duration of action[ 18 ]. 
Additionally, caution should be used in   elderly patients  . Meclizine is available in oral 
dosage form of 25 and 50 mg[ 6 , 10 , 11 ]. 

   Few studies exist for use of meclizine as a single agent for treatment of PONV. However, 
a placebo-controlled study of 77 patients at high risk for PONV (four out of fi ve major risk 
factors: general anesthesia, female, nonsmoker, motion sickness history and PONV history) 
showed that, when combined with ondansetron at surgical closure, preoperatively adminis-
tered meclizine 50 mg eff ectively reduced PONV, as well as postdischarge nausea and vomit-
ing, more than ondansetron alone    [ 19 ].  
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  Hydroxyzine 
   Hydroxyzine is piperazine derivative antihistamine. Hydroxyzine has antihistamine, anal-
gesic, bronchodilation and antiemetic properties[ 1 ]. Th e drug competes with the histamine 
H 1  receptor site on eff ector cells in the gastrointestinal tract, blood vessels and respiratory 
tract. Th e antiemetic dose is 25–100 mg intramuscularly. Th e drug is a vesicant and IV 
administration is contraindicated, which limits some of its usefulness in the postoperative 
phase where IV administration is the preferred route. Hydroxyzine should be used with cau-
tion in the presence of glaucoma (narrow angle), prostatic hyperplasia/urinary stricture and 
respiratory disease.   CNS depression can be a signifi cant side eff ect. Th erefore, care should be 
used in the elderly  . Hydroxyzine may enhance the analgesic eff ects of opioids[ 1 , 7 ].   Limited 
studies on hydroxyzine’s eff ectiveness for prevention of PONV exist. However, a study evalu-
ated 150 patients who received droperidol 2.5 mg IM or hydroxyzine 100 mg IM at induc-
tion of anesthesia, and the hydroxyzine group were found to have less PONV than patients 
receiving droperidol 2.5 mg    [ 20 ].  

  Cyclizine 
   Cyclizine is a piperazine derivative and a fi rst-generation histamine antagonist, which is 
not available in the USA. Although the exact mechanism is unknown, it likely has a dir-
ect central eff ect on the labyrinthine apparatus and the chemoreceptor trigger zone (CTZ). 
Cyclizine is most commonly used for prophylaxis and treatment of nausea, vomiting and 
vertigo associated with motion sickness. Due to the anticholinergic eff ect, elderly patients 
should receive the lowest eff ective dose. Excess sedation is the most frequent side eff ect of 
this drug[ 1 , 8 ]. 

   In a study in adults, cyclizine 50 mg was shown to have a similar effi  cacy to ondanse-
tron 4 mg[ 21 ]. A trend was seen with the patients who received the cyclizine of having a 
longer mean time to eye opening, but it did not infl uence discharge times. However, in chil-
dren, ondansetron 0.1 mg/kg signifi cantly reduced vomiting events compared to cyclizine 
20 mg[ 22 ]. Interestingly, in a Cochrane review of 737 studies, cyclizine was listed as one of 
the eight antiemetics that reliably prevented PONV  [ 23 ].     

  Dopamine antagonists 
   Phenothiazines are used for the prevention and treatment of nausea and vomiting caused by 
various etiologies including PONV. Phenothiazine antiemetics act primarily via central dopa-
mine (D 2 ) receptor blockade[ 1 ]. However, for   nausea and vomiting in pregnancy, these drugs 
are either contraindicated or have not been proven safe and should only be used if the poten-
tial benefi t justifi es the risks to the fetus  .   Phenothiazines have numerous side eff ects;  the very 
young and the very old appear to be most sensitive to those side eff ects[ 24 ]. Common phe-
nothiazines used for PONV include prochlorperazine and promethazine. Phenothiazines are 
available as oral, parenteral and rectal formulations. Th ese drugs may cause extrapyramidal 
symptoms such as dystonia, tardive dyskinesia and akathisia    [ 1 , 2 , 9 , 24 – 26 ]. 

  Promethazine 
   Promethazine is a histamine antagonist and a phenothiazine derivative with signifi cant anti-
dopaminergic and anticholinergic activity.   Th e antimotion sickness action may be due to 

9781107465190_pi-182.indd   65 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:16:35 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.009

Cambridge Books Online © Cambridge University Press, 2016



Chapter 7: Pharmacology of histamine, muscarine and dopamine antagonists66

the central anticholinergic eff ect on the vestibular apparatus, the integrative vomiting center 
and the medullary CTZ. Promethazine is more eff ective for motion sickness than the other 
phenothiazines  [ 1 , 9 ], Th e onset of action is 3–5 min for IV administration and 20 min when 
given IM. Duration of action is 4–6 h but eff ects of the drug may last as long as 12 h[ 1 , 9 , 27 ]. 

 Promethazine is available as an oral solution and tablets. Suppositories of various dosage 
strengths are also marketed. Injectable promethazine in 25 mg/mL (IV or IM) and 50 mg/
mL (IM only) are the parenteral dosage forms. Because promethazine is a vesicant, deep 
IM injection is the preferred route of administration since severe tissue injury can occur 
following IV administration. Th e concern is an inadvertent intra-arterial needle placement 
or perivascular extravasation that may result in an ischemic injury. If the IV route must be 
used, the package insert calls for several safety strategies ( Table 7.2 ).   Th e US Food and Drug 
Administration (FDA) also issued a boxed warning against the use of promethazine in chil-
dren <2 years of age due to postmarketing cases of   sedation and respiratory depression. For 
the same reason, the FDA also recommends using caution when administering the drug to 
all pediatric patients  . Similarly, the elderly can be particularly susceptible to these sedating 
eff ects. Due to the anticholinergic eff ects, extrapyramidal symptoms and neuroleptic malig-
nant syndrome may occur  . Th e medication should be avoided or used with caution in the 
presence of narrow angle glaucoma, Parkinson’s disease, Myasthenia gravis, patients with 
seizures, respiratory and cardiovascular disease[ 1 , 3 , 9 , 24 , 27 ]. Th e adult antiemetic dose is 
12.5–25 mg every 4–6 h, regardless of the route of administration. However, newer studies 
indicate a lower dose of 6.25 mg for PONV is eff ective and may cause less sedation compared 
to higher doses[ 9 , 27 , 28 ].    

   In a double-blind randomized placebo-controlled study of adult patients undergoing 
middle ear surgery, promethazine (12.5 mg) combined with ondansetron (2 mg) signifi -
cantly reduced the incidence and severity of nausea, vomiting and PONV during the fi rst 24 
h postoperatively when compared to placebo or monotherapy[ 30 ]. 

 A retrospective database analysis of patients undergoing general anesthesia who received 
ondansetron 4 mg prophylactically showed that doses of 6.25 mg, 12.5 mg and 25 mg all had 
similar effi  cacy and were all more eff ective for PONV rescue than a second dose of ondan-
setron. Th e 6.25 mg promethazine dose was as eff ective as the 12.5 and 25 mg doses    [ 28 ].  

 Table 7.2      FDA recommendations for IV use of promethazine[ 29 ]  

• Deep IM injection is the preferred way to administer promethazine hydrochloride injection, USP products

•  Intra-arterial and subcutaneous administration of promethazine are contraindicated

•  The 50 mg/mL promethazine hydrochloride injection, USP product is for deep IM injection only

•  The 25 mg/mL promethazine hydrochloride injection, USP product may be administered by deep IM injection 
or IV injection

•  If IV administration of promethazine is required, the maximum recommended concentration is 25 mg per mL 
and the maximum recommended rate of administration is 25 mg per min through the tubing of an IV infusion 
set known to be functioning properly

•  Be alert for signs and symptoms of potential tissue injury including burning or pain at the site of injection, 
phlebitis, swelling and blistering

•  Injections should be stopped immediately if a patient complains of pain during injection

•  Inform patients that side eff ects may occur immediately while receiving the injection or may develop hours to 
days after an injection

  IM, intramuscular;  IV, intravenous.  
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  Perphenazine 
     Perphenazine is a phenothiazine with a mechanism of action that includes blockade of post-
synaptic mesolimbic dopaminergic receptors in the brain, blockade of alpha-adrenergic 
eff ect and depression of the release of hypothalamic and hypophyseal hormones  . Th e drug is 
used for psychotic disorders and severe nausea and vomiting in adults. Th e drug is available 
as oral tablets[ 26 ]. Dosing for severe nausea and vomiting is 8–16 mg daily in divided doses; 
however, doses as high as 24 mg (maximum) have been used.   Caution should be used in the 
geriatric population since the FDA has placed a boxed warning of increased mortality in eld-
erly patients with dementia-related psychosis with the use of perphenazine  [ 24 , 26 ]. 

   A quantitative systematic review included 11 randomized controlled trials with 2,081 
participants, receiving prophylactic perphenazine or another drug or placebo. Perphenazine 
doses were 2.5 mg and 5 mg or a weight-based calculation of 0.11 mg/kg. Th e children’s dose 
was weight adjusted at 0.07 mg/kg. Th e doses were given orally, IM or IV (injectable form 
no longer available in USA). Th e authors concluded that perphenazine was well tolerated 
and is an eff ective medication for PONV prevention  . Th e conclusion stated that further data 
are needed to determine the most appropriate dose, timing and route;  however, the authors 
suggested 5 mg as the most effi  cacious dose  [ 31 ].  

  Prochlorperazine 
   Prochlorperazine is a piperazine phenothiazine antipsychotic that blocks postsynaptic mes-
olimbic dopaminergic receptors, including the CTZ. Th e drug has a strong alpha-adrenergic 
and anticholinergic blocking eff ect. Prochlorperazine has strong antiemetic activity with a 
faster onset of action and less sedation than promethazine. Th e antiemetic doses are 5–10 
mg IM or IV 15–30 min prior to induction of anesthesia or 5–10 mg every 3–4 h IM postsur-
gery. Th e IV dose should be given slowly to not exceed 5 mg/min or as an IV infusion. Th e 
maximum dose is 40 mg/day. Th e IM onset of action is 10–20 min and the peak antiemetic 
eff ect of IV administration is 30–60 min. Some of the   side eff ects include anticholinergic 
eff ects, altered cardiac conduction, extrapyramidal symptoms, sedation and blood dyscra-
sias. A boxed warning is included in the labeling of increased mortality for patients with 
dementia and any use in the elderly may not be appropriate  . Clinicians should use caution 
in patients with cardiovascular disease, narrow angle glaucoma, Parkinson’s disease, seizure 
disorders, hepatic and/or renal impairment and Reye’s syndrome[ 1 , 11 , 24 ]. 

   A double-blind randomized trial compared ondansetron (4 mg IV) with prochlor-
perazine (10 mg IM) given at surgical closure for the prevention of PONV in 78 patients 
undergoing orthopedic procedures. Prochlorperazine was signifi cantly more eff ective in 
preventing nausea and was associated with a lower incidence of severe nausea as compared 
with ondansetron. Th e reduction in mean number of emetic episodes did not reach statis-
tical signifi cance    [ 32 ].  

  Droperidol 
   Droperidol is a butyrophenone antipsychotic, frequently referred to as a fi rst-generation 
antipsychotic[ 33 ].   Droperidol exerts its antiemetic eff ect through the blockade of dopa-
mine receptors in the CTZ. It also has alpha-adrenergic blockade activity, which may lead 
to vasodilation, orthostatic hypotension and refl ex tachycardia. Droperidol also possesses 
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low-level anticholinergic eff ects  [ 33 ]. It can be administered intravascularly or intramuscu-
larly in doses of 0.625–1.25 mg and can be repeated every 6 h as needed. Th e onset of action 
is 3–10 min with a peak eff ect at 30 min and an action of 2–4 h that can be prolonged up to 
12 h in rare instances. Droperidol is excreted in the urine and feces and is known to cross the 
blood–brain barrier and the placenta. Its excretion in breast milk is not known and caution 
should be used in nursing mothers[ 33 ]. 

   Droperidol 1.25 mg was found to have similar effi  cacy for PONV prophylaxis to 
ondansetron 4 mg and dexamethasone 4 mg, with each reducing PONV by about 25%[ 34 ]. 
Th e number needed-to-treat for prevention of early PONV for droperidol 75 μg/kg was 
found to be 5.3 if given at induction and 2.4 if given at the end of surgery or in the recov-
ery room[ 35 ]. Th e combination of droperidol with ondansetron was found to be more 
eff ective than either drug alone and the QT prolongation was found to be equal to either 
drug used alone  [ 36 ]. 

   Th e use of droperidol as an antiemetic has been controversial since it was discovered to 
have an association with the development of life-threatening arrhythmias, most notably tor-
sade de pointes. Due to this risk, the FDA issued a black box warning that patients should be 
evaluated for the presence of prolonged QT interval (QTc greater than 440 ms in males and 
450 ms in females) prior to the use of droperidol. It is contraindicated if prolonged QT inter-
vals exist. In addition, it is recommended that 2–3 h of continuous electrocardiogram moni-
toring be completed aft er administration of droperidol. Since this FDA warning, droperidol 
use for PONV prophylaxis in the USA has dropped signifi cantly;  however, it continues to be 
used routinely for PONV prophylaxis in the majority of European countries[ 37 ]. 

 Numerous investigators have attempted to show that droperidol’s black box warning is 
excessive and unnecessary. Droperidol was found in one study of 85 patients to have equal 
incidence of QTc prolongation as ondansetron[ 38 ]. Another study showed that there was 
an indistinguishable QTc prolongation caused by both saline and droperidol when given 
before general anesthesia[ 39 ]. A large study of over 20,000 patients given over 35,000 doses 
of droperidol 0.625 mg revealed that none of the patients developed polymorphic ventricu-
lar tachycardia. Interestingly, over 500 of those patients had known prolonged QT intervals. 
Th is suggests that the association of prolonged QT intervals, low-dose droperidol, and ven-
tricular tachycardia, if it exists at all, is likely a very rare phenomenon[ 40 ]. 

 As with other drugs in the same class,   extrapyramidal symptoms may rarely occur[ 35 ]. 
Because of its antidopaminergic eff ects, droperidol should be used with caution in patients 
with Parkinson’s disease  . Moreover, droperidol has sedating properties and should be used 
with caution in susceptible patient populations    [ 33 ].  

  Haloperidol 
   Haloperidol is a butyrophenone antipsychotic, similar in activity to droperidol. It blocks 
dopaminergic D 1  and D 2  receptors in the brain[ 41 ]. Typically, haloperidol is used to treat 
psychiatric disorders;  however, following droperidol’s FDA black box warning, its use has 
been explored as an alternative for PONV. Interestingly, haloperidol is approved for oral or 
IM use, but IV administration is not an FDA approved route of administration. Haloperidol 
has an onset of 30–60 min, a half-life of 18 h, and is eliminated in urine and feces.   It is 
excreted in breast milk and not recommended for nursing mothers  [ 41 ]. 

 Haloperidol at low doses (0.5–2 mg IV or IM) has shown antiemetic eff ects with a num-
ber needed-to-treat of between 4 and 6[ 42 ].   At low doses, sedation does not occur and 
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arrhythmias have not been reported. Although haloperidol carries a risk of QT prolonga-
tion, the risk was found to be equal to ondansetron and placebo in a study of 93 patients[ 43 ], 
However, given the potential for arrhythmias, haloperidol is not recommended as a fi rst-line 
therapy  [ 10 ].   Low-dose haloperidol (1 mg) was found to be as eff ective as 0.625 mg of dro-
peridol for PONV[ 44 ]. Another randomized, placebo-controlled study of 244 patients in 
a mixed surgical population found the same low dose of haloperidol to be comparable to 
ondansetron 4 mg for the prevention of PONV[ 45 ]. Effi  cacy of haloperidol can be increased 
by combining it with other agents, such as 5-HT 3  receptor antagonists  [ 46 ]. 

   Th e side-eff ect profi le for haloperidol is similar to droperidol, although at low doses, 
the risk of sedation, extrapyramidal eff ects and cardiac arrhythmias are thought to be very 
low. However, it must be remembered that the FDA has warned that elderly patients with 
dementia-related psychosis who are treated with antipsychotic drugs are at an increased risk 
of death, although the cause and eff ect are not understood    [ 41 ].  

  Metoclopramide 
   Metoclopramide blocks dopamine receptors and also, in high doses, blocks serotonin 
receptors in the CTZ as well as accelerating gastric emptying and increasing lower esopha-
geal sphincter tone. In IV form, its onset occurs in 1–3 min with a duration of 2 h.  It is 
excreted mostly in the urine but also enters   breast milk, so caution should be used in nursing 
mothers  [ 47 ]. 

   Metoclopramide is considered a weak antiemetic. At low doses of 10 mg, metoclopramide 
has been shown to be ineff ective for reducing the incidence of PONV[ 48 ]. However, a large 
study of over 3,000 patients showed that, combined with dexamethasone 8 mg, metoclopra-
mide in doses of 25 and 50 mg had a similar eff ect on early PONV to ondansetron 4 mg  [ 49 ]. 

   Due to its dopamine blocking eff ects, metoclopramide can lead to extrapyramidal eff ects 
or tardive dyskinesia with a number needed-to-harm of 140[ 49 ]. For the same reason, it 
should be avoided in patients with Parkinson’s disease. It can also lead to paradoxical wors-
ening of hypertension in patients with pheochromocytoma. Because of its eff ect on gastric 
motility, it should be avoided in patients with intestinal obstruction    .   

  Muscarinic antagonists 
   Transdermal scopolamine is a centrally acting anticholinergic agent that was initially devel-
oped for the treatment of motion sickness but was approved in 2001 by the FDA for the 
treatment of PONV. It blocks the action of acetylcholine in smooth muscle, secretory glands, 
and CNS regions of the parasympathetic nervous system. Scopolamine also antagonizes his-
tamine and serotonin[ 50 ]. Onset of action in the transdermal form can take 6–8 h, so it is 
typically placed the evening prior to surgery or 2–4 h prior to surgery. It can also be applied 
up to the time of surgery and may still be somewhat eff ective if the length of surgery is 
prolonged. Scopolamine is metabolized in the urine and excreted in the urine and feces. It 
is also excreted in   breast milk  , so caution must be used if scopolamine is administered to 
nursing mothers[ 50 ]. Transdermal scopolamine is typically available in a 1.5 mg patch and 
is programmed to deliver this dose over 72 h[ 50 ]. 

 Transdermal scopolamine can be used as a single agent for PONV prophylaxis and has 
been shown to be as eff ective as ondansetron or droperidol[ 51 , 52 ]. It can also be combined 
with other agents to reduce the incidence of PONV more than single agents alone[ 53 ]. 
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   Th e typical anticholinergic side eff ects of scopolamine are generally mild when delivered 
transdermally. Th e most common symptoms include visual disturbances (typically worse at 
24–48 h), dry mouth and dizziness  [ 53 ].   Patients and providers must be educated to wash 
their hands thoroughly aft er handling the patch and to avoid eye contact, since it has been 
reported to cause unilateral mydriasis, which can cloud the clinical picture, particularly in 
patients who may have other factors that could lead to anisocoria    [ 54 ].   

   References 
   1.      Kovac      A  .  Prevention and treatment of 

postoperative nausea and vomiting .  Drugs  
 2000 ;   59 :  213–43 .  

   2.      Golembiewski      J,     Tokumara      S  . 
 Pharmacological prophylaxis and 
management of adult postoperative/
postdischarge nausea and vomiting .  J 
Perianesth Nurs   2006 ;   21 :  385–97 .  

   3.      McEvoy   GK  ,   Snow      ED  , eds.  AHFS: Drug 
Information .  Bethesda, MD :  American 
Society of Health-System Pharmacists , 
 2013 ;   1–14.   

   4.  Wolters Kluwer.  Lexicomp  
Online: Dimenhydrinate,  2014 . 
 http://online.lexi.com/lco/action/
search?q=dimenhydrinate&t=name . 
(Accessed October 25, 2014.)  

   5.  Wolters Kluwer.  Lexicomp  
Online: Diphenhydramine.  2014 . 
 http://online.lexi.com/lco/action/search?
q=diphenhydramine&t=name . (Accessed 
October 25, 2014.)  

   6.  Wolters Kluwer.  Lexicomp  
Online: Meclizine,  2014   http://
online.lexi.com/lco/action/
search?q=meclizine&t=name . (Accessed 
October 25, 2014.)  

   7.  Wolters Kluwer.  Lexicomp  
Online: Hydroxyzine,  2014 .  http://
online.lexi.com/lco/action/
search?q=hydroxyzine&t=name . (Accessed 
October 25, 2014.)  

   8.  Wolters Kluwer.  Lexicomp  
Online: Cyclizine,  2014 .  http://
online.lexi.com/lco/action/
search?q=cyclizine&t=name . (Accessed 
October 25, 2014.)  

   9.  Wolters Kluwer.  Lexicomp  
Online: Promethazine,  2014 . 

 http://online.lexi.com/lco/action/
search?q=promethazine&t=name . 
(Accessed October 25, 2014.)  

   10.      Gan      TJ  ,   Diemunsch      P  ,   Habib      A  , et al. 
 Consensus guidelines for the management 
of postoperative nausea and vomiting . 
 Anesth Analg   2014 ;   118 :  85 – 113 .  

   11.      McEvoy      GK  ,   Snow      ED  , eds.  AHFS: Drug 
Information .  Bethesda, MD :  American 
Society of Health-System Pharmacists , 
 2013 ;   2942 – 5 .  

   12.      Eberhart      LH  ,   Seeling      W  ,   Bopp      TI,   
et al.  Dimenhydrinate for prevention of 
post-operative nausea and vomiting in 
female in-patients .  Eur J Anaesthesiol   1999 ;  
 16 :  284–9 .  

   13.      Kothari      SN  ,   Boyd      WC  ,   Bottcher      ML  , 
et al.  Antiemetic effi  cacy of prophylactic 
dimenhydrinate (Dramamine) vs. 
ondansetron (Zofran): a randomized, 
prospective trial inpatients undergoing 
laparoscopic cholecystectomy .  Surg Endosc  
 2000 ;   14 :  926–9 .  

   14.      Eberhart      LH  ,   Seeling      W  ,   Ulrich      
B  , et al.  Dimenhydrinate and 
metoclopramide alone or in 
combination for prophylaxis of PONV .  J 
Clin Anesth   2000 ;   47 :  780–5 .  

   15.      Habib      A  ,   Gan      TJ  .  Th e eff ectiveness 
of rescue antiemetics aft er failure 
of prophylaxis with ondansetron or 
droperidol: a preliminary report .  J Clin 
Anesth   2005 ;   17 :  62–5 .  

   16.      Kranke      P  ,   Morin      AM  ,   Roewer      N  , et al. 
 Dimenhydrinate for prophylaxis of 
postoperative nausea and vomiting: a 
meta-analysis of randomized controlled 
trials .  Acta Anaesthesiol Scand   2002 ;  
 46 :  238–44 .  

9781107465190_pi-182.indd   70 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:16:35 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.009

Cambridge Books Online © Cambridge University Press, 2016



Chapter 7: Pharmacology of histamine, muscarine and dopamine antagonists 71

   17.      Lu      CW  ,   Jean      WH  ,   Wu      CC  , et al. 
 Antiemetic effi  cacy of metoclopramide 
and diphenhydramine added to patient-
controlled morphine analgesia: a 
randomised controlled trial .  Eur J 
Anaesthesiol   2010 ;   27 :  1052–7 .  

   18.      Priesol      AJ  ,   Deschler      DG  ,   Park      L  . 
Motion sickness.  http://www.uptodate  
 .com/contents/search?source=USER_
PREF&search  (Accessed October 
27, 2014.)  

   19.      Forrester      CM  ,   Benfi eld      DA  ,   Matern      
CE  , et al.  Meclizine in combination 
with ondansetron for prevention of 
postoperative nausea and vomiting 
in high risk population .  AANA   2007 ;  
 75 :  27 – 33 .  

   20.      McKenzie      R  ,   Wadhwa      RK  ,   Uy      NT  , 
et al.  Antiemetic eff ectiveness of 
intramuscular hydroxyzine compare 
with intramuscular droperidol  .   Anesth 
Analg   1981 ;   60 :  783–8 .  

   21.      Grimsehl      K  ,   Whiteside      JB  ,   Mackenzie      
N.    Comparison of cyclizine and 
ondansetron for the prevention of 
postoperative nausea and vomiting in 
laparoscopic day-case gynaecological 
surgery .  Anaesthesia   2002 :  57 :  61–5 .  

   22.      O’Brien      CM  ,   Titley      G  ,   Whitehouse      
P  .  A comparison of cylcizine, 
ondansetron and placebo as 
prophylaxis against postoperative 
nausea and vomiting in children . 
 Anaesthesia   2003 ;   58 :  707–11 .  

   23.      Carlisle   J  ,   Stevenson   CA.    Drugs for 
preventing postoperative nausea and 
vomiting .  Cochrane Database Syst Rev  
 2006 ;   19 :  CD004125 .  

   24.      McEvoy      GK  ,   Snow      ED   (eds). 
 AHFS: Drug Information .  Bethesda, 
MD :  American Society of Health-
System Pharmacists ;   2013 :  2528–45.   

   25.  Wolters Kluwer.  Lexicomp  
Online: Prochlorperazine,  2014 .  http://
online.lexi.com/lco/action/search?t=
name&q=Prochlorperazine  (Accessed 
October 25, 2014.)  

   26.  Wolters Kluwer.  Lexicomp  
Online: Perphenazine,  2014.  

 http://online.lexi.com/lco/action/
search?t=name&q=Perphenazine.  
(Accessed October 25, 2014.)  

   27.      McEvoy      GK  ,   Snow      ED  , (eds). 
 AHFS: Drug Information .  Bethesda, 
MD ,  American Society of Health-
System Pharmacists ,  2013 ;  
 2631–3 .  

   28.      Habib      AS  ,   Reuveni      J  ,   Taguchi      A  , 
et al.  A comparison of ondansetron 
with promethazine for treating 
postoperative nausea and vomiting 
in patients who received prophylaxis 
with ondansetron: a retrospective 
database analysis .  Anesth Analg   2007 ;  
 104 :  548–51 .  

   29.  US Food and Drug Administration. 
Information for Healthcare 
Professionals: Intravenous 
Promethazine and Severe Tissue 
Injury, Including Gangrene.  http://
www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafety
InformationforPatientsandProviders/
DrugSafetyInformationforHeathcare
Professionals/ucm182169.htm#  
(Accessed November 4, 2014.)  

   30.      Khalil      S  ,   Philbrook      L  ,   Rabb      M  , 
et al.  Ondansetron/promethazine 
combination or promethazine for the 
prevention alone reduces nausea and 
vomiting aft er middle ear surgery .  J 
Clin Anesth   1999 ;   11 :  596 – 600 .  

   31.      Schnabel      A  ,   Eberhart      LH  , 
  Muellenbach      R  , et al.  Effi  cacy 
of perphenazine to prevent 
postoperative nausea and vomiting: a 
quantitative systematic review .  Eur J 
Anesthesiol   2010 ;   27 :  1044–51 .  

   32.      Chen      JJ  ,   Frame      DG  ,   White      TJ   . 
Effi  cacy of ondansetron and 
prochlorperazine for the prevention 
of postoperative nausea and vomiting 
aft er total hip replacement or total 
knee replacement procedures: a 
randomized, double-blind, 
comparative trial .  Arch Intern Med  
 1998 ;   158 :  2124–8 .  

9781107465190_pi-182.indd   71 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:16:35 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.009

Cambridge Books Online © Cambridge University Press, 2016



Chapter 7: Pharmacology of histamine, muscarine and dopamine antagonists72

   33.  Wolters Kluwer.  Lexicomp  
Online: Droperidol,  2014 .  http://
online.lexi.com/lco/action/
search?q=droperidol&t=name . 
(Accessed October 25, 2014.)  

   34.      Apfel      CC  ,   Korttila      K  ,   Abdalla      M  , et al. 
 A factorial trial of six interventions for 
the prevention of postoperative nausea 
and vomiting .  N Engl J Med   2004 ;  
 350 :  2441–51 .  

   35.      Henzi      I  ,   Sonderegger      J  ,   Tramèr      MR  . 
 Effi  cacy, dose–response, and adverse 
eff ects of droperidol for prevention of 
postoperative nausea and vomiting .  Can 
J Anaesth   2000 ;   47 :  537–51 .  

   36.      Chan      MT  ,   Choi      KC  ,   Gin      T  , et al. 
 Th e additive interactions between 
ondansetron and droperidol for 
preventing postoperative nausea 
and vomiting .  Anesth Analg   2006 ;  
 103 :  1155–62 .  

   37.      Schaub      I  ,   Lysakowski      C  ,   Elia      N  , 
et al.  Low-dose droperidol (≤1 mg 
or ≤15  μ g kg-1) for the prevention of 
postoperative nausea and vomiting in 
adults: quantitative systematic review 
of randomised controlled trials .  Eur J 
Anaesthesiol   2012 ;   29 ( 6 ):  286–94 .  

   38.      Charbit      B  ,   Albaladejo      P  ,   Funck-
Brentano      C  , et al.  Prolongation of QTc 
interval aft er postoperative nausea 
and vomiting treatment by droperidol 
or ondansetron .  Anesthesiology   2005 ;  
 102 :  1094–100 .  

   39.      White      PF  ,   Song      D  ,   Abrao      J  , et al. 
 Eff ect of low-dose droperidol on the 
QT interval during and aft er general 
anesthesia: a placebo-controlled study . 
 Anesthesiology   2005 ;   102 :  1101–5 .  

   40.      Nuttall      GA  ,   Malone      AM  ,   Michels      
CA  , et al.  Does low-dose droperidol 
increase the risk of polymorphic 
ventricular tachycardia or death in the 
surgical patient?   Anesthesiology   2013 ;  
 118 :  382–6 .  

   41.  Wolters Kluwer.  Lexicomp  
Online: Haloperidol,  2014 .  http://
online.lexi.com/lco/action/
search?q=haloperidol&t=name . 
(Accessed October 25, 2014.)  

   42.      Büttner      M  ,   Walder      B  ,   von Elm      E  , 
et al.  Is low-dose haloperidol a useful 
antiemetic?: A meta-analysis of published 
and unpublished randomized trials . 
 Anesthesiology   2004 ;   101 :  1454–63 .  

   43.      Aouad      MT  ,   Siddik-Sayyid      SM  ,   Taha      SK  , 
et al.  Haloperidol vs. ondansetron for 
the prevention of postoperative nausea 
and vomiting following gynaecological 
surgery .  Eur J Anaesthesiol   2007 ;  
 24 :  171–8 .  

   44.      Wang      TF  ,   Liu      YH  ,   Chu      CC  , et al.  Low-
dose haloperidol prevents post-operative 
nausea and vomiting aft er ambulatory 
laparoscopic surgery .  Acta Anaesthesiol 
Scand   2008 ;   52 :  280–4 .  

   45.      Rosow      CE  ,   Haspel      KL  ,   Smith      SE  , et al. 
 Haloperidol versus ondansetron for 
prophylaxis of postoperative nausea 
and vomiting .  Anesth Analg   2008 ;  
 106 :  1407–9.   

   46.      Feng      PH  ,   Chu      KS  ,   Lu      IC  , et al. 
 Haloperidol plus ondansetron prevents 
postoperative nausea and vomiting 
in patients undergoing laparoscopic 
cholecystectomy .  Acta Anaesthesiol Taiwan  
 2009 ;   47 ( 1 ):  3 – 9 .  

   47.  Wolters Kluwer.  Lexicomp  
Online: Metoclopramide.  2014 . 
 http://online.lexi.com/lco/action/
search?q=metocl&t=name.  (Accessed 
October 25, 2014.)  

   48.      Henzi      I  ,   Walder      B  ,   Tramèr      MR  . 
 Metoclopramide in the prevention of 
postoperative nausea and vomiting: a 
quantitative systematic review of 
randomized, placebo-controlled studies . 
 Br J Anaesth   1999 ;   83 :  761–71 .  

   49.      Wallenborn      J  ,   Gelbrich      G  , 
  Bulst      D  , et al.  Prevention of 
postoperative nausea and vomiting 
by metoclopramide combined with 
dexamethasone: randomised double 
blind multicentre trial .  BMJ   2006 ;  
 12 :  324 .  

   50.  Wolters Kluwer.  Lexicomp  
Online: Scopolamine.  2014 .  http://
online.lexi.com/lco/action/doc/retrieve/
docid/patch_f/1801741.  (Accessed 
October 25, 2014.)  

9781107465190_pi-182.indd   72 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:16:35 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.009

Cambridge Books Online © Cambridge University Press, 2016



Chapter 7: Pharmacology of histamine, muscarine and dopamine antagonists 73

   51.      Bailey      PL  ,   Streisand      JB  ,   Pace      NL   et al. 
 Transdermal scopolamine reduces 
nausea and vomiting aft er outpatient 
laparoscopy .  Anesthesiology   1990 ;  
 72 :  977–80 .  

   52.      White      PF  ,   Tang      J  ,   Song      D  , et al. 
 Transdermal scopolamine: an 
alternative to ondansetron and 
droperidol for the prevention of 
postoperative and postdischarge 
emetic symptoms .  Anesth Analg   2007 ;  
 104 :  92–6 .  

   53.      Apfel      CC  ,   Zhang      K  ,   George      E  , et al. 
 Transdermal scopolamine for the 
prevention of postoperative nausea and 
vomiting: a systematic review and meta-
analysis .  Clin Th er   2010 ;   32 :  1987 – 2002 .  

   54.      Lee      DT  ,   Jenkins      NL  ,   Anastasopulos      
AJ   . Transdermal scopolamine and 
perioperative anisocoria in craniofacial 
surgery: a report of 3 patients  .   J 
Craniofac Surg   2013 ;   24 :  470–2 .      

9781107465190_pi-182.indd   73 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:16:35 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.009

Cambridge Books Online © Cambridge University Press, 2016



Cambridge Books Online

http://ebooks.cambridge.org/

Postoperative Nausea and Vomiting

A Practical Guide

Edited by Tong Joo Gan, Ashraf S. Habib, Foreword by Henrik Kehlet

Book DOI: http://dx.doi.org/10.1017/CBO9781316135853

Online ISBN: 9781316135853

Paperback ISBN: 9781107465190

Chapter

8 - Pharmacology of neurokinin antagonists and novel antiemetics pp. 7

4-89

Chapter DOI: http://dx.doi.org/10.1017/CBO9781316135853.010

Cambridge University Press



74

    Chapter 

    In 1931, von Euler and Gaddum identifi ed a mysterious protein from the extract of horse 
brain that would produce rapid smooth muscle contraction in isolated intestine[ 1 ]. Th e 
extract was stored as dried powder and was conveniently referred as substance P (for 
“powder”). Animal research has since found that substance P was concentrated in the 
vomiting center of the brain[ 2 – 4 ]. When substance P was given intravenously or applied 
topically to the area posterma, the animals reacted with profuse vomiting and retching[ 5 ]. 
In contrast, as endogenous substance P was depleted by the administration of resinifera-
toxin, there was marked reduction in vomiting even in the presence of potent emetogenic 
stimuli[ 6 ]. Th ese fi ndings suggested that pharmacologic modulation of the interaction be-
tween substance P and its receptor, neurokinin type 1 (NK 1 ), would be helpful in managing 
vomiting. Th e purpose of this chapter is to outline the development and current research 
progress of NK 1 -receptor antagonists for the management of postoperative nausea and vom-
iting (PONV). In addition, we also discuss the pharmacology of an emerging antiemetic for 
PONV – amisulpride. 

  Substance P and the NK 1  receptor 
 Substance P is an 11-amino acid neuropeptide[ 7 , 8 ] and is the fi rst and the most notable 
member of the tachykinin family. Th e other members in the family include neurokinin A, 
neurokinin B, neuropeptide K, neuropeptide  γ , hemokinin-1 and endokinin A–D[ 9 ].   Th ese 
molecules bind to three neurokinin receptors (NK 1 , NK 2  and NK 3 ), encoded by the tachy-
kinin receptor ( Tacr)  genes[ 9 , 10 ]. It is known that substance P binds preferentially to the 
NK 1  receptor. Th erefore, the bulk of research has focused on the NK 1  receptor ( Table 8.1 )
[ 9 , 11 , 12 ].    

 NK 1  receptor is a G-protein coupled receptor that contains seven membrane-spanning 
domains with three extracellular and three intracellular loops. It is widely expressed in the 
central and enteric nervous systems[ 9 , 13 ]. Aft er binding to the NK 1  receptor, substance P 
activates a number of signaling pathways[ 9 ]. Th is includes mobilization of intracellular cal-
cium stores through the phospholipase C pathway, activation of adenylate cyclase and the 
formation of cyclic adenosine 3�-5�-monophosphate resulting in the stimulation of protein 
kinase A and activation of phospholipase A 2 , generating arachidonic acid and other pro-
infl ammatory mediators. Recent studies suggested that the receptor interaction also acti-
vates Rho-associated protein kinases, leading to the production of microparticles, derived 
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from membrane blebbing for intercellular communication[ 14 ]. Substance P has also been 
shown to transactivate epidermal growth factor receptor, which leads to mitogenesis and 
proliferation[ 15 ]. With the extensive postreceptor signaling, it is not surprising to note that 
receptor interaction produces a wide range of eff ects, including neuronal excitation, infl am-
mation, cell proliferation and migration[ 9 ]. In this respect, substance P has been implicated 
in nausea and vomiting, asthma, chronic pain disorders, pruritus, psychosis and aff ective 
disorders, malignancy and infl ammatory bowel disease    [ 9 , 11 ].  

  Development of NK 1 -receptor antagonists 
   Given the therapeutic potentials, a number of NK 1 -receptor antagonists have been pro-
duced since the early 1980s. By substituting  l -amino acids with their  d -forms, Engberg and 
co-workers produced the fi rst synthetic analogue of substance P that blocked the interaction 
with its receptor in a competitive fashion[ 16 ]. Others have developed peptidomimetic mol-
ecules with side-chains that contain part of the amino acid sequence for substance P[ 12 ]. 
Th ese compounds were potent inhibitors of NK 1  receptor in cellular experiments. However, 
the peptides were too bulky to pass through the blood–brain barrier and were excluded from 
further development[ 17 ]. 

 In order to increase central nervous system penetration, smaller compounds were devel-
oped ( Figure 8.1 ). To date, over 500 patents for non-peptide NK 1 -receptor antagonist have 
been fi led[ 18 , 19 ]. Naturally, only a handful of these compounds were eventually tested in 
clinical context. Th e fi rst non-peptide NK 1 -receptor antagonist (CP96345) was produced by 
Pfi zer in 1991 following an extensive search in their chemical library[ 20 ]. Th is compound 
contained a rigid quinuclidine scaff old that conferred stereochemical properties. Together 
with the benzhydryl group and an  o -methoxybenzylamine moiety, they provided the bind-
ing elements for the NK 1  receptor. Subsequent modifi cations by replacing the quinucli-
dine scaff old with a piperidine ring and substituting the benzhydryl moiety with a phenyl 
group, resulted in a compound (CP99994) with higher receptor affi  nity and more potent 
inhibition[ 21 ]. Clinical utility of these two compounds were, however, limited because 
they interacted with calcium channels leading to undesirable cardiovascular eff ects, such as 
hypotension and bradycardia[ 12 , 22 ].    

 Using CP96345 and CP99994 as templates for drug design, Merck synthesized the fi rst 
commercially available NK 1  antagonist –   aprepitant[ 23 , 24 ]. In this drug, the piperidine ring 
was replaced by a morpholine ring to improve oral absorption, and an electron-withdrawing 
group was attached to the piperidine nitrogen to avoid calcium-channel activation. Finally, 

 Table 8.1      NK receptor subtypes  

Receptor
Encoding 
gene Distribution

Ligand binding 
affi  nity

Neurokinin-1 (NK 1 )  Tacr1 CNS and peripheral tissues (e.g., GI tract, urinary 
bladder and lung)

SP >> NKA > NKB

Neurokinin-2 (NK 2 )  Tacr2 Smooth muscles in GI tract, bronchial tree and 
urinary bladder. Little expression in the CNS

NKA > NKB > SP

Neurokinin-3 (NK 3 )  Tacr3 CNS, rarely found in peripheral tissue NKB > NKA > SP

  CNS, central nervous system;  GI, gastrointestinal;  SP, substance P;  NKA, neurokinin A;  NKB, neurokinin B;   Tacr , 
tachykinin receptor gene.  
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metabolic stability was achieved by methylation of alpha-carbon and fl uorination of the aro-
matic ring  . Recently, a   water-soluble prodrug of aprepitant was produced (fosaprepitant) by 
phosphorylation of the oxotriazolyl ring and has been given intravenously  [ 25 ]. 

 In parallel, several pharmaceutical companies were interested in developing 
NK 1 -receptor antagonists for a variety of indications. GlaxoSmithKline found that mol-
ecules with phenylpiperazine rings bound to the NK 1  receptor readily[ 26 ]. Among these 
compounds,   casopitant was the most active. Th e drug was tested in a series of phase III clin-
ical trials for preventing nausea and vomiting aft er chemotherapy and surgery. However, 
further development was discontinued in 2009 because substantial work was needed to 
fulfi ll regulatory requirements  .   Netupitant was developed by Roche, which was modifi ed 
from aryl-isoxazoles and recently approved for the prevention of chemotherapy-induced 
nausea and vomiting   (CINV)[ 27 ].   Rolapitant was developed by Schering-Plough, which 
is a phenylglycinol derivative and is currently under evaluation by a number of regulatory 
authorities [    28 ].  
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 Figure 8.1      Structures of neurokinin-1 (NK 1 )-receptor antagonists according to the PubChem database. 
(a) CP96345 (PubChem CID 104943). The binding elements for NK 1  receptor are shown in dotted 
circles: (1) quinuclidine group;  (2) benzhydryl group;  and (3)  o -methoxybenzylamine group. (b) Aprepitant 
(PubChem CID 151165) with the morpholine ring highlighted. (c) Fosaprepitant (PubChem CID 219090) with 
the phosphate group on the oxotriazolyl ring shown. (d) Casopitant (PubChem CID 9917021) with the 
phenylpiperazine ring shown. (e) Netupitant (PubChem CID 6451149) showing the aryl-isoxazol group. 
(f ) Rolapitant (PubChem CID 10311306) with the phenylglycinol group highlighted. (National Center for 
Biotechnology Information  http://pubchem.ncbi.nlm.nih.gov/  accessed July 10, 2015.)  
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  Eff ects of NK 1 -receptor antagonists 
   NK 1  receptor blockade demonstrates profound anti-infl ammatory eff ects in cellular experi-
ments[ 9 ]. Depending on the sites of action, NK 1 -receptor antagonists produce diverse 
eff ects in diff erent organ systems.  Table 8.2  shows a summary of the therapeutic eff ects of 
NK 1 -receptor antagonists observed in preclinical studies.    

 Th ese therapeutic eff ects can be summarized as follows: 

  (1)         Centrally and peripherally acting NK 1  antagonists were eff ective in attenuating noci-
ceptive responses in diff erent experimental pain models, particularly those related to 
nerve injury and tissue infl ammation, among diff erent species (e.g., gerbils, rats and 
guinea pigs)[ 29 , 30 ].  

  (2)       In dogs and ferrets, NK 1 -receptor antagonists were highly eff ective against all forms 
of emetic stimuli[ 31 , 32 ].  

  (3)       Dual selective NK 1 /NK 2  receptor antagonist (DNK333) reduced airway responsive-
ness to allergen challenge in guinea pig[ 33 ].  

  (4)       DNK333 attenuated gut secretion and motility, but did not aff ect normal gut 
peristalsis[ 34 , 35 ].  

  (5)       NK 1 -receptor antagonist reduced scratching behavior in a mouse model of 
dermatitis[ 36 ].  

  (6)       NK 1 -receptor antagonist (TAK637) reduced detrusor hyperrefl exia in a guinea pig 
model of capsaicin-induced bladder contraction[ 37 ].  

  (7)       NK 1  antagonists produced anxiolytic-like eff ect in cats[ 38 ] and attenuated vocal-
ization due to maternal separation in guinea pigs;  these data suggested a potential 
antidepressant eff ect[ 39 ].  

  (8)       Intraperitoneal aprepitant reduced fi brous adhesions following experimental laparot-
omy in rats[ 40 ].  

  (9)       NK 1  antagonists (SR140333) reduced leukocyte recruitment and prevented lung 
injury in a Swiss mouse model of polymicrobial sepsis[ 41 ].  

  (10)       In cellular experiments, NK 1 -receptor antagonist (L733060) suppressed proliferation 
of colonic carcinoma  [ 42 ].    

 Despite the benefits shown in cell and animal experiments, replication of these find-
ings in adequately designed clinical trials has been largely disappointing. Currently, 
apart from the management of nausea and vomiting, there is a lack of clinical evidence 
to show that NK 1  antagonists could be used to alleviate pruritus, bronchial hypersensi-
tivity[ 43 ] or symptoms associated with irritable bowel syndrome and overactive blad-
der[ 34 , 44 ].   There is also a lack of efficacy for NK 1  antagonists to reduce pain[ 45 ]. In a 
small trial of 78 patients having third molar extraction, an infusion of CP99994 (750 
μg/kg) prior to surgery produced limited analgesia that lasted <90 min. More import-
antly, pain relief was inferior to oral ibuprofen 600 mg[ 46 ]. In another study evaluating 
the effects of aprepitant on PONV in 60 women having gynecologic laparoscopic sur-
gery, consumption of postoperative analgesics was reduced by half in patients receiving 
aprepitant, but there was no difference in pain score between groups[ 47 ]. Other studies 
have also failed to demonstrate useful analgesia with NK 1  antagonists in migraine[ 48 , 49 ] 
and pain associated with osteoarthritis and diabetic neuropathy  [ 43 , 50 , 51 ]. Similarly, 
NK 1  antagonists did not appear to relieve symptoms of major depression or other 
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affective and addictive disorders[ 52 ]. There is currently no study evaluating the effects 
of NK 1 -receptor antagonists in sepsis or cancer growth. 

 It is unclear why human studies have failed to confi rm the fi ndings in preclinical experi-
ments. Investigators have speculated that diff erences in receptor function and distribution 
among species may have contributed to the discrepancy[ 9 , 45 , 53 ]. Nevertheless, the lack of 
eff ect of NK 1 -receptor antagonists for other indications in humans added to the safety pro-
fi le of these compounds for PONV  .  

  NK 1 -receptor antagonists for managing nausea and vomiting 
 Currently, clinical application of NK 1 -receptor antagonists is largely limited to the manage-
ment of nausea and vomiting. In particular, research has focused on the use of these com-
pounds to control CINV and those following anesthesia and surgery. 

  Chemotherapy-induced nausea and vomiting 
   In an early trial, a single dose of   fosaprepitant (60 or 100 mg) given intravenously was found 
to be ineff ective to prevent acute (<24 h) vomiting following cisplatin treatment, but the 
control for delayed (day 2–7) nausea and vomiting was superior in the fosaprepitant group 
compared with ondansetron  [ 54 ]. Subsequent trials, however, showed that the addition of 
NK 1 -receptor antagonists (vofopitant[ 55 ], CP122721[ 56 ], ezlopitant[ 57 ], aprepitant[ 58 – 64 ] 
and casopitant[ 65 – 68 ]) to ondansetron or granisetron (5-HT 3  antagonists) and dexametha-
sone (i.e., triple therapy) increased the complete response rate (defi ned as no vomiting and 
no need for rescue antiemetic) from 42–61% to 51–86% (relative increase of 18–47%) in 
both acute and delayed phases. Th ese data demonstrated that multimodal therapy using a 
combination of antiemetics is required when dealing with intense emetogenic stimuli. Based 
on this idea, a longer-acting   NK 1 -receptor antagonist (netupitant) is currently marketed as 
a combination pill, which included another long-acting 5-HT 3 -receptor antagonist (palo-
nosetron) in a fi xed-dose ratio. In a series of phase III studies, NEPA (netupitant 300 mg 
and palonosetron 0.5 mg) was highly eff ective and prevented vomiting in 98.5% of patients 

 Table 8.2      Eff ects of NK 1 -receptor antagonism in preclinical studies and clinical trials  

Eff ects Preclinical study Clinical trials

Analgesia ++ −

Antiemetic +++ +++

Reduce bronchial hypersensitivity ++ −

Reduce gut hypermotility ++ ±

Antipruritic + ?

Reduce detrusor hyperrefl exia ++ ±

Reduce postoperative fi brous 
adhesion

++ ±

Antidepressant ++ ±

Antisepsis ++ ?

Antineoplastic ++ ?

  +++, marked eff ect;  ++, moderate eff ect;  −, no eff ect;  ±, equivocal data;  ?, no 
clinical trial has been performed.  
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receiving cisplatin chemotherapy in the acute phase and 91.9% in the subsequent 4 days[ 69 ]. 
In another trial,   NEPA with dexamethasone was compared with palonosetron and dexa-
methasone in patients having moderately emetogenic chemotherapy. Th e complete response 
rate was increased from 66.6% to 74.3%[ 70 ]. Finally, in patients having repeated cycles of 
chemotherapy, prophylaxis with NEPA and dexamethasone performed similarly to that of 
aprepitant regimen with an overall complete response rate >76%[ 71 ]. Th e current   guide-
lines from the European Society of Medical Oncology and the Multinational Association 
of Supportive Care in Cancer recommend the addition of an NK 1 -receptor antagonist to a 
5-HT 3 -receptor antagonist and dexamethasone for the prophylaxis of nausea and vomiting 
aft er highly emetogenic chemotherapy    [ 72 ]. At present, aprepitant, fosaprepitant and NEPA 
are approved for managing CINV    .  

  Postoperative nausea and vomiting 
   Building on the success of NK 1 -receptor antagonists in CINV, investigators moved quickly 
to evaluate the impact of these drugs in preventing PONV. Th e fi rst clinical study was a small 
randomized trial in 36 women having major gynecologic surgery. Intravenous   vofopitant 
(GR205171) 25 mg compared with placebo reduced the incidence of vomiting, severity of 
nausea and the requirement for rescue antiemetic  [ 73 ]. In another study using CP122721 
100–200 mg orally in women having abdominal hysterectomy ( n   =  243), the eff ect was 
striking. During the entire 72-h study period, the incidence of vomiting and retching was 
reduced from 80% in the placebo group to 46% in patients receiving CP122721, with a 
number needed-to-treat of 3 (95% confi dence intervals (CI), 1.9–6.9)[ 74 ]. Th e drug also 
compared favorably with ondansetron. Over the fi rst day aft er surgery, the incidence of 
vomiting in CP122721 group was 11.1% and was signifi cantly lower than that in the ondan-
setron group (46.2%,  P  = 0.002). Unfortunately, both drugs were not further developed for 
commercialization. 

   Two larger-scale, multicenter parallel studies evaluated the effi  cacy of aprepitant for 
the prevention of PONV in patients having major abdominal surgery[ 75 , 76 ]. Based on 
an identical protocol, the two trials compared aprepitant 40 and 125 mg with ondanse-
tron 4 mg as active control. Both trials reported a profound reduction in postoperative 
vomiting (POV) aft er aprepitant treatment compared with ondansetron (11.6% versus 
27.6%;  odds ratio (OR), 0.34;  95% CI, 0.26–0.45;  P  < 0.001)[ 77 ]. However, the eff ect 
of aprepitant on postoperative nausea was less obvious. Sixty-two percent of patients 
in the aprepitant group reported nausea in the fi rst day aft er surgery and 79% of these 
patients had signifi cant nausea with a visual nausea score >4 out of 10. Aprepitant (40 
mg) seemed to produce a similar eff ect compared with aprepitant 125 mg ( Figure  8.2 )
[ 76 ], but it is unclear whether bigger doses of aprepitant would produce better protection. 
Further dose–response studies may be required to defi ne the optimal dose of aprepitant 
for preventing PONV. When compared with ondansetron, there was only a marginal eff ect 
for aprepitant to prevent nausea (OR, 0.81;  95% CI, 0.65–1.00;  P   =  0.05)[ 75 – 77 ]. Th e 
preferential eff ect of aprepitant on POV was again demonstrated in subsequent trials of 
patients having craniotomy[ 78 , 79 ], ambulatory procedures[ 80 ], gynecologic[ 81 , 82 ], rhi-
nolaryngologic[ 83 ] and bariatric surgery[ 84 ]. Overall, the number of patients needed to 
be treated with aprepitant, instead of 5-HT 3 -receptor antagonists, in order to avoid an epi-
sode of POV was 6 (95% CI, 4.9–7.6). In contrast, the corresponding number for avoiding 
nausea was 12 (95% CI, 7.2–23.8)  .    

9781107465190_pi-182.indd   79 2/26/2016   4:01:03 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:16:45 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.010

Cambridge Books Online © Cambridge University Press, 2016



Chapter 8: Pharmacology of neurokinin antagonists and novel antiemetics80

   Similar results were reported for casopitant. In 1,700 women at high risk of PONV, 
the incidence of POV was reduced from 28% in the ondansetron group to 8.8% in those 
receiving casopitant 50–150 mg (OR 0.25;  95% CI, 0.17–0.35;   P  < 0.001)[ 85 , 86 ]. Th e 
impact of casopitant on nausea remained suboptimal  . Finally, in 619 patients having 
open abdominal surgery,   rolapitant (a longer-acting NK 1 -receptor antagonist) at doses 
of 70 or 200 mg prevented PONV between 24–120 h aft er surgery compared with ondan-
setron (25.6% versus 38.5%,  P  = 0.03)[ 87 ]. In both groups, >83% reported nausea during 
the study period  . 

 Current data suggest that NK 1 -receptor antagonists are potent antiemetics that could 
reduce the incidence of POV to ≤10%, even in patients at high risk of PONV. However, 
  their eff ect on postoperative nausea is limited. Interestingly, vofopitant is also ineff ective 
in motion sickness, a condition where nausea is a prominent feature  [ 88 ]. Currently, only 
aprepitant is approved for the prevention of PONV  .   

  Pharmacokinetics of NK 1 -receptor antagonists 
 Th e pharmacokinetic parameters of NK 1 -receptor antagonists are shown in    Table 8.3 .    

  Aprepitant 
   Aprepitant is a highly lipophilic base with a pKa value of 9.7 (at pH 2–12). Given the lipo-
philicity, aprepitant cannot be dissolved in aqueous solution for intravenous (IV) injec-
tion. For the same reason, gut absorption of the drug is highly dependent on dietary fat. 
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 Figure 8.2      Percentage of patients reporting signifi cant nausea, vomiting, postoperative nausea and vomiting 
(PONV) and complete response in trials comparing aprepitant 40 mg ( n  = 541) and 125 mg ( n  = 532), and 
ondansetron 4 mg ( n  = 526). VAS, visual analog scale.  
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In order to increase bioavailability, current formulation reduces particle size to nanoscale 
(<150 nm)[ 89 ]. Th e nanoparticles increase surface exposure by 3–4-fold and oral bioavail-
ability to about 60–65%. Drug absorption of the nanoparticle is independent of food intake. 
In previous studies, peak plasma concentrations were achieved at 3 and 4 h following oral 
administration of aprepitant 40 and 125 mg, respectively, and the corresponding plasma 
concentrations were 700 ng/mL and 1400 ng/mL[ 90 , 91 ]. At these plasma concentrations, 
NK 1  receptors in the brain were estimated to be >99% occupied. 

 Aprepitant is largely bound to plasma proteins (>95%) with a steady-state volume of dis-
tribution of about 1 L/kg[ 91 ].   Aprepitant is largely metabolized by microsomes (CYP3A4 
isoenzyme) in the liver, where it is oxidized at the morpholine ring to produce a number of 
inactive metabolites. Plasma clearance is in the range of 60–90 mL/min, resulting in a ter-
minal half-life of 9–13 h[ 91 ]. Renal impairment has no apparent eff ect on drug elimination. 
No study has evaluated the eff ect of liver failure on the metabolism of aprepitant. 

 Table 8.3        Pharmacokinetic parameters of NK 1 -receptor antagonists    

Aprepitant Fosaprepitant Casopitant Netupitant Rolapitant

Bioavailability 60–65% 83% High High

Time to peak 
absorption (h)

3–4 0.5–1.5 5 2–3

Protein binding >95% >99% 99% NA

Volume of 
distribution 
(L/kg)

1 0.1 3–4 30–40 NA

Elimination 
half-life

9–13 h 2.3 min 8–15 h 96 h 180 h

Clearance 
(mL/min)

60–90 ~ 60 200 300 NA

Metabolism 
pathway

Liver, 
oxidation by 
CYP3A4 to 
weakly active 
metabolites

Blood and tissue 
by ubiquitous 
phosphatase, 
convert to 
aprepitant

Liver, 
oxidation and 
 N -dealkylation 
by CYP3A4 
to inactive 
metabolites

Liver, oxidation 
by CYP3A4, 
metabolites 
capable to bind 
to NK 1  receptor

Liver, oxidation 
by CYP3A4 
to inactive 
metabolites

Dose reported 
for prevention 
of nausea and 
vomiting

PONV 40 mg orally, 
3 h prior to 
surgery

No data 50 mg orally, 
1 h prior to 
surgery or 
30 mg IVI at 
induction of 
anesthesia

No data 50–200 mg, 
0.5 h prior to 
surgery

CINV 125 mg 
before and 80 
mg daily for 
day 1 and 2

115 mg produce 
similar eff ect as 
oral aprepitant 
125 mg

150 mg orally 
before and 50 
mg daily for 
day 1 and 2

300 mg 
orally before 
chemotherapy

200 mg 
orally before 
chemotherapy

  CYP, cytochrome;  CINV, chemotherapy-induced nausea and vomiting;  IVI, intravenous infusion;  NA, not 
available;  PONV, postoperative nausea and vomiting.  
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   Aprepitant is a substrate as well as a mild-to-moderate inhibitor of CYP3A4. Th ere have 
been concerns that aprepitant may alter the pharmacokinetics of concomitantly adminis-
tered drugs that are metabolized by CYP3A4, and hence resulting in adverse drug interac-
tions. CYP3A4 inhibition appears to aff ect CYP3A4 in the gut more than that in the liver  . 
In this respect, bioavailability of orally administered midazolam was substantially increased 
(3.3-fold) by coadministration of aprepitant for 5 days[ 92 ]. In contrast, plasma midazolam 
concentration was modestly increased by 25% when the drug was given intravenously[ 93 ]. 
Currently, the only   notable interaction for aprepitant is coadministration of dexamethasone 
or methylprednisolone. When aprepitant was given for 3 days according to standard regi-
men for CINV, plasma concentrations of the two corticosteroids were increased by greater 
than twofold[ 94 ]. Currently, no study has evaluated the clinical relevance of this drug inter-
action. Nevertheless, it is recommended that the dosage of coadministered dexamethasone 
or methylprednisolone should be halved  [ 95 ]. Aprepitant also induces CYP2D6 and may 
decrease the eff ects of warfarin and oral contraceptive drugs. Th erefore, monitoring of anti-
coagulation eff ect has been recommended[ 96 ]. Aprepitant has no apparent eff ect on 5-HT 3  
receptor antagonists[ 95 ]. It should be noted that all these drug interaction studies were per-
formed in subjects receiving multiple and large doses of aprepitant. A single dose of aprepi-
tant 40 mg given before surgery for preventing PONV is unlikely to produce signifi cant drug 
interaction    .  

  Fosaprepitant 
   Fosaprepitant is a water-soluble  N -phosphoryl derivative of aprepitant[ 25 ]. As a prodrug, 
fosaprepitant is rapidly converted to its parent compound by ubiquitous phosphatases aft er 
IV administration. In volunteers receiving fosaprepitant 115 mg, the elimination half-life 
of fosaprepitant was 2.3 min, so that all drug was cleared from plasma within 30 min of 
injection[ 97 ]. Th ere is hardly any tissue distribution and the volume of distribution is esti-
mated to be about 5 L[ 97 , 98 ]. Fosaprepitant is capable of binding to NK 1  receptors but with 
much lower affi  nity (binding affi  nity (IC 50 ) values for aprepitant and fosaprepitant of 0.09 
and 1.2 nM, respectively)[ 25 ]. Th erefore, the eff ect of fosaprepitant can be attributed entirely 
to aprepitant  .  

  Casopitant 
   Casopitant is a substituted piperazine derivative. It has been formulated as a powder and in 
fi lm-coated tablets for oral administration, and has been dissolved in sodium citrate buff er 
for IV injection. Aft er oral ingestion, casopitant is rapidly absorbed with a bioavailability in 
excess of 83% and is not aff ected by dietary factors. Peak plasma concentration is reached 
in 30–90 min[ 99 ]. Casopitant crosses the blood–brain barrier freely. In volunteers receiving 
multiple doses of oral casopitant, a steady-state plasma concentration >20 ng/mL was asso-
ciated with an NK 1  receptor occupancy of >95%[ 100 ]. It should be noted that a single dose 
of casopitant of 50 mg produced a peak plasma concentration >100 ng/mL. Casopitant is 
highly bound to plasma proteins (>99%) with a volume of distribution of 2–3 L/kg. It is 
primarily metabolized (oxidation and  N -dealkylation) in the liver by CYP3A4 to produce 
a large number of inactive metabolites. Th e total clearance is about 200 mL/min[ 101 ]. 
Th e terminal half-life varies between 8.8 and 15.1 h.   Casopitant is a mild-to-moderate in-
hibitor of CYP3A4, and therefore shares the same concerns of potential drug interactions 
with aprepitant. Current data suggest that a single dose of casopitant has little eff ect on 
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the pharmacokinetics of coadministered 5-HT 3  receptor antagonists, dexamethasone and 
midazolam    [ 99 ].  

  Netupitant 
   Netupitant is a long-acting NK 1 -receptor antagonist (elimination half-life of 96 h). It is a lipo-
philic molecule, currently formulated as a combination pill with another long-acting 5-HT 3  
receptor antagonist – palonosetron (half-life of 44 h). Following oral administration, ab-
sorption is almost complete, producing peak plasma concentration at about 5 h. Netupitant 
is highly bound to plasma proteins (99%), with a volume of distribution of 30–40 L/kg. It 
is metabolized in the liver by CYP3A4. In contrast to the other NK 1 -receptor antagonists, 
the resulting metabolites were capable of binding to NK 1  receptors. Current data show that 
netupitant has no eff ect on the pharmacokinetics of palonosetron, but the dosage of dexa-
methasone should be reduced  [ 102 ].  

  Rolapitant 
   Th is is a very long-acting NK 1 -receptor antagonist, with an elimination half-life of 180 h. It 
is rapidly absorbed with the peak plasma concentration occurring at 2–3 h aft er oral admin-
istration. Rolapitant is metabolized in the liver but does not inhibit liver enzymes, including 
CYP3A4. Th erefore, risk of drug interaction is considered low    . 

   Taken together, NK 1 -receptor antagonists appear to be very safe. Reported adverse events 
in clinical trials were similar to those in the control groups (usually ondansetron)[ 103 ]. Th e 
most common side eff ects were headache and constipation  .   

  Novel antiemetic: the antipsychotic amisulpride 
   Several antipsychotics have been tried in the management of nausea and vomiting. 
Amisulpride, a second-generation antipsychotic, has emerged as a novel antiemetic for 
managing PONV. As a substituted benzamide, amisulpride preferentially blocks dopa-
mine (D 2  and D 3 ) receptors. At therapeutic dosage for treatment of psychosis (400–1,200 
mg/day), there is no interaction with adrenergic, 5-HT and cholinergic receptors[ 104 ]. 
Consequently, the risk of extrapyramidal movement, sedation and cardiac arrhythmia 
with prolonged QTc intervals were lower compared with fi rst-generation agents such as 
haloperidol[ 105 ]. 

   Th e effi  cacy of amisulpride to prevent PONV has been studied in a recently published 
randomized controlled trial[ 106 ]. In this trial, 215 patients at risk of PONV were randomized 
to receive placebo or IV amisulpride 1, 5 or 20 mg. Interestingly, only amisulpride 1 or 5 mg 
reduced the risk of PONV during the fi rst 24 h aft er surgery. Th e numbers needed-to-treat 
were 5 (95% CI, 2.7–21.6) for PONV and 5 (95% CI, 2.4–15.8) for nausea  . Th ese are encour-
aging data and further trials are required to defi ne the role of low-dose amisulpride as an 
antiemetic aft er surgery  .  

  Summary 
 In summary, current data confi rm that NK 1  antagonists are potent antiemetics that could re-
duce the risk of POV substantially. Th ese compounds are safe. However, their eff ect on post-
operative nausea remains limited. Th e emerging novel antiemetic agent amisulpride may 
also be useful to prevent PONV, but further data are needed.   
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    Chapter 

9 
  Anesthesia providers have an extensive list of medications from which to choose when 
administering sedation to their patients. Examples of such sedative agents include propofol, 
benzodiazepines and alpha-2 adrenergic receptor agonists such as clonidine and dexme-
detomidine. Although these sedative medications act through unique mechanisms, they all 
produce sedation, and all have been demonstrated to be eff ective in reducing the incidence 
of postoperative nausea and vomiting (PONV). In this chapter, we will review the mecha-
nisms and antiemetic eff ects of propofol, benzodiazepines (e.g., lorazepam and midazolam) 
and alpha-2 adrenergic receptor agonists, while giving special attention to propofol, perhaps 
the sedative best-characterized in terms of its property of preventing PONV. 

  Propofol 

  Mechanism of action 
   Propofol (Diprivan;  AstraZeneca Pharmaceuticals, Wilmington, DE, USA) is an alkylphe-
nol hypnotic agent commonly regarded as the intravenous (IV) anesthetic associated with 
a low incidence of PONV.   Its mechanism of action is still unclear, although it appears to 
enhance gamma-aminobutyric acid (GABA) receptor function, thereby inhibiting synaptic 
transmission in the brain’s vomiting center, a collection of structures in the medulla located 
near the fourth ventricle[ 1 ]. 

 Most of the commonly used antiemetics exert their eff ect in the area postrema (also 
known as the chemoreceptor trigger zone) of the medulla where dopamine, serotonin, his-
tamine, muscarine and neurokinin receptors can be found. It is unknown whether propofol 
has a direct or an indirect eff ect on these receptors[ 2 ]. 

 In order to investigate propofol’s interaction with dopamine, Hvarfner et al. administered 
apomorphine, a dopamine agonist, to healthy volunteers until vomiting was induced[ 3 ]. Th e 
authors found that a nonsedating bolus of propofol did not alter the patients’ sensitivity to 
apomorphine compared with the saline control. Th ey concluded that a nonsedative dose of 
propofol has no eff ect on vomiting induced by apomorphine, suggesting that propofol does 
not have a direct antidopaminergic eff ect. 

 To further examine the mechanism of action of propofol, Cechetto et  al. performed 
immunohistochemical analyses of serotonin in the area postrema of rats’ brains[ 4 ]. Th ey 
demonstrated that   a propofol infusion signifi cantly decreased the serotonergic activity 
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(17% ± 6%) (mean ± standard error of the mean) in the area postrema. Additionally, the ser-
otonergic inhibition was antagonized by bicuculline, an inhibitor at the GABA receptor. Th e 
authors suggested that propofol reduces serotonin secretion by promoting GABA function, 
possibly via GABA-mediated eff ects on serotonin receptors located in the area postrema    .  

  A brief history of propofol and antiemesis 
 In 1981, Briggs et al. reported that the recovery period aft er propofol anesthesia was “char-
acterized by lack of emetic sequelae.” Th e group was credited with the earliest observation of 
propofol’s antiemetic eff ect[ 5 ]. 

 As propofol appeared to decrease the incidence of PONV, interest grew in the use of 
single doses of propofol as prophylaxis for emesis. In 1988, McCollum et al. reported that 
repeated doses of propofol for anesthesia during gynecologic surgery resulted in a signifi -
cantly lower incidence of PONV than with methohexital, suggesting that propofol has an 
intrinsic antiemetic eff ect[ 6 ]. 

 Two years later, Campbell and Th omas completed the fi rst prospective study investi-
gating the use of propofol as an antiemetic[ 7 ]. Fift y-three women undergoing laparoscopic 
gynecologic surgery received either saline placebo or a single subhypnotic dose of propofol 
prior to emergence. Th e authors reported no diff erence in the incidence of PONV between 
the treatment and control groups. 

 Many of these early single-dose studies were limited by the fact that the eff ective anti-
emetic doses of propofol had not yet been established. In 1997, Gan et al. reported the results 
of the fi rst dose–response study on the antiemetic eff ect of propofol[ 8 ]. Patients who exhib-
ited nausea, retching or vomiting during recovery in the postanesthesia care unit (PACU) 
received propofol via a target-controlled continuous infusion device. Th e computer-guided 
infusion increased the dose of propofol in a stepwise fashion (from a 200 ng/mL targeted 
plasma concentration) until the patient reported resolution of the nausea. Th e authors found 
that the median plasma concentration of propofol associated with a successful antiemetic 
response was 343 ng/mL, a level that can be achieved quickly with a 10-mg bolus of propo-
fol followed by an infusion at the rate of 10 μg/kg/min. Th is dose, referred to as the “sub-
hypnotic dose,” is below the concentrations typically associated with the sedative/hypnotic 
eff ects of propofol (800–1500 ng/mL) and total intravenous anesthesia (TIVA) with propofol 
(3–4 mcg/mL).  

  Antiemetic effi  cacy of propofol 

  Intraoperative propofol versus ondansetron in breast surgery 
 Gan et al. evaluated the effi  cacy of ondansetron versus intraoperative propofol administered 
in various regimens[ 9 ]. Eighty-nine patients scheduled for breast surgery were randomized 
to one of four groups. Group O received ondansetron 4 mg, while Group PI received propo-
fol for induction, isofl urane, nitrous oxide–oxygen and fentanyl. Group PIP was adminis-
tered propofol for induction, isofl urane, nitrous oxide–oxygen and fentanyl. Th irty minutes 
prior to skin closure, the isofl urane was discontinued and propofol was administered for 
maintenance of anesthesia. Group PP received propofol for induction and maintenance of 
anesthesia, nitrous oxide–oxygen and fentanyl. Th e authors found that propofol, when used 
for both induction and maintenance of anesthesia (Group PP), was signifi cantly more eff ect-
ive than ondansetron in decreasing the incidence of vomiting as well as the use of rescue 
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antiemetics in the fi rst 6 h postoperatively. However, propofol administered as an induction 
agent (Group PI) or for induction and at the end of surgery (Group PIP) was not as eff ective 
in the prevention of PONV. Finally, the investigators used the pharmacokinetic parameters 
of propofol previously reported by Gepts et al. to simulate their dosing regimen[ 10 ]. Th e 
results of the simulated data ( Figure  9.1 ) demonstrated higher plasma concentrations of 
propofol in Group PP at all times during the fi rst 6 h postoperatively compared with those 
of Groups PI and PIP ( P  < 0.01;  analysis of variance)[ 9 ].     
  Propofol versus thiopental in middle ear surgery 
   In a double-blind, randomized trial, Honkavaara et  al. compared the antiemetic effi  cacy 
of thiopental (1.0 mg/kg) versus propofol (0.5 mg/kg) administered at the end of middle 
ear surgery, a procedure oft en associated with emetic sequelae[ 11 ]. Th e subhypnotic dose 
of propofol provided superior prophylaxis against retching and vomiting during the fi rst 6 
postoperative hours. Th e authors noted, however, that the incidence of nausea was not sig-
nifi cantly reduced by propofol when compared with thiopental  .  

  Propofol versus inhaled anesthetics 
   In a systematic review of the literature, Gupta et  al. compared postanesthesia recovery 
from either propofol, isofl urane, desfl urane or sevofl urane[ 12 ]. Th e authors reported that a 
propofol infusion was associated with a lower incidence of PONV and postdischarge nausea 
and vomiting (PDNV) over inhaled anesthetics, with a number needed-to-treat (NNT) of 
8.6 and 11.2 and an NNT of 12.5 and 10.3 for PONV and PDNV, respectively. 

 Visser et al. conducted a randomized trial involving over 2,000 surgical patients rand-
omized to receive anesthesia with either isofl urane–nitrous oxide or TIVA with propofol. 
TIVA with propofol resulted in a statistically signifi cant reduction of PONV compared with 
isofl urane–nitrous oxide anesthesia, with an NNT of 6[ 13 ]. 

 As experience with the administration of TIVA has grown and costs have declined, the 
use of TIVA with propofol has become increasingly popular, particulary for use in out-
patient procedures. However,   recent fi nancial analyses suggest that the routine use of TIVA 
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for prophylaxis against PONV is not cost-eff ective[ 13 ]. Th erefore, it would be reasonable to 
reserve the use of propofol TIVA for patients who are at the highest risk for experiencing 
PONV. Gan recommends considering TIVA with propofol in patients with at least four of the 
following PONV risk factors: female gender, nonsmoker status, history of PONV or motion 
sickness, or use of postoperative opioid medications  [ 14 ]. Additionally, patients undergoing 
laparoscopy, laparotomy, major breast surgery, otolaryngologic surgery, craniotomy, plastic 
surgery or strabismus surgery are at increased risk for PONV  [ 14 ].  

  Patient-controlled propofol for PONV 
   Gan et al. evaluated the effi  cacy of patient-controlled (on-demand) subhypnotic doses of 
propofol for the direct treatment of PONV[ 15 ]. Patients undergoing ambulatory surgery 
who experienced signifi cant nausea (defi ned as a nausea score of at least 5 on an 11-point 
nausea verbal rating scale) or emesis and who requested an antiemetic within 1 h of entry 
to the PACU were randomized to receive either propofol 20 or 40 mg, or intralipid as a pla-
cebo. Th e authors found that patients receiving 20 mg of propofol experienced a 25% lower 
incidence of nausea, and patients receiving 40 mg of propofol experienced a 29% lower inci-
dence of nausea compared with the placebo group (20 mg dose versus placebo,  P  = 0.03;  40 
mg dose versus placebo, P = 0.006). Additionally, the time to discharge from the PACU was 
signifi cantly shorter in the groups receiving propofol compared with the placebo group (20 
mg propofol, 131 ± 35 [mean ± standard deviation] min;  40 mg propofol, 141 ± 34 min;  pla-
cebo, 191 ± 92 min;   P  = 0.005). Because the authors found no diff erence in effi  cacy between 
the two doses of propofol, they recommended the lower 20-mg demand dose of propofol in 
order to avoid the side eff ects that are possible with a higher dose    .    

  Benzodiazepines 
   Benzodiazepines, such as midazolam and lorazepam, have sedative, anxiolytic and amnes-
tic properties as a result of their ability to enhance the eff ect of the neurotransmitter 
gamma-aminobutyric acid (GABA). Benzodiazepines have been demonstrated, in both 
pediatric and adult populations, to decrease the anxiety oft en associated with anesthesia and 
surgery, thereby decreasing the incidence of PONV[ 16 ]. 

  Midazolam versus placebo in children undergoing tonsillectomy 
     In a double-blind study, Splinter et al. assessed the antiemetic eff ect of midazolam in pediat-
ric patients undergoing tonsillectomy[ 17 ]. Th e children ( n  = 215) were administered either 
placebo or midazolam 75 μg/kg IV aft er induction of anesthesia with nitrous oxide and halo-
thane. Th e administration of midazolam was associated with a lower incidence of vomiting 
when compared with placebo (42% versus 57%, respectively;   P  < 0.02). Additionally, the 
placebo group experienced a higher incidence of unscheduled admissions to the hospital 
secondary to nausea and vomiting (9% versus 2%, respectively;   P  < 0.05). It was concluded 
that IV midazolam administered intraoperatively reduces vomiting aft er tonsillectomy in 
children  .  

  Midazolam versus propofol during cesarean section 
     Tarhan et  al. compared the eff ects of subhypnotic doses of midazolam and propofol on 
peripartum nausea and vomiting during cesarean deliveries under spinal anesthesia[ 18 ]. 
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Parturients received, at random, either IV placebo (normal saline), a propofol infusion 
(1.0 mg/kg/h), or a midazolam infusion (1.0 mg/h) once the umbilical cord was clamped. 
Th e researchers found that the incidence of nausea and vomiting was signifi cantly lower in 
patients who received propofol or midazolam compared with those in the control group, 
leading to the conclusion that midazolam is as eff ective as propofol in reducing the inci-
dence of nausea and vomiting in women undergoing cesarean section  .  

  Midazolam versus metoclopramide during cesarean section 
   Shahriari et al. compared the prophylactic antiemetic effi  cacy of a bolus dose of mida-
zolam versus metoclopramide during cesarean delivery under spinal anesthesia[ 19 ]. In 
this study, 80 parturients were randomly allocated to receive midazolam (2 mg) or meto-
clopramide (10 mg) immediately preceding skin incision. Th e incidence of nausea and 
vomiting was lower in the midazolam group compared with those receiving metoclopra-
mide (15% versus 52%, respectively). However, sedation scores within the fi rst three post-
operative hours were signifi cantly higher in patients receiving midazolam. Additionally, 
there were incidences of respiratory depression (respiratory rate <10 breaths per minute) 
observed in 17 patients who had received midazolam;  no respiratory depression was 
observed in those receiving metoclopramide. Given these fi ndings, the authors empha-
sized the need for additional studies to further evaluate the safety of midazolam in cesar-
ean deliveries    .  

  Midazolam versus ondansetron in adults 
   Lee et al. compared the effi  cacy of midazolam with ondansetron in preventing PONV in 
90 patients scheduled for either hysteroscopy or ureteroscopy[ 20 ]. IV midazolam (2 mg) 
or ondansetron (4 mg) was administered 30 min prior to the conclusion of the procedure. 
Th e percentages of patients who experienced PONV during the fi rst 24 h postoperatively 
were not signifi cantly diff erent between the midazolam and ondansetron groups (30% and 
27%, respectively), suggesting antiemetic prophylaxis with ondansetron was not superior to 
midazolam in these procedures    .  

  Lorazepam versus droperidol in children 
   In a double-blind study, Khalil et al. compared the effi  cacy of lorazepam versus droperidol in 
reducing emetic symptoms of children (1–13 years of age) undergoing strabismus correction 
surgery[ 21 ]. Th e children were randomly allocated to receive IV droperidol (75 μg/kg), IV 
lorazepam (10 μg/kg) or placebo. Th ey reported that lorazepam and droperidol resulted in a 
lower incidence of postoperative vomiting (POV) compared with placebo ( P  < 0.024), with 
no diff erence between lorazepam and droperidol    .   

  Alpha-2 adrenergic agonists (clonidine and dexmedetomidine) 
   Clonidine, a centrally acting agonist of alpha-2 adrenergic receptors, is commonly used 
to reduce blood pressure by decreasing peripheral vascular resistance. Clonidine bind-
ing to its receptors inhibits the release of norepinephrine, which decreases sympathetic 
tone[ 22 ]. Although clonidine has been historically prescribed for its antihypertensive 
properties, other uses have been described more recently. New studies have demonstrated 
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the effi  cacy of clonidine in treating postoperative, neuropathic and cancer-associated 
pain[ 23 ]. 

 Clonidine is also eff ective as a preanesthetic medication in the adult and pediatric popu-
lations. Clonidine has been shown to blunt the sympathetic response to anesthesia, decrease 
intraoperative anesthetic requirements, provide preoperative sedation, stabilize periopera-
tive hemodynamics, and even prevent POV[ 24 ]. 

 Some clinical trials in adults have suggested that oral clonidine is eff ective in reducing 
the incidence of PONV. However, there are confl icting results in the literature regarding 
clonidine’s antiemetic effi  cacy[ 25 – 27 ]. 

  Clonidine versus placebo in adults undergoing ear surgery 
   Taheri et al. evaluated the eff ect of oral clonidine on PONV in adult patients undergoing 
outpatient ear surgery[ 25 ]. In a double-blind study, 60 adults were randomized to receive 
either clonidine or placebo. A complete response (no PONV and no need for rescue anti-
emetic medication) during the fi rst 24 h postoperatively was 33% with placebo and 67% with 
clonidine ( P  = 0.01). Th e authors concluded that oral premedication with clonidine reduces 
the incidence of PONV in adults undergoing outpatient ear surgery  .  

  Clonidine versus placebo in children undergoing appendectomy 
   Investigations of clonidine’s antiemetic effi  cacy in children have, however, yielded mixed 
results. In a randomized, double-blind clinical trial by Alizadeh et al.[ 26 ], 60 children sched-
uled for appendectomy were randomized to receive either 4 μg/kg clonidine in apple juice or 
only apple juice 1 h prior to being transported to the operating room. Children who received 
clonidine experienced statistically signifi cantly less episodes of PONV than did children in 
the control group ( P  < 0.001). Additionally, the number of children who received rescue 
antiemetic medication was also signifi cantly lower in the treatment group ( P  < 0.001). Th e 
authors concluded that oral clonidine at a dose of 4 μg/kg administered preoperatively is 
associated with a reduced incidence of POV in children undergoing appendectomy.  

  Clonidine versus placebo in children receiving strabismus 
correction surgery 
   Gulhas et al. similarly assessed the effi  cacy of oral clonidine on PONV in children under-
going strabismus surgery[ 27 ]. In this double-blind study, 80 children were randomized to 
receive either clonidine (4 μg/kg) in apple juice or apple juice only. Th ere were no statistically 
signifi cant diff erences between the clonidine and control groups in terms of the number of 
children with complete response (21 versus 18), vomiting (19 versus 22) or need for rescue 
antiemetic medication (9 versus 12), respectively, during the fi rst 48 postoperative hours      .  

  Dexmedetomidine added to a balanced anesthesia regimen 
   Dexmedetomidine, another alpha-2 adrenergic agonist, has been commonly used for 
sedation in intensive care patients and, more recently, in nonintubated patients under-
going surgery. Massad et al. studied the antiemetic eff ect of adding dexmedetomidine to a 
balanced anesthetic technique during laparoscopic gynecologic surgery[ 28 ]. Eighty-one 
female patients were randomized to receive either an infusion of dexmedetomidine or 
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0.9% saline. Th e anesthetic technique was the same for both groups: induction of anes-
thesia was achieved with IV propofol (2 mg/kg) and fentanyl (1 μg/kg), whilst IV rocu-
ronium (0.6 mg/kg) was used to facilitate intubation and sevofl urane (0.5–2.0% end tidal 
concentration) was used for maintenance of anesthesia. Th e authors reported that during 
the fi rst 24 h postoperatively, patients receiving dexmedetomidine experienced signifi -
cantly less PONV than those in the placebo group (31.0% versus 59.0%, respectively;  
 P   =  0.04). Additionally, signifi cantly less intraoperative fentanyl and sevofl urane were 
required in the group receiving dexmedetomidine. Th e authors concluded that the ad-
ministration of dexmedetomidine as part of a balanced anesthesia regimen reduces the 
incidence of PONV, either directly or by decreasing the requirement for anesthetic drugs 
that are known to be emetogenic  .   

  Summary 
 In summary, various sedative agents such as propofol, benzodiazepines, clonidine and 
dexmedetomidine have been shown to be eff ective in the prevention of PONV through 
various mechanisms.   Propofol, while not directly antidopaminergic, appears to exert its 
antiemetic eff ects through the stimulation of GABA receptors and a reduction in the secre-
tion of serotonin. It is recommended that propofol TIVA be administered to patients at 
high risk for PONV. Additionally, there has been encouraging data to suggest the effi  cacy 
of patient-controlled subhypnotic doses of propofol for the direct treatment of nausea and 
vomiting  .   Similarly, benzodiazepines such as midazolam and lorazepam enhance the eff ect 
of GABA and have been shown to prevent PONV, possibly by decreasing the anxiety com-
monly experienced by patients undergoing surgery  . Finally,   clonidine and dexmedetomidine 
are alpha-2 adrenergic agonists that are associated with a decreased incidence of PONV. Th e 
mechanism of this eff ect remains unclear, although it may be related to a reduced require-
ment for anesthetics known to cause nausea and vomiting  . As clinical trials involving the 
aforementioned medications proceed, we hope to further elucidate and appreciate the bene-
fi cial antiemetic eff ects that these sedative agents off er.   
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    Chapter 

    Postoperative nausea and vomiting (PONV) are common and unpleasant complications 
following surgery and anesthesia. In patients at high risk (≥80%) for PONV, the latest 
Consensus Guidelines for the Management of PONV recommend that nonpharmacologic 
therapies be considered as adjuncts to pharmacologic therapy[ 1 ]. Th is chapter reviews the 
current evidence for the use of common nonpharmacologic therapies for the management 
of PONV, such as acupuncture-related techniques stimulating the wrist pericardium me-
ridian point 6 (PC6) acupoint, ginger ( Zingiber offi  cinale)  and aromatherapy. 

 We performed a systematic search of randomized controlled trials (RCTs) and system-
atic reviews published within the last decade using the Cochrane Controlled Trials Register 
at the Cochrane Library and MEDLINE (the date of the last search was December 31, 2014). 
Where appropriate, we updated published systematic reviews with RCTs that were pub-
lished aft er the reported date of electronic search of the literature. Th e primary outcomes for 
prevention of PONV were incidences of postoperative nausea and postoperative vomiting 
(POV) as separate entities and the need for rescue antiemetics. Th e primary outcome for 
PONV treatment was the need for rescue antiemetic. 

 We defi ned the overall quality of evidence using the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) approach, which considered the study 
design, risk of bias in individual trials according to the Cochrane Handbook for Systematic 
Reviews of Intervention[ 2 ] and the potential for publication bias, precision of pooled esti-
mates, consistency of results across studies, suitability of the individual study populations, 
interventions, and outcome assessments in directly addressing the clinical question and 
magnitude of eff ect[ 3 ]. For classifying the quality of the evidence, the four levels were: high, 
moderate, low and very low[ 4 ]. 

  Acupoint PC6 stimulation 
   Most nonpharmacologic studies for managing PONV have focused on the stimulation of the 
wrist at the “PC6 acupuncture point” to reduce nausea and vomiting. Th e PC6 acupoint lies 
between the tendons of the palmaris longus and fl exor carpi radialis muscles, 4 cm proximal 
to the wrist crease ( Figure 10.1 )[ 5 ].    

 According to Traditional Chinese Medicine (TCM) theory, surgery interrupts the bal-
anced state of the human body by disturbing the movement of both  qi  (energy fl ow) and 
blood, leading to stomach  qi  going upward to cause nausea and vomiting[ 6 ]. By regulating 
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the function of the stomach to reduce the adverse fl ow of  qi , PC6 acupoint stimulation may 
prevent nausea and vomiting[ 6 ]. However, from a Western evidence-based medicine per-
spective, the mechanism by which PC6 stimulation helps manage PONV is unclear. 

  Prevention 
 In the recent update of a Cochrane systematic review[ 7 ] on the eff ectiveness of PC6 acu-
point stimulation for the prevention of PONV, 10 types of PC6 acupoint stimulation were 
examined in 59 trials published between 1986 and 2015 involving 7,667 participants. 
Th e invasive types of PC6 acupoint stimulation included the following techniques that 
penetrated the skin: needle acupuncture (fi ve trials), acupuncture needle infi ltration of 
PC6 acupoint with dextrose (four trials) or droperidol (one trial), semipermanent nee-
dles (one trial) and electrical stimulation of needles (six trials). Th e noninvasive types 
of PC6 acupoint stimulation that did not penetrate the skin included the following tech-
niques: transcutaneous electrical nerve or acupoint stimulation (fi ve trials), laser stimu-
lation (two trials), acustimulation device (six trials), acupressure wristbands (25 trials), 
capsicum plaster (two trials) and conventional peripheral nerve stimulation (three trials). 
PC6 stimulation was compared with six diff erent antiemetic drugs: metoclopramide (fi ve 
trials), cyclizine (one trial), prochlorperazine (two trials), droperidol (fi ve trials), ondan-
setron (nine trials) and dexamethasone plus ondansetron (one trial). 

 Of the 59 trials, only two were considered as at low risk of bias, 32 at moderate risk of 
bias and 25 at high risk of bias. Th us, the results as shown in  Table 10.1  should be interpreted 
with a degree of caution. Th ere were wide variations in the type of surgery patients under-
went, the PC6 acupoint therapy technique (type, timing and duration), comparison (sham 

 Figure 10.1      Location of the pericardium meridian point 6 acupoint.  
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or antiemetic) and the follow-up time for assessing PONV (from postanesthesia care unit 
(PACU) to 72 h). However, the risks of POV were similar between subgroups.    

 Most trials compared PC6 acupoint stimulation versus sham and showed that PC6 
acupoint stimulation was eff ective for preventing PONV and reduced the need for rescue 
antiemetics ( Table 10.1 ). Although the overall evidence was low due to underlying high risk 
of bias in a small proportion of trials and a moderate level of heterogeneity, we would expect 
54 (95% confi dence interval (CI), 48–62) and 48 (95% CI, 41–57) fewer nausea and vomiting 
episodes per 100 high-risk patients, respectively, when the underlying control risk is set at 80 
per 100. In the trials directly comparing PC6 acupoint stimulation before and aft er induc-
tion of anesthesia against sham[ 9 , 10 ], the risk reduction in PONV was similar in magnitude 
regardless of the timing of PC6 acupoint stimulation. 

 In contrast, there was a moderate level of evidence to support PC6 acupoint stimulation 
being comparable to an antiemetic to prevent PONV ( Table 10.1 ). Th ere is also emerging 
evidence, albeit low quality, to suggest that the combined eff ect of P6 acupoint stimulation 
and antiemetic was more eff ective than an antiemetic alone in reducing the risk of vomiting 
and the need for a rescue antiemetic. Th e risk reduction associated with the combined eff ect 
of the PC6 acupoint stimulation and an antiemetic was consistent with the multimodal con-
cept of using a combination of antiemetic therapy to provide a “synergistic” eff ect. Overall, 
the side eff ects associated with PC6 acupoint stimulation were minor and self-limiting.  

  Treatment 
 Few trials have been conducted to examine the use of PC6 acupoint stimulation for the man-
agement of established PONV. One trial showed that, for established postoperative nausea 
associated with the use of morphine patient-controlled analgesia, a greater reduction was 
observed in the severity of nausea on a 100-mm visual analog scale with bilateral PC6 acu-
puncture for 2 min compared with sham acupuncture (mean diff erence 29;  95% CI, 16–43)
[ 11 ]. Rescue metoclopramide was more likely to be required in the sham acupressure group 
(100%) than in the PC6 acupressure group (47%;   P  = 0.001). Another trial showed that, in 
addition to intravenous (IV) metoclopramide 10 mg or droperidol 0.625 mg prophylaxis 
aft er induction of anesthesia, the combination of a wristband acustimulation device and 
ondansetron for the treatment of established emetic symptoms was more eff ective than the 
acustimulation device group, but was similar in the eff ectiveness to the ondansetron group 
(complete response rate without need for rescue therapy 73%, 40% and 57%, respectively)
[ 12 ]. Th e results of these two trials suggest that PC6 acupoint stimulation may be a prom-
ising nonpharmacologic technique for the treatment of established PONV in those patients 
who may have had contraindications to taking an antiemetic. 

 Whilst many diff erent techniques of PC6 acupoint stimulation have been examined 
in approximately 7,800 patients, there is currently a lack of widespread uptake of the 
technique. Th is may be due to a lack of evidence in the optimal timing, duration and 
method of PC6 acupoint stimulation[ 13 ]. In addition, invasive PC6 acupoint stimulation 
requires trained professionals to administer the technique that oft en takes up to 30 min;  
in contrast, the pharmacologic eff ect of an antiemetic is immediate. New research meth-
ods, such as network meta-analysis, may off er fresh insights into the comparative eff ect-
iveness of PC6 acupoint stimulation techniques against sham or antiemetics to answer 
the question of which types of PC6 acupoint stimulation technique are most eff ective to 
prevent PONV  .   
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  Ginger 

  Prevention 
   Ginger  (Zingiber offi  cinale)  is a common herb used in TCM. Th e pharmacologically active 
component of ginger, 6-gingerol, has antiserotonin and anticholinergic actions in the gastro-
intestinal tract[ 14 ]. As with all herbs, it is diffi  cult to standardize the active extracts, which 
may partly explain the mixed results from clinical trials. A pharmacokinetic analysis showed 
that the half-lives of ginger metabolites were 1–3 h in human plasma and did not accumulate 

 Table 10.1      Results of meta-analyses of PC6 acupoint stimulation trials for preventing PONV  

Outcome Studies Patients RR (95% CI) Quality of evidence

  Acupoint PC6 stimulation versus sham  

Nausea  
All groups  

 Invasive  
  Noninvasive

40  
7  
33

4,742  
896  
3,846

0.68 (0.60–0.77)  
0.56 (0.39–0.80)  
0.71 (0.62–0.81)

Low  a  

Vomiting  
All groups  
  Children  
  Adults  
  Mixed age groups  
  Invasive  
  Noninvasive

45  
6  
37  
2  
7  b    
37  b  

5,147  
542  
4,465  
410  
896  
4,151

0.60 (0.51–0.71)   
0.67 (0.46–0.97)  
0.61 (0.51–0.72)  
0.24 (0.07–0.79)  
0.51 (0.34–0.76)  
0.60 (0.50–0.73)

Low  a  

Need for rescue antiemetic 39 4,622 0.64 (0.55–0.73) Low  a  

  Acupoint PC6 stimulation versus antiemetic  

Nausea  
All groups  
  Invasive  
  Noninvasive

14  
5  
9

1,332  
559  
773

0.91 (0.75–1.10)  
0.69 (0.41–1.14)  
0.95 (0.78–1.16)

Moderate  c  

Vomiting  
All groups  
  Invasive  
  Noninvasive

19  
8  
12

1,708  
734  
974

0.93 (0.74–1.17)  
0.99 (0.70–1.41)  
0.90 (0.67–1.21)

Moderate  c  

Need for rescue antiemetic 9 895 0.87 (0.65–1.16) Moderate  c  

  Combined PC6 stimulation and antiemetic versus antiemetic  

Nausea 8 642 0.79 (0.55–1.13) Very low  d  

Vomiting 9 687 0.56 (0.35–0.91) Very low  d  

Need for rescue antiemetic 5 419 0.61 (0.44–0.86) Low  e  

  CI, confi dence interval;  PC6, pericardium meridian point 6 acupoint;  RR, relative risk. 
      a       Evidence graded low due to a large proportion of underlying trials with moderate-to-high risk of bias and 

moderate degree of heterogeneity.  
     b       Shenkman et al.[ 8 ] not included in subgroup analysis as the intervention involved the use of both 

acupuncture and acupressure wristband.  
     c       Evidence graded moderate due to a large proportion of underlying trials with moderate-to-high risk of bias.  
     d       Evidence graded very low due to a large proportion of underlying trials with moderate-to-high risk of bias, 

imprecision and moderate degree of heterogeneity.  
     e       Evidence graded low due to trials with imprecision and moderate-to-high risk of bias.    
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aft er multiple daily dosing of 2 g over 1 month[ 15 ]. It appears that ginger supplements do 
not have clinically important anticoagulant eff ects[ 16 ]. 

 Th is section reviews the RCTs of ginger powder in capsules on the prevention of PONV 
and updates the published trials included in a 2006 systematic review[ 17 ]. Th ere were 11 
oral ginger trials[ 14 , 18 – 27 ] published between 1990 and 2014 involving 1,228 participants. 
In all trials, the oral ginger, placebo and antiemetics (metoclopramide, dexamethasone and 
droperidol) were given 1 h before induction of anesthesia. Th e dose of ginger powder ranged 
from 0.3 g[ 21 ] to 2 g[ 27 ], with one trial[ 19 ] comparing 0.5 g and 1 g against a placebo. Trials 
were mainly conducted in women undergoing gynecologic surgery[ 14 , 18 – 21 , 24 , 25 , 27 ]. 
Follow-up time for PONV ranged from 2 to 24 h. Of the 11 trials, only two were considered 
as at low risk of bias[ 19 , 21 ], seven at moderate risk of bias and two at high risk of bias[ 18 , 23 ]. 

 Th e results of meta-analyses of ginger comparisons are shown in  Table 10.2 . In com-
paring ginger with placebo, there was no subgroup diff erence on nausea by dose ( P  = 0.17). 
However, there was a subgroup diff erence on vomiting by dose ( P  < 0.01), with a signifi cant 
risk reduction in trials with doses 1 g or above compared to placebo ( P  = 0.001). A sensitivity 
analysis based on low-to-moderate risk of bias trials with ginger doses 1 g or above showed 
that ginger was more eff ective than placebo in reducing the risk of vomiting (relative risk 
(RR) 0.66;  95% CI, 0.49–0.88). Th e eff ects of ginger or combined ginger with an antiemetic 
were similar to the antiemetic control group ( Table 10.2 ). Th e reported side eff ects (abdom-
inal discomfort and heartburn) associated with ginger were infrequent[ 18 , 19 , 25 ].     

 Table 10.2      Results of meta-analyses of oral ginger capsules for preventing PONV  

Outcome Studies Patients RR (95% CI) Quality of evidence

  Ginger versus placebo  

Nausea  
All groups  
  Dose ≥1g  
  Dose <1g

7  
6  
2

778  
549  
229

0.87 (0.74–1.03)  
0.82 (0.65–1.02)  
1.05 (0.79–1.39)

Low  a  

Vomiting  
All groups  
  Dose ≥1g  
  Dose <1g

9  
8  
2

878  
649  
229

0.77 (0.56–1.05)  
0.64 (0.49–0.84)  
1.42 (0.91–2.22)

Moderate  b  

Need for rescue antiemetic 6 550 0.61 (0.30–1.23) Low  a  

  Ginger versus antiemetic  

Nausea 2 136 0.93 (0.62–1.39) Moderate  c  

Vomiting 3 176 0.96 (0.56–1.67) Moderate  c  

Need for rescue antiemetic 3 176 0.51 (0.23–1.15) Moderate  c  

  Combined ginger and antiemetic versus antiemetic  

Nausea 2 176 1.10 (0.60–2.01) Moderate  c  

Vomiting 2 176 1.66 (0.69–4.00) Moderate  c  

Need for rescue antiemetic 2 220 0.75 (0.45–1.26) Moderate  c  

  CI, confi dence interval;  RR, relative risk. 
      a       Evidence graded low due to a large proportion of underlying trials with moderate-to-high risk of bias and 

moderate degree of heterogeneity that cannot be explained by diff erent dosages.  
     b       Evidence graded moderate due to a large proportion of underlying trials with moderate-to-high risk of bias.  
     c       Evidence graded moderate due to imprecision of the estimate.    
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  Treatment 
 No RCTs of oral ginger powder for treating established PONV are available  .   

  Aromotherapy 
   Aromotherapy can be defi ned as the inhalation of vapors of essential oils or any substances 
for the purposes of a therapeutic benefi t[ 28 ]. Most common vapors used to prevent or treat 
postoperative nausea are isopropyl alcohol, peppermint oil and ginger oil. Th e mechanism 
by which aromatherapy alleviates nausea is unclear. A disadvantage of aromatherapy is the 
risk of degradation of essential oils by oxidation or evaporation[ 28 ]. 

  Prevention 
 In an RCT of 80 women undergoing laparoscopic and gynecologic surgery, half were allo-
cated to inhale three deep nasal inhalations of 70% isopropyl alcohol before oxygenation 
and the other half were given no treatment[ 29 ]. Both groups were given ondansetron 4 mg 
IV before the end of surgery. Th e risk of postoperative nausea was similar between the iso-
propyl alcohol inhalation group and control group (47% versus 32%, respectively;   P  = 0.16). 
Although the outcome assessors were blinded to the treatment allocation, the patients and 
attending anesthesiologists were not blinded.  

  Treatment 
 Th is section updates a systematic review of RCTs on aromatherapy for the treatment of 
PONV[ 28 ], with the primary outcome of the need for rescue antiemetic. Trials published as 
conference abstracts were excluded. We found seven trials[ 30 – 36 ] published between 1999 
and 2014 involving 613 patients with PONV symptoms. One trial[ 35 ] was conducted in 
children undergoing general anesthesia for outpatient surgery. Patients were asked to deeply 
inhale the scent of isopropyl alcohol[ 30 – 33 , 35 , 36 ], peppermint[ 30 , 34 ], ginger[ 32 ], blended 
oils[ 32 ] or placebo[ 30 , 32 , 34 , 35 ] three times at 5-min intervals for up to a maximum of three 
times, or were given an antiemetic as standard treatment[ 31 , 33 , 36 ]. Of the seven trials, three 
were at high risk of bias[ 32 , 34 , 36 ]. 

 In trials comparing aromatherapy with placebo, the high degree of heterogeneity was 
likely due to the type of essential oils used as there was a signifi cant subgroup diff erence 
detected ( P  = 0.03) ( Figure 10.2 ).  Figure 10.2  suggests that aromotherapy using ginger or 
blended oils was more eff ective in reducing the need for rescue antiemetic than placebo 
aromatherapy, but these results are based upon one low-quality trial[ 32 ]. Whilst iso-
propyl alcohol is readily available in the PACU (in the form of injection site “prep-pads”), 
there was no reduction in the proportion of patients needing rescue antiemetic compared 
to placebo aromatherapy (RR 0.85;  95% CI, 0.69–1.05). Th us, the overall evidence to 
support the use of aromatherapy over placebo is rated “very low” due to the imprecision 
of results (total sample size of 415) and the inclusion of a large proportion of high risk 
of bias trials.    

 Compared to standard care of treating PONV with an antiemetic, the risk of requiring 
rescue antiemetic in the isopropyl alcohol group was similar in the pooled results from three 
trials (RR 0.67;  95% CI, 0.31–1.45). Th e overall quality of evidence is rated “low” due to im-
precision of results and inclusion of moderate-to-high risk of bias trials  .   
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  Summary 
 Nonpharmacologic therapies are attractive alternatives to antiemetics, with benefi ts including 
low cost, noninvasive nature of administration and infrequent side eff ects. Th e results of this 
chapter suggests that compared to placebo, there is low evidence to support the use of PC6 
acupoint stimulation for the prevention of PONV and moderate evidence to support the use 
of oral ginger capsules at a dose of 1 g or more to prevent POV in high-risk patients who have 
contraindications to the use of standard antiemetics. Th ere is insuffi  cient evidence to support 
the widespread use of aromatherapy for treatment of PONV at this point in time  .   
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    Chapter 

    None of the currently available antiemetics are entirely eff ective for the prophylaxis against 
postoperative nausea and vomiting (PONV). Th e best number needed-to-treat (NNT) for 
the most eff ective antiemetics investigated in meta-analyses is about four, meaning that 
four patients have to receive antiemetic prophylaxis for one patient to benefi t from such 
intervention. Th e limited effi  cacy of single-agent antiemetic prophylaxis, particularly in 
high-risk patients, has led to increased interest in combination antiemetic therapy. Th e 
concept of combination antiemetic prophylaxis originated in 1988 for the management of 
chemotherapy-induced nausea and vomiting (CINV)[ 1 ]. Investigating combination anti-
emetic therapy for PONV prophylaxis followed the encouraging results in CINV. 

 Th e use of combination antiemetic therapy has sound physiologic basis. Th e vomiting 
center is located in the lateral reticular formation of the medulla and is triggered by acti-
vating stimuli from several areas within the central nervous system (CNS), including the 
chemoreceptor trigger zone in the area postrema, the vestibular apparatus, the vagus nerve, 
the solitary tract nucleus, the forebrain and other higher cortical centers[ 2 ]. Th ese various 
sites contain receptors for serotonin, histamine, dopamine, acetylcholine, neurokinin (NK), 
opioids and many other endogenous neurotransmitters[ 3 ]. Antagonists at those recep-
tors form the mainstay of most of the currently available antiemetics. Since the etiology 
of PONV is multifactorial, improved antiemetic prophylaxis might be achieved by using a 
combination of antiemetic drugs that work at diff erent receptor sites. Th is chapter will focus 
on the following aspects relating to combination antiemetic therapy.  

•   Combination of two antiemetics for PONV prophylaxis.  
•   Combination of more than two antiemetics and the multimodal approach for PONV 

prophylaxis.  
•   Comparison between diff erent antiemetic combinations.  
•   Side eff ects of combination antiemetic therapy.  
•   Effi  cacy of combination therapy for postdischarge nausea and vomiting (PDNV).  
•   Combination therapy for the treatment of established PONV.   

  Combination of two antiemetics for PONV prophylaxis 
 Numerous combinations of two antiemetics have been investigated. A comprehensive list of 
all the combinations studied is beyond the scope of this chapter. In general, a combination 
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of two eff ective antiemetic interventions has been associated with improved PONV prophy-
laxis compared to either intervention alone. Th e combination of fi rst-generation serotonin 
antagonists with dexamethasone or droperidol has been the most frequently studied com-
bination. Th e following combination of two antiemetics will be reviewed: 

•   combination of 5-HT 3  receptor antagonists with dexamethasone  
•   combination of 5-HT 3  receptor antagonists with droperidol  
•   combination of dexamethasone and droperidol  
•   combination of ondansetron and scopolamine  
•   combinations involving metoclopramide  
•   combinations involving NK type 1 (NK 1 )-receptor antagonists  
•   other combinations.    

  5-HT 3  receptor antagonists + dexamethasone 
   Th e combination of dexamethasone with a 5-HT 3  receptor antagonist is one of the most 
commonly used combinations in current practice. It has been previously suggested that 
there might be synergy between 5-HT 3  receptor antagonists and dexamethasone stemming 
from the corticosteroid’s ability to slow the turnover of serotonin in the CNS[ 4 ]. However, a 
large multicenter study suggested that the interaction between ondansetron and dexametha-
sone is additive and not synergestic[ 5 ]. 

  Combination of dexamethasone with fi rst-generation 5-HT 3  receptor antagonists 
   Ondansetron was the fi rst 5-HT 3  receptor antagonist reported in the medical literature in 
1988 for the management of CINV and in 1991 for PONV[ 6 , 7 ], and has been the most exten-
sively studied agent. One of the fi rst randomized controlled trials (RCTs) of the combination 
of ondansetron and dexamethasone was published in 1996 by Lopez-Olaondo et al., who 
performed a double-blind RCT of women undergoing elective gynecologic surgery[ 8 ]. Th ey 
reported that dexamethasone 8 mg combined with ondansetron 4 mg was more eff ective at 
preventing PONV than either agent alone or placebo;  the incidence of PONV at 48 h was 
80% with placebo, 48% with ondansetron, 40% with dexamethasone and 16% in the com-
bination therapy group. 

 Subsequently, numerous studies investigated this combination and confi rmed its super-
iority to single agent prophylaxis[ 9 ]. In a large European multicenter study of factorial 
design involving patients with at least 40% risk for PONV, according to the Apfel simplifi ed 
risk score, Apfel et al. reported that the combination of ondansetron 4 mg with dexametha-
sone 4 mg was more eff ective than each agent alone (37% PONV with monotherapy versus 
28% with combination therapy)[ 5 ]. Comparable results have been obtained with the com-
bination of dexamethasone with granisetron[ 10 ], tropisetron[ 11 , 12 ] and dolasetron[ 13 , 14 ]. 
A number of meta-analyses have also confi rmed the superiority of the combination of dexa-
methasone with fi rst-generation 5-HT 3  receptor antagonists compared to prophylaxis with 
a single agent  [ 15 – 17 ].  

  Combination of dexamethasone with second-generation 5-HT 3  receptor antagonists 
   Palonosetron, a second-generation 5-HT 3  receptor antagonist, fi rst appeared in the litera-
ture for the prevention of delayed CINV in 2003 and for PONV prevention in 2008[ 18 , 19 ]. 
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Since palonosetron is a newer agent, data on combination therapies including palonosetron 
are still sparse. Bala et al. assessed PONV prophylaxis with palonosetron 0.075 mg/dexa-
methasone 8 mg combination therapy compared to palonosetron alone in patients undergo-
ing laparoscopic cholecystectomy[ 20 ]. In the fi rst 24 postoperative hours, the combination 
therapy group had signifi cantly lower PONV episodes compared to monotherapy (26.3% 
versus 76.2%,  P  = 0.004). Other studies, however, did not confi rm the superiority of this 
combination. In a high-risk population with two or more PONV risk factors undergoing 
gynecologic, ear or thyroid surgery, Park et al. found no diff erence in PONV severity scores 
between the palonosetron 0.075 mg versus palonosetron 0.075 mg plus dexamethasone 8 
mg groups[ 21 ]. Similarly, Blitz et al. included patients with three or more PONV risk factors 
undergoing laparoscopic surgery and showed no diff erence in PONV incidence between the 
palonosetron and palonosetron plus dexamethasone groups[ 22 ]. More studies are needed 
to assess whether there is added benefi t of combining dexamethasone with palonosetron 
compared to prophylaxis with palonosetron alone    .   

  5-HT 3  receptor antagonists + droperidol 
     Th e combination of ondansetron and droperidol was one of the most commonly investi-
gated combinations. Th e greater antinausea effi  cacy of droperidol combined with the good 
effi  cacy of ondansetron against vomiting provides a good rationale for this combination. 
Further, droperidol seems to have a protective eff ect against headache, a common side 
eff ect of ondansetron[ 23 ]. In 2000, Eberhart et al. performed a meta-analysis of eight stud-
ies including 881 patients and reported that seven of the eight studies reported increased 
antiemetic effi  cacy of the combination, but the results were not statistically signifi cant[ 15 ]. 
When those studies were pooled in a meta-analysis, the diff erences were still not statistic-
ally signifi cant (NNT = 12 for PONV with the combination versus droperidol alone and 
NNT = 14 for PONV with the combination versus 5-HT 3  receptor antagonists alone). Habib 
et al. reported comparable results in a subsequent meta-analysis[ 16 ]. In a large European 
multicenter study of factorial design, however, Apfel et al. reported that the combination of 
droperidol 1.25 mg and ondansetron 4 mg was signifi cantly more eff ective than each agent 
alone[ 5 ]. Following the US Food and Drug Administration (FDA) black box warning on 
droperidol, the use of this agent has decreased and some studies began to investigate the use 
of haloperidol for PONV prophylaxis. Data on combination therapy involving haloperidol 
are limited, but one study reported that the combination of haloperidol 2 mg with ondanse-
tron 4 mg was associated with a higher complete response (79%) compared with haloperidol 
(61%) or ondansetron (62%) alone  [ 24 ].  

  Dexamethasone + droperidol 
   Th e combination of dexamethasone with droperidol has been less frequently investigated. 
In a large European multicenter study, the combination of dexamethasone 4 mg with 
droperidol 1.25 mg was found to be more eff ective than each agent alone[ 5 ]. Following 
the FDA black box warning on droperidol, some studies investigated the   combination of 
dexamethasone with haloperidol. Chu et al. found that the 24 h incidence of PONV was 
signifi cantly reduced with the combination of haloperidol 2 mg with dexamethasone 5 
mg (19%) compared with each agent alone or droperidol 1.25 alone (36–38%) or placebo     
(65%)[ 25 ].    
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  Ondansetron + transdermal scopolamine 
   In a large multicenter study involving 620 females undergoing outpatient laparoscopic or 
breast surgery, Gan et al. reported that the combination of transdermal scopolamine (TDS) 
patch 1.5 mg applied 2 h before surgery and ondansetron 4 mg administered at induction 
of anesthesia was associated with a higher 24-h complete response (no vomiting/retching 
or need for rescue) (48%) compared with ondansetron alone (39%)[ 26 ]. Interestingly, the 
incidence of side eff ects was also lower in the combination group. Other studies have also 
confi rmed the superior antiemetic effi  cacy of this combination compared with ondansetron 
alone  [ 27 , 28 ].  

  Combinations involving metoclopramide 
   Studies evaluating the combination of metoclopramide 10 mg with other antiemetics have, 
in general, showed limited benefi t compared to single-agent prophylaxis with the antiemet-
ics[ 9 ]. For instance, the combination of metoclopramide 10 mg with droperidol[ 29 ] or dexa-
methasone[ 30 ] was no better than the other antiemetic alone. In a recent meta-analysis[ 31 ], 
there were limited studies investigating combinations involving metoclopramide 10 mg, and 
those studies have shown no benefi t of combinations involving metoclopramide, except for 
early (1–6 h) nausea, which was reduced with the combination compared to placebo with a 
NNT of 10, but were not compared to single-agent prophylaxis. Higher doses of metoclo-
pramide might, however, have a more consistent antiemetic eff ect. A large German multi-
center study involving 3,140 patients confi rmed that metoclopramide 10 mg combined with 
dexamethasone 8 mg did not result in improved PONV prophylaxis compared with dexa-
methasone alone. Higher doses of metoclopramide of 25 and 50 mg combined with dexa-
methasone were associated with lower PONV rates (17% and 15%, respectively) compared 
with dexamethasone alone (21%)  [ 32 ].  

  Combinations involving NK 1 -receptor antagonists 
   Th ere are relatively few data on combination therapy involving the NK 1  receptor antago-
nists. A summary of studies investigating combinations with NK 1  receptor antagonists is 
presented in  Table 11.1 .   In females undergoing abdominal hysterectomy, the combination 
of ondansetron 4 mg plus the NK 1  receptor antagonist (CP-122, 721)  was signifi cantly 
better than each agent alone in prolonging the time to the fi rst administration of rescue 
antiemetic and in reducing the incidence of vomiting (4% combination group versus 24% 
ondansetron group and 6% CP-122, 721 group)[ 33 ]. Th e combination of casopitant with 
ondansetron was also more eff ective than ondansetron alone in achieving a higher complete 
response rate[ 34 , 35 ].   Aprepitant, the only FDA-approved NK 1 -receptor antagonist, was 
studied in combination with ondansetron compared to ondansetron alone in three stud-
ies[ 36 – 38 ], with all showing lower incidence of vomiting with the combination compared to 
ondansetron alone. Interestingly, only one study used the FDA-approved PONV aprepitant 
prophylaxis dose of 40 mg[ 38 ], while the other two used higher doses[ 36 , 37 ]. Similarly, the 
  combination of aprepitant 80 mg with ramosetron 0.3 mg was more eff ective than ramo-
setron alone in reducing the incidence of nausea and vomiting as well as the severity of 
nausea    [ 39 ]. Finally, the   combination of aprepitant 80 mg with dexamethasone 8 mg was 
more eff ective than dexamethasone alone in reducing the incidence of vomiting and the 
severity of nausea  [ 40 ]. Interestingly, none of those studies compared the combination to a 
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 Table 11.1      Studies of combination antiemetic therapy involving the use of NK 1 -receptor antagonists  

Study Type of surgery Groups ( n ) Nausea (%)
Vomiting 
(%)

Complete 
response (%)

Results of statistical 
analysis

Gesztesi et al. 
[ 33 ]

Hysterectomy O 4 mg (52)  
CP122, 7211 200 mg (52)  
O 4 mg + CP122, 721 200 mg (53)

98  
96  
98

24  
6  
4

Nausea: NS  
Vomiting:  
CP122, 721 = O + CP122, 
721 > O

Altorjay et al. 
[ 34 ]

Breast, shoulder, 
gynecologic, or 
thyroid surgeries, 
cholecystectomy, 
hysterectomy

O 4 mg IV (237)  
O 4 mg IV + C 50 mg PO (235)

25.1  
10.3

58.7  
68.7

Vomiting and CR:  
O + C > O

Singla et al. 
[ 35 ]

Laparoscopic or 
open gynecologic 
surgery, laparoscopic 
cholecystectomy

O 4 mg IV (129)  
O 4 mg IV + C 50 mg PO (135)  
O 4 mg IV + C 100 mg PO (130)  
O 4 mg IV + C 150 mg PO (128)  
C 150 mg PO (126)

67.1  
70  
63.6  
66.4  
72.5

28.6  
9.3  
4.3  
7.1  
7

40  
59.3  
62.1  
60.7  
50

Nausea: NS  
Vomiting and CR:  
all O + C groups > O

Lim et al. [ 36 ] Rhinolaryngologic O 4 mg IV (26)  
O 4 mg IV + A 80 mg PO (28)  
O 4 mg IV + A 125 mg PO (24)

70.8  
82.1  
96.1

PONV: O + A 125 mg > O

Sinha et al. 
[ 37 ]

Laparoscopic bariatric 
surgery

O 4 mg IV (60)  
O 4 mg IV + A 80 mg PO (64)

15  
3.1

36.7  
42.2

Vomiting: O + A > O  
CR: NS

Vallejo et al. 
[ 38 ]

Ambulatory plastic 
surgery

O 4 mg IV (75)  
O 4 mg IV + A 40 mg PO (75)

29.7  
9.3

26.7  
34.7

Vomiting: O + A > O  
CR: NS

Lee[ 39 ] Gynecologic surgery R 0.3 mg IV (42)  
R 0.3 mg IV + A 80 mg PO (42)

80.9  
50

42.8  
4.7

47.6  
19.1

Nausea, vomiting and 
PONV: R + A > R

Kawano et al. 
[ 40 ]

Knee surgery Dex 8 mg IV (30)  
Dex 8 mg IV + A 80 mg PO (30)

27  
3

Vomiting:  
Dex + A > Dex

Green et al. 
[ 41 ]

Any surgery A 40 mg PO (57)  
A 40 mg PO + TDS 1.5 mg (58)

35  
45

3.5  
8.6

63  
57

Nausea, vomiting and 
CR: NS

  A, aprepitant;  C, casopitant;  CR, complete response;  Dex, dexamethasone;  IV, intravenous;  NS, no statistically signifi cant diff erences;  O, ondansetron;  PO, oral;  R, 
ramosetron;  TDS, transdermal scopolamine;  >, statistically signifi cant diff erence. Data are 24-h data unless studies reported data at other time points not including 24 h.    
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group receiving aprepitant only prophylaxis;  therefore, it is not clear if those combinations 
are superior to single-agent prophylaxis with aprepitant. Th e only study comparing combin-
ation therapy to monotherapy with aprepitant was in patients with at least two of the four 
Apfel risk factors who received prophylaxis with aprepitant 40 mg alone or combined with 
TDS[ 40 ]. Interestingly, the addition of TDS did not confer any improved antiemetic effi  cacy 
compared to aprepitant alone  .     

  Other combinations 
 Lee et al. evaluated the   combination of TDS with intravenous dexamethasone in patients 
receiving patient-controlled epidural analgesia aft er major orthopedic surgery, and reported 
that the combination was more eff ective in preventing PONV than dexamethasone alone or 
dexamethasone plus ramosetron  [ 42 ]. Th e   combination of cyclizine 50 mg and ondansetron 
4 mg was more eff ective than ondansetron alone in preventing PONV in women undergoing 
ambulatory gynecologic surgery  [ 43 ]. Khalil et al. compared the   combination of ondansetron 
2 mg and promethazine 12.5 mg with ondansetron 4 mg, promethazine 25 mg or placebo in 
87 patients scheduled for middle ear surgery[ 44 ]. During the 24-h postoperative period, the 
incidence of PONV was lower in the combination (29%) and promethazine (39%) groups 
compared with the placebo group (74%). Whilst the incidence of PONV in the ondansetron 
group (48%) was higher than the combination group, the diff erence was not statistically 
signifi cant since the study was not powered to detect diff erences between the combination 
group and single agent group, which is also the case in many other published studies com-
paring combination therapy versus the two active agents and placebo. Gan et al. compared 
the   combination of promethazine 6.25 mg with granisetron 0.1 mg versus each agent alone 
in women undergoing outpatient laparoscopy[ 45 ]. Prophylaxis with oral promethazine 12.5 
mg, granisetron 1 mg or both was started in the respective groups 12 h aft er the end of sur-
gery and continued every 12 h until postoperative day 3. Patients in the combination group 
had a higher total response rate (no PONV and no rescue) at 6, 24, 48 and 72 h aft er surgery 
compared with those who received promethazine alone (at 24 h combination 69.6%, pro-
methazine 36.2%, granisetron 53.3%;   P  = 0.0079). Th e maximum nausea scores were also 
lower in the combination group compared to both single-agent groups    .   

  Combination of more than two antiemetics and the multimodal 
approach for PONV prophylaxis 
   Th e concept of the multimodal approach involves the use of strategies to minimize the base-
line risk of PONV in addition to using combination antiemetic therapy. Scuderi et al. inves-
tigated a multimodal approach to the management of PONV in female patients undergoing 
outpatient laparoscopy[ 46 ]. Th eir multimodal algorithm consisted of total intravenous 
anesthesia (TIVA) with propofol and remifentanil, no nitrous oxide, no neuromuscular 
blockade, aggressive intravenous hydration, triple prophylactic antiemetics (ondansetron 1 
mg, droperidol 0.625 mg and dexamethasone 10 mg) and ketorolac 30 mg. Control groups 
included inhaled anesthetic, nitrous oxide, fentanyl and muscle relaxation with neostigmine 
reversal with or without 4 mg ondansetron prophylaxis. Complete response rate (no PONV 
and no rescue) in the postanesthesia care unit occurred in 98% of patients in the multi-
modal group compared with 76% in the ondansetron group and 59% in the placebo group 
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( P  < 0.0001). Readiness to discharge was also sooner in the multimodal group ( P  < 0.001). 
Habib et al. also found that a multimodal approach incorporating TIVA with propofol com-
bined with ondansetron 4 mg and droperidol 0.625 mg, together with ketorolac and local 
anesthetic infi ltration, was more eff ective than the combination of the two antiemetics alone 
or TIVA alone in achieving a complete response (no PONV and no rescue) at 24 h follow-
ing laparoscopic cholecystectomy (80%, 63% and 43%, respectively)[ 47 ]. Th e contribution 
of each component to the antiemetic eff ect, however, was not assessed in those studies. In 
a multicenter study of factorial design involving 5,161 patients with at least two of the four 
Apfel risk factors, a multimodal approach was assessed involving three antiemetic interven-
tions (ondansetron 4 mg, droperidol 1.25 mg and dexamethasone 4 mg) and three anes-
thetic interventions (TIVA with propofol, omission of nitrous oxide and use of remifentanil 
for intraoperative analgesia); the antiemetic effi  cacy of various combinations of those inter-
ventions was evaluated[ 5 ]. Th e incidence of PONV was 17% in patients who received all 
six interventions compared to 59% in those who did not receive any of those interventions. 
Th e progressive reduction in the risk of PONV with each added intervention is shown in 
 Figure 11.1 [ 5 ]. Each antiemetic reduced the incidence of PONV by 26%, TIVA with propo-
fol reduced it by 19% and omission of nitrous oxide reduced it by 12%. Th e use of remifenta-
nil intraoperatively instead of fentanyl did not confer any additional benefi t. Th e interaction 
between those interventions was additive and not synergistic  .     
  Comparison between diff erent antiemetic combinations 
   Th ere are relatively few studies comparing the effi  cacy of diff erent antiemetic combinations. 
Th is is partly due to the fact that a large sample size is needed to demonstrate diff erences 
between diff erent antiemetic combinations. In a meta-analysis involving 3,447 patients, 
Habib et al. reported no diff erence in antiemetic effi  cacy between the combination of 5-HT 3  
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 Figure 11.1      Incidence of postoperative nausea and vomiting (PONV) with various combinations of anesthetic –
omission of nitrous oxide (air), use of total intravenous anesthesia (TIVA) with propofol and use of remifentanil 
(remi) – and antiemetic interventions (single, double or triple antiemetics of the following: ondansetron 4 mg, 
droperidol 1.25 mg and dexamethasone 4 mg).  
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receptor antagonists with droperidol and their combination with dexamethasone[ 16 ]. 
Similarly, Apfel et al. reported no diff erence in antiemetic effi  cacy between three combin-
ations: ondansetron 4 mg with dexamethasone 4 mg, ondansetron 4 mg with droperidol 1.25 
mg and dexamethasone 4 mg with droperidol 1.25 mg[ 5 ]. Gan et al. reported that low-dose 
granisetron 0.1 mg plus dexamethasone 8 mg was as eff ective as ondansetron 4 mg plus 
dexamethasone 8 mg IV in women undergoing abdominal hysterectomy  [ 48 ].  

  Side eff ects of combination antiemetic therapy 
   Studies have reported no increased risk of side eff ects when using combination antiemetic 
therapy compared with single-agent prophylaxis. A meta-analysis involving 3440 patients 
reported no increase in side eff ects with the combination of 5-HT 3  receptor antagonists 
with dexamethasone or droperidol compared to monotherapy, except for an   increased 
risk of headache with the combination of 5-HT 3  receptor antagonists with dexametha-
sone compared to dexamethasone alone (odds ratio (OR), 1.75;  95% confi dence interval 
(CI), 1.01–3.03)  [ 49 ]. Th e   combination of 5-HT 3  receptor antagonists with droperidol was 
associated with fewer headaches than 5-HT 3  receptor antagonists alone (OR, 0.35;  95% CI, 
0.18–0.69). Whilst 5-HT 3  antagonists and droperidol have been associated with prolonga-
tion of the QT interval, there is no signifi cant increase in QT-interval prolongation when 
these medications are used in combination compared to each agent alone    [ 50 , 51 ].  

  Effi  cacy of combination therapy for PDNV 
   In 2003, Gupta et al. performed a meta-analysis assessing the effi  cacy of monotherapy and 
combination therapy for the prophylaxis against PDNV. Th ey reported that, compared with 
placebo, ondansetron reduced the risk of PDNV with an NNT of 14, while the NNT for 
the combination of ondansetron with another antiemetic was 5[ 52 ]. Pan et al. compared 
single-agent prophylaxis with ondansetron 4 mg versus the combination of ondansetron 
4 mg and dexamethasone 8 mg with postdischarge 8 mg ondansetron oral disintegrating 
tablet administered on the morning of postoperative days 1 and 2[ 53 ]. Th e combination 
group had a lower incidence of postdischarge nausea (57% versus 20%), and postdischarge 
vomiting (20% versus 3%) compared with the ondansetron monotherapy group. Quality of 
recovery scores were also higher in the combination group. Studies on combination anti-
emetic therapy involving longer-acting antiemetics in the context of PDNV are lacking  .  

  Combination therapy for the treatment of established PONV 
   Whilst most studies evaluate the effi  cacy of diff erent antiemetics for PONV prophylaxis, 
there are few data on the effi  cacy of these drugs for the treatment of established PONV, 
particularly with regards to the use of combination therapy. Rusch et al. evaluated the recur-
rence of PONV over 24 h in 228 patients with established PONV who received rescue with 
a single agent (dolasetron or haloperidol) alone or with added dexamethasone 8 mg[ 54 ]. 
Th e addition of dexamethasone signifi cantly reduced PONV recurrence from 51 to 33% 
( P   =  0.005). Ormel et  al. evaluated 80 gynecologic day surgery patients with established 
PONV who were randomized to treatment with triple therapy consisting of ondansetron, 
droperidol and dexamethasone versus ondansetron and droperidol[ 55 ]. Th ere was a sig-
nifi cant reduction in PONV in the fi rst 6 h with triple therapy (81.4%) compared with dual 
therapy regimen   (65%,  P  = 0.04).  
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    Chapter 

  Although postoperative nausea and vomiting (PONV) has been called the big “little problem” 
in anesthesia, it remains a major cause of patient dissatisfaction and increased perioperative 
costs from delayed discharge and unplanned hospital admission[ 1 – 3 ].   Postoperative vomit-
ing (POV) occurs in 30% of adults, nausea in 50% and postdischarge nausea and vomiting 
in 37%, with rates as high as 80% for various subsets of adults[ 2 , 4 ]. In pediatric patients, the 
incidence of PONV in children may be underestimated as many younger pediatric patients 
cannot report the sensation of nausea[ 2 , 5 ]. In pediatric studies, the rate of POV is therefore 
used as an endpoint and the incidence of POV is higher in children than adults  . 

   PONV rates are increasingly considered to be quality-of-care markers as life-threatening 
anesthetic related events are now rare[ 1 ]. Th is focus on PONV led to the establishment of 
expert consensus guidelines for the management of PONV by the Society for Ambulatory 
Anesthesia, with endorsement of the 2014 revised guidelines by many professional anesthe-
siology associations around the world[ 2 ]. Th e guidelines recommended: the identifi cation 
of at-risk patients;  the reduction of risk factors;  the administration of prophylaxis com-
mensurate with the degree of risk in the individual, including children;  rescue treatment for 
patients in whom prophylaxis either failed or was not given;  ensuring that recommenda-
tions for prevention and treatment of PONV were actually implemented;  and facilitation 
of such implementation by a multimodal approach[ 2 ]. Th is chapter will be based on these 
guidelines and will focus on POV in children  . 

  Physiology of nausea and vomiting 
   Th e physiology of vomiting in adults was described by Borison and Wang[ 6 ] and is dis-
cussed in more detail elsewhere. In summary, vomiting is controlled by two areas of the 
brain – the chemoreceptor trigger zone (CTZ) located in the area postrema in the fl oor of 
the fourth ventricle, and the emetic center in the lateral reticular formation of the brain-
stem. Th ese areas coordinate interactions between smooth and striated muscles of the gut 
to produce vomiting. 

   Although vomiting occurs at every age, including the neonatal period, there are very 
few data available on the age-related development of the emetic center and CTZ. Anesthetic 
agents have a neuroapoptotic eff ect on the developing brain in animals[ 7 ]. However, it is 
unclear if exposure to anesthetics leads to neuroapoptosis in the emetic center and the CTZ 
of humans, and if this has any short- or long-term clinical signifi cance  .    
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  PONV risk factors in children 
   Whilst many factors are associated with increased PONV, the consensus guidelines recom-
mended focusing on the ones shown to be independent risk factors in large cohort stud-
ies aft er accounting for confounding factors. Th ere is a dose-dependent eff ect of volatile 
agents and postoperative opioids on PONV[ 4 , 8 ]. Increased PONV with abdominal surgery 
in adults may represent the eff ect of confounding issues, such as duration of surgery or 
increased opioid use rather than being an independent risk factor[ 9 ]. 

 Th e factors used in pediatric risk stratifi cation scores diff er from those in adult sub-
jects[ 10 ]. Eberhart et al. identifi ed four factors in children: duration of surgery >30 min;  
age >3 years;  prior POV in the patient, parent or sibling;  and strabismus surgery. If 0, 1, 2, 
3 or 4 of these factors were present, the patient’s risk for POV was approximately 9%, 10%, 
30%, 55% and 70%, respectively[ 10 ]. Th is score was validated in another institution where 
children not undergoing strabismus surgery and not receiving antiemetic prophylaxis had 
a POV incidence of 3.4%, 11.6%, 28.2% and 42.3% in the presence of 0, 1, 2 or 3 factors, 
respectively[ 11 ]. Bourdaud et al. studied 2,392 children undergoing general anesthesia and 
created a new, simplifi ed 6-point score based on age, predisposition to POV, duration of 
anesthesia >45 min, type of surgery and use of multiple doses of opioids ( Table 12.1 )[ 12 ]. 
Th e relationship between age and risk of POV was not linear but highest for ages between 
6 and 13 years, with twice the risk compared to children between 3 and 6 years or above 
13 years, while children <3 years had the lowest risk. A predisposition to POV was defi ned 
as prior history of POV, motion sickness or family history of POV. Th e study also identifi ed 
tonsillectomy and tympanoplasty in addition to strabismus surgery as independent risk 
factors. Th e authors considered patients with a risk score of 0–1 as being at low risk, 2–3 as 
moderate and 4–6 as high risk for POV. Th is new pediatric vomiting in the postoperative 
period (VPOP) score[ 12 ] had a greater area under the receiver-operating characteristics 
curve compared to the score by Eberhart et al.[ 10 ]. If these fi ndings are confi rmed in other 
studies, the VPOP score could be used to guide therapy for POV in children.    

 Factors that have been disproved or of limited clinical relevance in adults have been 
discussed in other chapters. In children, preoperative anxiety was not found to be associ-
ated with increased POV[ 13 ], and routine gastric suctioning and intraoperative therapeutic 
suggestion did not reduce POV[ 5 , 13 – 15 ]. Whilst   airway and pulmonary complications are 
higher in children coming from households with smokers, the eff ect of second-hand smok-
ing on POV in children is unknown  [ 2 , 5 , 16 , 17 ]. Th e preoperative visit may be an opportun-
ity to introduce the child’s caretakers to smoking cessation programs  .  

  Reducing baseline risks of POV 
   Strategies recommended to reduce baseline risk and incidence of POV include[ 2 , 5 ]:  

•   the avoidance of general anesthesia by the use of regional anesthesia  
•   preferential use of propofol infusions  
•   avoidance of nitrous oxide  
•   avoidance of volatile anesthetics  
•   minimization of perioperative opioids  
•   adequate hydration.   
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     Regional anesthesia is associated with less PONV than general anesthesia in both children 
and adults[ 2 ]. In the pediatric patient population, regional anesthesia is usually performed 
aft er induction of general anesthesia to reduce stress associated with inserting needles.   A 
major benefi t of a combined general and regional anesthetic technique is the reduction in 
perioperative opioid requirements, and consequently, reduced postoperative emesis. Children 
randomized to a wrist block during hand surgery had less emesis than those receiving peri-
operative opioids  [ 18 ]. Similarly, children receiving a peribulbar block, subtenon block or top-
ical lidocaine during strabismus repair had less emesis than a control group  [ 19 , 20 ]. 

   When general anesthesia is required, use of propofol for induction and maintenance of 
anesthesia lowers the incidence of early PONV occurring within the fi rst 6 h[ 21 ]. Children 
receiving intraoperative propofol in subhypnotic doses (bolus of 1 mg/kg followed by an in-
fusion at 20 μg/kg/min), combined with dexamethasone or tropisetron during tonsillectomy 
procedures, had less emesis than those receiving dexamethasone or tropisetron alone[ 22 , 23 ]. 
However, single induction doses of propofol have no eff ect on POV[ 2 ]. 

 Th e combination of propofol and air/oxygen (total intravenous anesthesia) has additive 
eff ects, reducing PONV risk by approximately 25% in adults  [ 24 , 25 ].   Nitrous oxide has little 
impact when the baseline risk for PONV is low, but avoidance of nitrous oxide is associated 
with decreased POV in high-risk subjects    [ 5 , 26 ]. 

   Baseline risk for PONV can also be reduced by minimizing perioperative opioids by 
supplemental nonopioid analgesics or regional nerve blocks. Perioperative nonsteroidal 
anti-infl ammatory drugs (NSAIDs), cyclooxygenase-2 inhibitors, alpha-2 agonists, such as 
clonidine and dexmedetomidine, and ketamine may have a morphine-sparing eff ect with 
decreased opioid-related PONV[ 27 – 32 ]. A systematic review of 12 trials with 928 children 
showed less emesis in a group receiving NSAIDs (odds ratio, 0.49;  95% confi dence interval 
(CI), 0.29–0.83)  [ 28 ]. 

 Table 12.1        Clinical risk score for VPOP  a,    b       

Factor

 Point score 

0 1 2 c 

Age Below 3 years of age
3–6 years  or  
>13 years of age

Between 6 and 
13 years of age

Predisposition to POV  
(previous POV, motion sickness or 
family history of POV)

No predisposition Predisposition 
present

NA

Duration of anesthesia >45 min No Yes NA

High-risk surgery  
(tonsillectomy, tympanoplasty  
strabismus)

 Not  high PONV risk 
procedures

High PONV risk 
(tonsillectomy, 
tympanoplasty  
strabismus)

NA

Multiple doses of opioids No Yes NA

  NA, not applicable;  PONV, postoperative nausea and vomiting; POV, postoperative vomiting; VPOP, vomiting in 
the postoperative period. 
      a      Adapted with permission[ 12 ].  
     b      Low risk: total score of 0–1;  moderate risk: total score of 2–3;  high risk: total score of 4–6.  
     c       The factors of predisposition to POV, duration of anesthesia >45 mins, high-risk surgery and multiple doses of 

opioids are scored as 0 or 1 only. Age is scored as 0, 1 or 2 according to criteria listed above.    
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   Adequate hydration is another simple strategy to reduce emesis. High-dose intravenous 
fl uids at 30 mL/kg are associated with less emesis than the standard 10 mL/kg therapy in 
children  [ 33 , 34 ]. However, routine gastric decompression and limiting oral intake aft er sur-
gery are ineff ective in reducing pediatric POV[ 35 , 36 ]. Other strategies initially thought to 
be eff ective were later shown to have minimal or no eff ect, including supplemental oxygen 
and minimization of neostigmine  [ 2 ].  

  Prophylactic antiemetic therapy in children at increased 
risk for POV 
   In children, the POV rate can be twice as high as in adults, which suggests a greater need for 
POV prophylaxis in this population. Many drugs are eff ective for POV prophylaxis in chil-
dren including 5-HT 3  antagonists, steroids, antihistamines, anticholinergic drugs and dopa-
mine antagonists, such as butyrophenones, phenothiazines and benzamides ( Table 12.2 ).    

  Ondansetron and other 5-HT 3  antagonists 
   Th ere is good evidence from meta-analyses and large studies to suggest that 5-HT 3  antago-
nists and dexamethasone are the most eff ective antiemetics in the prophylaxis of pediatric 
POV[ 37 – 39 ]. Ondansetron was more eff ective than metoclopramide in 557 children under-
going adenotonsillectomy[ 37 ]. In a systematic review of children undergoing this procedure, 
the 5-HT 3  antagonists and dexamethasone were found to be the most eff ective prophylactic 
antiemetics, with insuffi  cient evidence for the effi  cacy of dimenhydrinate, droperidol or 
perphenazine in children[ 38 ]. Perphenazine was eff ective compared to placebo in children, 
but a 5-HT 3  antagonist (ondansetron or granisetron) was more eff ective[ 40 ]. In a Bayesian 
meta-analysis of six single-drug therapies and fi ve combinations of antiemetics in children, 
Engelman et al. noted that the most pessimistic expectations of single-drug prophylaxis with 
the 5-HT 3  receptor antagonists or dexamethasone would result in a 50–60% relative risk 
(RR) reduction, and that the expected RR reduction of the combination is 80%[ 39 ]. In this 
study, the risk reduction with droperidol was 40%. 

   Ondansetron is eff ective in children as young as 1  month[ 41 ] and the pharmacokin-
etics have been established in children between 1 and 48 months[ 42 ]. Clearance decreased 
by 31%, 53% and 76% for the typical 6-, 3- and 1-month-old, respectively, compared to 
published data in older children aged 3–12 years, and was attributed to immaturity of cyto-
chrome P450 enzymes. Ondansetron 0.1 mg/kg in children <6 months produced exposure 
similar to a 0.15 mg/kg dose in older children, suggesting a need for close monitoring when 
used in children <4 months old  [ 42 ]. 

 Th ere is greater experience with ondansetron, the fi rst available antiserotonin drug com-
pared to other 5-HT 3  antagonists, such as granisetron, dolasetron or tropisetron, but little 
evidence to suggest improved effi  cacy with any one of these drugs. Dolasetron is no longer 
available in the USA because of risks of cardiac arrhythmias. Tropisetron is not available in 
the USA but has been used in Europe.   Th ere are also no published pediatric data to make 
recommendations on the use of palonosetron in pediatric POV. A randomized controlled 
trial without a placebo arm showed no diff erences in the 48-h rates of POV in children re-
ceiving 0.5, 1.0 or 1.5 mg/kg palonosetron[ 43 ]. Th e low cost of generic ondansetron and 
similar effi  cacy makes it diffi  cult to show any advantage in using the other fi rst-generation 
antiserotonin drugs  . 
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 Data to base a recommendation on the timing of administration of these drugs in chil-
dren are sparse. No diff erences were found in POV in children who received tropisetron im-
mediately aft er induction or at the end of surgery during short tonsillectomy procedures  [ 44 ].  

  Dexamethasone 
   Corticosteroids have been shown to be very eff ective in the prevention of POV in chil-
dren, with administration at induction recommended rather than toward the end of an-
esthesia[ 39 ]. Th e mechanism of action of steroids in POV prophylaxis may be related to 
depletion of the serotonin precursor tryptophan, prevention of release of gut serotonin and 
5-HT 3  receptor sensitization to other antagonists[ 45 ]. Most studies have been with dexa-
methasone 0.5 mg/kg, but methylprednisolone 2.5 mg /kg is noninferior[ 46 ]. However, the 
dose–eff ect relationship of dexamethasone in POV prophylaxis is unclear. Kim et al. did not 
fi nd diff erences in POV rates or secondary outcomes in children receiving 0.0625, 0.125, 
0.25, 0.5 or 1 mg/kg (maximum dose 24 mg) during adenotonsillectomy procedures[ 47 ]. 
Another study of the same patient population showed a dose-dependent reduction in POV, 
with the best response in children receiving 0.5 mg/kg compared to 0.05 and 0.15 mg/kg 
doses[ 48 ]. An updated   Cochrane review of steroids for tonsillectomy patients stated that 
“the question of appropriate dosing remains unanswered and fi nal recommendations must 
await randomized dose-control trials    ”[ 49 ].  

  Older drugs 
   A number of older drugs are also eff ective in POV management. Th ese include antihista-
mines (dimenhydrinate), dopamine antagonists such as butyrophenones (e.g., droperidol 
and haloperidol), phenothiazines (promethazine, prochlorperazine and perphenazine), 
benzamides (metoclopramide) and cholinergic antagonists (scopolamine). Th ere are few 
dose-ranging data and limited evidence for the effi  cacy of these drugs. In addition, the 
5-HT 3  antagonists are more eff ective and associated with a lower side-eff ect profi le[ 38 , 39 ]. 
Concerns about the eff ect of droperidol on cardiac rhythms have led to a black box warning 
that may not be entirely justifi ed as similar eff ects on cardiac rhythm are seen with other 
antiemetics[ 50 ]. Side eff ects for metoclopramide and phenothiazines also include extrapyr-
amidal symptoms ( Table 12.3 ). With the availability of lower-priced generic ondansetron, 

 Table 12.2        Antiemetic doses for POV prophylaxis in children[ 2 ]    

Drug Dose Maximum

Dexamethasone 150 μg/kg 5 mg

Dimenhydrinate 0.5 mg/kg 25 mg

Droperidol  a  10–15 μg/kg 1.25 mg

5-HT 3  antagonists:  
Ondansetron  
Tropisetron  
Granisetron  
Dolasetron

50–100 μg/kg  
0.1 mg/kg  
40 μg/kg  
350 μg/kg

4 mg  
2 mg  
0.6 mg  
12.5 mg

       a       FDA black box warning calls for 12-lead electrocardiogram to rule out 
prolonged QT syndrome before administering droperidol and continuous 
electrocardiogram monitoring for at least 2–3 h after administering droperidol.    
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the use of the older drugs is now limited to second-line options as rescue therapy when other 
drugs have failed or when 5-HT 3  antagonists are contraindicated.     

  Nonpharmacologic therapy 
   Two meta-analyses show acupuncture and acustimulation are eff ective in reducing POV in 
children, with no diff erences between the two methods[ 52 , 53 ]. Pooled data from 12 studies 
show all modalities reduce vomiting (RR, 0.69;  95% CI, 0.59–0.8)  .   

  Combination therapy 
   Prophylaxis with drugs acting at diff erent receptor sites may be more eff ective even if this is 
an additive and not a synergistic eff ect[ 24 ]. Whilst low-risk patients may not require prophy-
lactic antiemetics, those with a moderate-to-high risk of POV and children with a poten-
tial for medical sequelae from emesis (e.g., wound dehiscence, wired jaws) should receive 
prophylactic combination therapy with two or three antiemetics from diff erent classes[ 2 ]. 
Th e prophylactic use of a combination of dexamethasone and ondansetron is strongly rec-
ommended in most pediatric patients at highest risk for POV unless there are contraindica-
tions ( Table 12.4 )[ 2 ]. Th is is similar to the recommendation by the Association of Paediatric 
Anaesthetists of Great Britain and Ireland[ 5 ].     

 Table 12.3        Older drugs to be used as a second-line option    a    

Drug
Dose  
(mg/kg)

Maximum 
single dose  
(mg) Side eff ects

Diphenhydramine 1.0 25 Sedation, dry mouth, blurred vision, urinary 
retention

Metoclopramide 0.25  b  10 Extrapyramidal reactions more common in 
children. Not recommended below 1 year of age

Phenothiazines:  
Perphenazine  
Prochlorperazine  c    
Promethazine  d  

0.07  
0.1–0.2  
0.25–0.5

2.0  
2.5  
25

Sedation, hypotension (particularly in 
hypovolemic patients), extrapyramidal syndromes 
can occur with phenothiazines  
Promethazine is contraindicated in children below 
2 years. It is also an IV irritant with a risk for severe 
tissue injury

Scopolamine  
(IM, IV, SC)  e  

0.006 0.3 Drowsiness, dry mouth, visual disturbances, 
dizziness

  IM, intramuscular;  IV, intravenous;  SC, subcutaneous.
       a       Dose: ranging and effi  cacy studies are sparse for these older drugs. These drugs may be used for rescue 

therapy after failure of 5-HT 3  antagonists and are usually not used for routine prophylaxis.  
     b       Although higher doses may be more eff ective, there is a higher incidence of side eff ects.  
     c       Prochlorperazine is not recommended for children under the age of 2 years or less than 10 kg body weight.  
     d       Promethazine has two black box warnings by the FDA: (1) not to be used below 2 years because of the 

potential risks of fatal respiratory depression, and (2) severe tissue injury and gangrene with perivascular 
extravasation or unintentional intra-arterial injection. The preferred route of administration is deep IM 
injection and SC injection is contraindicated[ 51 ].  

     e       Scopolamine patches should not be divided. The patch should not be used in children below 12 years of age  .    
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  Side eff ects of drugs 

  Cardiovascular complications with ondansetron and droperidol 
     Cardiovascular complications have been reported aft er ondansetron therapy in children. 
An 11-year-old child with an undiagnosed long QT syndrome developed ventricular 
tachycardia aft er receiving ondansetron and dimenhydrinate[ 54 ]. Fatal ventricular tachy-
cardia occurred in a child aft er receiving ondansetron in the emergency department, and 
severe bradycardia has been reported during incision and drainage of an abscess[ 55 , 56 ]. 
Th e eff ects of droperidol and ondansetron on myocardial repolarization have been studied 
when given alone or in combination to healthy children[ 50 ]. Th ere were clinically insig-
nifi cant changes with lengthening of the QT intervals by 10–17 ms and of the interval 
between the peak and end of the T-wave (Tp-e) intervals by 0–7 ms without any diff er-
ences between the groups. Th is may have clinical relevance in children with prolonged QT 
syndrome  .  

  Steroids 
     Tumor lysis syndrome has been reported in children with leukemia who received intraopera-
tive dexamethasone  [ 57 , 58 ]. One patient with an undiagnosed acute lymphoblastic leukemia 
developed hyperkalemia and a fatal cardiac arrest during a tonsillectomy procedure[ 57 ]. 

 A study of steroids in children undergoing tonsillectomies was terminated early be-
cause of increased bleeding in patients receiving dexamethasone[ 48 ]. Th ere has been con-
siderable discussion about this unexpected fi nding as it was a secondary outcome and was 
not adjusted for other risk factors[ 59 ]. Other studies, including a meta-analysis and retro-
spective reviews, have failed to show increased postoperative bleeding between patients 
receiving dexamethasone and controls, but one meta-analysis suggested increased risk of 
re-operation with dexamethasone[ 60 ]. Th e American Academy of Otolaryngology–Head 
and Neck Surgery continues to make a strong recommendation for the use of a single dose 
of dexamethasone in children undergoing tonsillectomy  [ 61 ].  

  Scopolamine 
   Th e incidence of complications with scopolamine patches may be higher in children than 
adults. It is diffi  cult to control the dose received when a patch is divided as the distribution of 
the drug in the patch may not be uniform. In addition, continued absorption from the skin 
site may occur even aft er the patch is removed. Th ese concerns have lead many anesthesiolo-
gists to avoid the use of scopolamine patches in younger children  .     

 Table 12.4      Antiemetic combination therapy in children    [ 2 ]  

Drug (1) Dose Drug (2) Dose

Ondansetron 0.05 mg/kg + Dexamethasone 0.015 mg/kg

Ondansetron 0.1 mg/kg + Droperidol 0.015 mg/kg

Tropisetron 0.1 mg/kg + Dexamethasone 0.5 mg/kg

9781107465190_pi-182.indd   125 2/26/2016   4:01:05 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:17:32 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.014

Cambridge Books Online © Cambridge University Press, 2016



Chapter 12: Postoperative nausea and vomiting in pediatric patients126

  Rescue therapy for those who have received no prophylaxis or 
when prophylaxis has failed 
   Some low-risk patients who have received no prophylaxis and higher-risk patients who 
received prophylactic therapy may still experience POV. When factors such as blood drain-
ing down the throat or bowel obstruction have been eliminated as causes for emesis, rescue 
therapy should be initiated, preferably with a 5-HT 3  antagonist if no prophylaxis was used. 
Rescue therapy should not be with a drug from the same class of antiemetics administered 
for prophylaxis[ 62 ]. If rescue therapy is needed more than 6 h aft er the previous dose, medi-
cation given for prophylaxis may be repeated (except dexamethasone or transdermal sco-
polamine)[ 2 ]. Although these recommendations are based on adult data, it is reasonable to 
extend this approach to children in the absence of contradictory evidence from pediatric 
studies  .  

  Research agenda 
   Despite the large volume of literature on this topic, considerable gaps in knowledge remain 
in the pediatric patient population. A research agenda should focus on providing evidence 
to support clinical practices. An important unanswered question is a recommendation for 
rescue therapy aft er failed prophylaxis with a combination of steroids and ondansetron[ 2 ]. 
Studies are also required to determine the role of neurokinin type 1-receptor antagonists for 
both prophylaxis and rescue therapy in children as pediatric POV data on this class of drugs 
are unavailable. 

   A major problem is the inability to assess the subjective symptoms of nausea in the 
younger child. Th e visual analog scale for nausea is a validated tool for adults, but may not 
be valid in children <9 years who may not be able to grade the severity of subjective symp-
toms with reliability. Because pictorial scales appear to have better reliability and validity in 
young children, the pictorial Baxter Animated Retching Faces (BARF) scale was developed 
using a series of cartoon faces with expressions of increasing nausea ( Figure 12.1 )[ 63 ]. Th e 
BARF scale demonstrated convergent and discriminant validity, with the ability to detect 
change aft er antiemetic treatment. Studies need to be done to show if treatment of nausea 
can be based on this scale    .     

0 2 4 6 8 10

 Figure 12.1      Baxter Animated Retching Faces (BARF) scale for nausea 
 Script for the BARF scale: “Have you thrown up or felt like you were going to throw up before? How did your 
tummy feel then? We call that feeling of being sick to the stomach “nausea”. These faces show children who feel no 
nausea at all, who feel a little bit nauseated, who feel even more nauseated, and these are children who have the 
most nausea it is possible to feel”. (Point to each face at the appropriate time.) “Which face is more like you feel right 
now?” Reproduced with permission[ 63 ].  
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  Summary 
 POV occurs more frequently in children than adults. Th is chapter has discussed the risk fac-
tors and recommended the use of a combination of a 5-HT 3  antagonist and a steroid (usually 
ondansetron and dexamethasone) for prophylaxis in most high-risk patients, unless there 
is a contraindication. Older drugs should be reserved for rescue therapy when steroids and 
ondansetron have failed. A research agenda is proposed.  
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 Management of postoperative 
nausea and vomiting in inpatients 
and ambulatory patients        
    Brian   Donnenfeld     and     Beverly K.   Philip     

13 
    Chapter 

   Postoperative nausea and vomiting background 
 Postoperative nausea and vomiting (PONV) is one of the most troublesome postoperative 
complications, with an incidence of between 20% and 30%[ 1 ], and up to 80% in high-risk 
individuals[ 2 ].   PONV results in signifi cant patient discomfort, and can lead to prolonged 
recovery room stay, unplanned admission and the need for pharmacologic treatment, all of 
which increase overall healthcare costs[ 3 ]. PONV is one of the leading causes of unantici-
pated hospital admission aft er ambulatory surgery[ 4 ], and can lead to suture dehiscence, 
aspiration, increases in intraocular and intracranial pressure, esophageal rupture, pneumo-
thorax and hematoma formation  [ 5 , 6 ]. A solid understanding of the etiology, biochemical 
pathways, risk factors and the available treatment modalities is essential in order to provide 
excellent anesthesia care to both the ambulatory and inpatient surgical population. 

 PONV is a multifactorial process, involving several well-described pathways and recep-
tor types, including, but not limited to: serotonergic, dopaminergic, muscarinic, cholinergic, 
histaminergic, neurokinin (NK) and opioid. A multimodal approach to the problem, utiliz-
ing a validated risk assessment model, combined with risk-reducing anesthetic techniques 
and prophylaxis/treatment with medications of diff erent pharmacologic classes, provides 
the clinician with the proper tools to manage the at-risk patient.  

  Risk reduction 
   Risk factors for PONV have been well described, and can be categorized into anesthetic 
risk factors, patient-specifi c risk factors and surgical risk factors. Modifi able anesthetic risk 
factors include   exposure to volatile anesthetics and nitrous oxide, as well as postoperative 
opioid use[ 7 ]. A volatile-free technique, utilizing propofol for anesthetic maintenance, has 
been demonstrated to reduce baseline risk by 19%[ 8 ]. Omitting nitrous oxide in favor of 
nitrogen as a carrier gas yields a risk reduction of 12%  [ 8 ].   Th e risk-reducing eff ects of total 
intravenous anesthesia (TIVA) has a similar risk reduction as the commonly used agents, 
ondansetron, dexamethasone and droperidol[ 8 ] ( Table 13.1 ).     Avoidance of general anesthe-
sia with the use of peripheral nerve blocks also signifi cantly decreases the risk of PONV[ 9 ]. 
When compared with monitored anesthesia care and regional anesthesia, general anesthesia 
is associated with an 11-fold increase in the risk of PONV  [ 10 ].    

   Th e eff ects of neostigmine on PONV are controversial. One meta-analysis demon-
strated an increased risk of PONV with neostigmine doses ≥2.5 mg[ 11 ]. A  more recent 
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meta-analysis demonstrated insuffi  cient evidence to recommend either a dose reduction or 
omission of neostigmine as an eff ective strategy to reduce baseline risk of PONV  [ 12 ]. 

   Opioids have become the cornerstone of pain management, yet they are associated with 
numerous side eff ects, including sedation, respiratory depression, pruritus, constipation, 
urinary retention and PONV[ 13 ]. Th e incidence of PONV is increased in a dose-dependent 
manner by the total amount of opioid administered[ 14 ]. A zero-eff ect dose has not been 
identifi ed. Avoidance or minimization of opioid use via a multimodal analgesic approach 
utilizing nonsteroidal anti-infl ammatory drugs (NSAIDs) [ 15 ], cyclooxygenase-2 inhibi-
tors[ 16 ] and beta-blockers [ 17 , 18 ] have been shown to reduce PONV risk, as well as alpha-2 
agonists[ 19 ], gabapentinoids[ 20 , 21 ] and ketamine[ 22 ] to a lesser extent.   Th e opioid-sparing 
eff ects of NSAIDs is associated with a 30% reduction in PONV[ 15 ] compared with a 
side-eff ect profi le that includes gastrointestinal (GI) mucosal injury, renal toxicity and 
bleeding      .  

  Pharmacologic therapies 

  PONV prophylaxis 
   In order to maximize benefi t and minimize both cost and the risk of adverse eff ects, it is 
necessary to identify medium-to-high risk patients using a risk stratifi cation tool be-
fore instituting a prophylactic regimen.   Apfel et al. have created a simple, validated scor-
ing system for PONV risk assessment in adult inpatients, using four independent risk 

 Table 13.1      Risk of PONV according to patients’ randomly assigned interventions  a    

Intervention

 Received intervention 

Percent RR 
(95% Cl)

 P  
value  b  

Yes No

 Number with PONV/total number (%)  c   

Ondansetron 
(versus no ondansetron)

735/2,576 (28.5) 996/2,585 (38.5) −26.0 (−31.5 to −19.9) <0.001

Dexamethasone (versus 
no dexamethasone)

739/2,596 (28.5) 992/2,565 (38.7) −26.4 (−31.9 to −20.4) <0.001

Droperidol (versus no 
droperidol)

742/2,573 (28.8) 989/2,588 (38.2) −24.5 (-30.2 to −18.4) <0.001

Propofol (versus 
inhalational anesthetic)

1,066/3,427 (31.1) 665/1,734 (38.4) −18.9 (−25.0 to −12.3) <0.001

Nitrogen as carrier gas 
(versus nitrous oxide)

668/2,146(31.1) 755/2,131 (35.4) −12.1 (−19.3 to −4.3) 0.003

Remifentanil (versus 
fentanyl)

827/2,386 (34.7) 792/2,403 (33.0) 5.2 (−2.9 to 13.8) 0.21

  CI, confi dence interval;  PONV, postoperative nausea and vomiting;  RR, relative risk. 
      a       Reproduced with permission[ 8 ].  
     b        P  values were calculated using the chi-square test.  
     c       The numbers shown are the numbers of patients who had postoperative nausea, vomiting or both divided 

by the total numbers of patients randomly assigned to the specifi ed intervention for whom complete 
outcome data could be analyzed. The data are based on all 5,161 randomly assigned patients who completed 
the study, with the exceptions of the data for carrier gas (4,277 patients) and for remifentanil versus fentanyl 
(4,789 patients).    
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factors: female gender, history of PONV or motion sickness, nonsmoker and postoperative 
opioid use[ 1 ]. In their scoring system, each risk factor is associated with a 20% increase 
in the risk of developing PONV, with a baseline risk of 10%. Application of this scoring 
system in decision-making regarding instituting PONV prophylaxis has been shown to be 
eff ective in reducing institutional rates of PONV  [ 8 , 23 ].   Cost of prophylaxis should also be 
considered recognizing that newer classes of antiemetic agents, such as the neurokinin type 
1 (NK 1 )-receptor antagonists, are more expensive than older agents like dexamethasone and 
droperidol. PONV prophylaxis for the low-risk patient should be carefully balanced against 
both cost and side-eff ect profi le  . Other factors to consider are surgical/medical implications 
of vomiting, including increases in intracranial pressure, and increases in intra-abdominal 
pressure aft er hernia repair and esophageal surgery  [ 2 ].  

  5-HT 3  receptor antagonists 
   Th e 5-HT 3  receptor antagonists (ondansetron, dolasetron, granisetron, tropisetron, palono-
setron and ramosetron) are highly eff ective for PONV prophylaxis and treatment. Because 
of their safety profi le and effi  cacy, they have become the mainstay of PONV management.   As 
a class, the 5-HT 3  receptor antagonists have more antivomiting than antinausea eff ects  [ 2 ]. 
Th e 5-HT 3  RAs are most eff ective when administered at the end of surgery (ondansetron has 
a half-life of 4 h), with the exception of the second-generation 5-HT 3  antagonist palonose-
tron, which has a half-life of 40 h and is typically given aft er induction[ 2 , 24 ]. 

 Ondansetron, the most commonly used antiemetic from this class, reduces PONV 
risk by approximately 25%[ 7 ]. Optimal dosing is 4 mg intravenous (IV), with a number 
needed-to-treat (NNT) of approximately 6 for the prevention of postoperative vomiting 
(POV), and an NNT of approximately 7 for the prevention of postoperative nausea[ 2 , 25 ]. 
While ondansetron has effi  cacy for both the prevention and treatment of PONV, there is no 
benefi t to repeat dosing in patients whom ondansetron prophylaxis has failed[ 26 ], support-
ing the concept of using a diff erent pharmacologic class of antiemetics for rescue treatment. 
As a group, the 5-HT 3  antagonists are very well tolerated. Side eff ects include QTc prolonga-
tion, headaches, constipation and transient elevations in liver enzymes  .  

  Corticosteroids 
   Dexamethasone is highly eff ective in preventing PONV up to 24 h postoperatively, with 
an NNT of 4[ 27 ], and has similar effi  cacy to both ondansetron and droperidol[ 8 ]. Th e rec-
ommended dose for PONV prophylaxis is 4–5 mg, and optimal timing of administration 
is preinduction or immediately postinduction[ 2 , 28 ];  however, the high incidence of peri-
neal pain on injection limits its use at preinduction[ 29 ]. Peak eff ect is reached between 45 
min and 1 h.  Higher doses, 0.1 mg/kg, have been demonstrated to reduce postoperative 
pain and opioid consumption[ 29 ], as well as to reduce time to discharge readiness and to 
improve postdischarge recovery at 24 h in ambulatory gynecologic surgery and laparoscopic 
cholecystectomy[ 30 , 31 ]. 

   Dexamethasone is thought to exert its antiemetic eff ects via several mechanisms: pros-
taglandin antagonism, decreased serotonin release in the GI tract and depletion of tryp-
tophan, a serotonin precursor, in neural tissue  [ 27 ]. As a class,   corticosteroids have a 
host of adverse eff ects including cortisol suppression, GI bleeding and perforation, avas-
cular necrosis of the femoral head, hyperglycemia, immune suppression and impaired 
wound healing[ 32 ]. Th ere is a paucity of data to support any adverse eff ects of single-dose 
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dexamethasone, except for mild hyperglycemia following administration[ 29 , 33 ]. Even at 
high doses administered during cardiac surgery, 1 mg/kg dexamethasone has not been 
shown to impair wound healing[ 34 ]. Th e   hyperglycemic eff ects of dexamethasone 8 mg 
given during major noncardiac surgery was shown to be limited, and less in diabetics than 
nondiabetics      [ 35 ].  

  Anticholinergics 
   Scopolamine is a belladonna alkaloid, which possesses centrally acting anticholinergic 
eff ects, producing sedation and antiemetic eff ects[ 36 ]. Transdermal scopolamine (TDS) is 
a patch that delivers 1.5 mg of scopolamine over 72 h and possesses the same antiemetic 
effi  cacy as ondansetron and droperidol[ 37 ], with an NNT of 6[ 38 ]. Unlike the butyroph-
enones (droperidol and haloperidol) and the 5-HT 3  antagonists, TDS does not increase the 
QTc interval. Optimal timing of administration is either the night before surgery or pre-
operatively, with no diff erence in its effi  cacy for PONV prophylaxis[ 39 ]. Onset of eff ect is 
between 2 and 4 h[ 39 ].   Because of its long duration of action, up to 72 h, TDS might confer 
an advantage for the prevention of postdischarge nausea and vomiting (PDNV). However, 
the results of a large meta-analysis of TDS demonstrated no statistically signifi cant benefi t 
during the late postoperative period (24–48 h aft er surgery), which might be related to the 
limited number of studies looking at PDNV specifi cally[ 39 ], and to the low overall incidence 
of nausea and vomiting later aft er surgery  . 

   Side eff ects of TDS include sedation, agitation, confusion, urinary retention, visual dis-
turbances and dry mouth, the latter two being the most common adverse reactions, with 
numbers needed-to-harm of 5.6 and 12.5, respectively[ 38 ]. However, a recent meta-analysis 
of TDS demonstrated no diff erence in the anticholinergic side eff ects in the postoperative 
period, compared to placebo, other than visual disturbances between 24 and 48 h[ 39 ]. As 
  elderly patients might be more susceptible to the anticholinergic eff ects such as confusion 
and agitation, caution should be exercised when considering TDS in the elderly patient      [ 39 ].  

  Butyrophenones 

  Droperidol 
      Droperidol is a butyrophenone, fi rst approved by the US Food and Drug Administration 
(FDA) in 1970 for use as an antiemetic[ 40 ]. Droperidol has similar effi  cacy for PONV 
prophylaxis as ondansetron and dexamethasone[ 8 ]. Th e dosing range for PONV prophy-
laxis is 0.625 mg to 1.25 mg IV, with an NNT of 5 for the prevention of PONV[ 41 ]. Unlike 
the 5-HT 3  antagonists, droperidol has more pronounced antinausea eff ects than antivomit-
ing eff ects[ 25 , 41 , 42 ]. Optimal timing of administration is at the end of surgery. 

   Side eff ects of droperidol include extrapyramidal symptoms, sedation, dizziness, and 
QTc prolongation. In 2001, the FDA mandated that a black box warning be placed on the 
package insert of droperidol, warning of the risk of serious ventricular arrhythmias includ-
ing torsades de pointes and sudden death, and requiring electrocardiogram monitoring aft er 
its administration. Th e majority of the deaths involving droperidol were at doses ranging 
from 25 to 250 mg[ 40 ], well above doses used for PONV prophylaxis and treatment. Several 
large studies comparing the safety and effi  cacy of droperidol and ondansetron have shown 
them to be equally effi  cacious for PONV prophylaxis, with similar safety profi les[ 8 , 41 , 42 ]. 

9781107465190_pi-182.indd   134 2/26/2016   4:01:05 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:18:07 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.015

Cambridge Books Online © Cambridge University Press, 2016



Chapter 13: Management of postoperative nausea and vomiting in inpatients 135

When compared to the 5-HT 3  antagonist ondansetron, droperidol was associated with simi-
lar clinically relevant QTc prolongations    [ 43 ].  

  Haloperidol 
   Haloperidol is a butyrophenone with a high affi  nity for the dopamine D 2  receptor[ 44 ]. 
Haloperidol is highly eff ective at preventing PONV at doses between 0.5 and 2 mg IV or IM, 
well below the doses used for its antipsychotic properties[ 44 ]. Haloperidol has similar anti-
emetic effi  cacy to droperidol, and ondansetron, with an NNT of 4–6[ 44 , 45 ]. Th e timing of 
administration does not infl uence its antiemetic effi  cacy[ 46 ]. It can be given either postinduc-
tion or 30 min before the end of surgery, possibly related to its longer elimination half-life of 
12–35 h[ 46 ]. As is the case with droperidol, its antinausea eff ects are more pronounced than its 
antivomiting eff ects[ 44 ]. Haloperidol is also eff ective for the treatment of established PONV;  a 
2-mg intramuscular (IM) dose was eff ective for the treatment of nausea[ 44 ]. 

   Th e side-eff ect profi le of haloperidol is similar to droperidol, with adverse eff ects that 
include extrapyramidal symptoms, sedation and a dose-dependent increase in the QTc 
interval. Extrapyramidal symptoms are rare at antiemetic doses. A  meta-analysis of 806 
patients receiving haloperidol for the prevention of PONV, at doses between 0.25 and 5 mg 
IV, revealed a single case of mild extrapyramidal symptoms[ 44 ]. Unlike droperidol, halo-
peridol does not possess an FDA black box warning on its package insert, making it a suit-
able replacement for droperidol, in terms of cost, effi  cacy and safety profi le. Clinically, its 
eff ects on the QTc are identical to droperidol. Of the almost 1,400 patients receiving halo-
peridol in one meta-analysis, there were no reported cases of arrhythmias, torsades or sud-
den cardiac death    [ 44 ].   

  Phenothiazine derivatives 

  Promethazine 
     Promethazine, an aliphatic phenothiazine derivative, has pharmacologic activity at several 
receptors involved in PONV, including dopamine, histamine and muscarinic acetylcho-
line[ 47 ]. Optimal dosing for PONV is 6.25–25 mg IV, IM or orally (PO) given at induc-
tion[ 48 ], or as a rescue agent if PONV prophylaxis fails. Promethazine can cause sedation, 
lethargy, dry mouth, urinary retention and extrapyramidal eff ects. When compared with 
ondansetron, placebo and combination therapy for PONV prophylaxis in middle ear sur-
gery, promethazine was shown to reduce the incidence of nausea, but not vomiting during 
the fi rst 24 h postoperatively, at a dose of 25 mg IV[ 47 ]. A dose of 12.5 mg IV was used for 
combination therapy with ondansetron and was shown to be eff ective for preventing both 
nausea and vomiting during the fi rst 24 h[ 47 ]. A dose of 6.25 mg IV appears to be suffi  -
cient for PONV effi  cacy, with no increase in sedation compared with ondansetron 4 mg[ 49 ]. 
  Promethazine appears to also have opioid-sparing eff ects, which might contribute to its anti-
emetic eff ects[ 50 ]. A small study involving abdominal hysterectomy patients demonstrated 
a 30% reduction in opioid consumption and reduction in PONV immediately postopera-
tively, and decreased need for rescue antiemetics on the fi rst postoperative day  [ 50 ]. Th e tim-
ing of administration, either pre- or postoperatively, did not signifi cantly alter its effi  cacy. 
  Currently, there is an FDA black box warning on the package insert advising against arterial 
administration or subcutaneous administration because of the risk of severe tissue injury 
and/or gangrene     .  
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  Prochlorperazine 
   Prochlorperazine, a heterocyclic phenothiazine derivative, shares a similar mechanism of 
action with promethazine, exerting its antiemetic eff ects via antidopaminergic, antihista-
minergic and anticholinergic activity, with a similar side-eff ect profi le. Dosing is 5–10 mg 
IV, IM or PO[ 48 ]. Promethazine and prochlorperazine are equally eff ective for PONV pre-
vention, with promethazine causing more postoperative sedation and being associated with 
a higher risk of extrapyramidal side eff ects[ 51 ]. A small trial comparing 10 mg IM prochlor-
perazine to 4 mg IV ondansetron for the prevention of PONV for knee/hip arthroplasty 
demonstrated superior control of PONV in the prochlorperazine group      [ 52 ].  

  NK 1 -receptor antagonists 
   Substance P is a regulatory peptide that is released from enterochromaffi  n cells and binds 
to NK 1  receptors located in the GI tract and in the nucleus tractus solitarius and area pos-
trema[ 53 , 54 ]. NK 1  receptor antagonists (aprepitant, casopitant and rolapitant) were fi rst 
used to prevent chemotherapy-induced nausea and vomiting (CINV). Aprepitant has been 
shown to be at least equal to ondansetron for the prevention of nausea and the need for 
rescue antiemetics;  however, aprepitant was shown to be superior to ondansetron for the 
prevention of vomiting in the fi rst 24–48 h[ 53 , 55 ]. Patients taking ondansetron were twice 
as likely to experience vomiting during the fi rst 24 h when compared with those taking 
aprepitant[ 55 ]. Adverse eff ects, including headache and QTc prolongation, did not diff er 
between the groups[ 53 ]. Th e most common side eff ects of aprepitant are pyrexia, constipa-
tion, headache and bradycardia[ 55 ]. Aprepitant has a half-life of approximately 9–12 h[ 53 ]. 
Advantages of NK 1 -receptor antagonists for the prevention of PONV compared with other 
classes of antiemetics include absence of sedation or QTc prolongation, superiority for the 
prevention of POV compared to all other antiemetics, and a long half-life, which might make 
them an ideal candidate to prevent PDNV[ 54 ]. Limitations include cost and inhibition of 
CYP3A4, which metabolizes common anesthetic drugs including fentanyl and midazolam, 
as well as coumadin  [ 53 , 54 ].  

  Metoclopramide 
   Metoclopramide is a dopamine D 2  antagonist that possesses both central and peripheral 
serotonergic antagonism. Centrally, it is a 5-HT 3  antagonist, contributing to its antiemetic 
effi  cacy. Peripherally, metoclopramide is a 5-HT 4  antagonist, with prokinetic eff ects[ 56 ]. It 
has been widely used for the prevention of PONV. Historical dosing of metoclopramide 
for PONV has been 10 mg IV, compared to 2 mg/kg for prevention of CINV[ 57 ]. A large 
meta-analysis of over 3,000 patients receiving metoclopramide for PONV demonstrated a 
lack of eff ectiveness for preventing PONV at a 10 mg dose compared with placebo[ 56 ]. Ideal 
dosing for prevention of PONV appears to be at least 20 mg; however, literature supporting 
a dose–response relationship is lacking. In one study of ondansetron versus metoclopra-
mide 0.4 mg/kg, metoclopramide was shown to be equally effi  cacious for the prevention of 
PONV[ 58 ]. Adverse eff ects include extrapyramidal side eff ects, sedation, drowsiness, dizzi-
ness, vertigo and headache;  these eff ects are rare at the low doses used for PONV prophylaxis  .  

  Ephedrine 
   Ephedrine, a sympathomimetic, has long been used for the prevention and treatment of 
PONV, particularly in patients with orthostatic hypotension. It has been postulated that a 
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sympathomimetic agent would counteract postoperative vagal tone and its associated cho-
linergic activity at the vomiting center in the nucleus tractus solitarius[ 59 ]. Two studies of 
intramuscular ephedrine at a dose of 0.5 mg/kg, given at the end of surgery, showed ephe-
drine to have equal effi  cacy for the prevention of PONV as droperidol, with superiority 
over placebo[ 59 , 60 ]. When compared with droperidol and placebo, patients who received 
ephedrine had lower sedation scores, with a trend towards shorter time to discharge[ 59 ]. No 
signifi cant diff erences in mean arterial pressure between the three groups were noted. When 
compared with placebo, the antiemetic eff ects of IM ephedrine were short-lived, extend-
ing to the fi rst 3 h postoperatively, with no benefi t over placebo between 3 and 24 h, and a 
trend towards less sedation was noticed, without any signifi cant hemodynamic diff erences 
between the two groups[ 60 ]. Low cost, effi  cacy and decreased postoperative sedation make 
it an attractive agent, particulary in the ambulatory surgical patient. Potential for increased 
wakefulness and shorter recovery time might be an added benefi t  .   

  Antihistamines 

  Dimenhydrinate 
   Dimenhydrinate, an antihistamine derived from diphenhydramine, is an older antiemetic, 
used commonly for motion sickness. It is inexpensive and has a safety record that spans al-
most 70 years. Th e main side eff ect is drowsiness. In a meta-analysis of almost 1,400 patients 
receiving dimenhydrinate for prevention of PONV, dimenhydrinate was shown to be ef-
fective for preventing PONV in high-risk patients (baseline risk of 60%) with an NNT of 
5, similar to the 5-HT 3  antagonists dexamethasone and droperidol[ 61 ]. Th e recommended 
dose is 1 mg/kg[ 62 ]. Whilst clearly not a fi rst-line agent for the prevention of treatment of 
PONV, dimenhydrinate is inexpensive, has a long safety record with few side eff ects and has 
effi  cacy in high-risk patients  .  

  Propofol 
   Propofol is one of the most commonly used sedative hypnotics for the induction of gen-
eral anesthesia and maintenance of sedation. Th e antiemetic eff ects of propofol are widely 
accepted. Apfel et  al. demonstrated an almost 25% risk reduction when using propofol 
as part of TIVA for the maintenance of general anesthesia, compared with maintenance 
of general anesthesia with one of the volatile agents[ 8 ]. Propofol has also been shown to 
have antiemetic properties in subhypnotic doses, requiring a plasma concentration of 
approximately 340 ng/mL[ 63 , 64 ]. When compared with placebo, 10 mg of IV propofol 
was eff ective in treating established PONV, with an absolute risk reduction of 46% and a 
30-min relapse rate of 28% with no accompanying increase in sedation scores[ 64 ]. Effi  cacy 
of propofol compared with intralipid emulsion has been shown, demonstrating a unique 
antiemetic eff ect of propofol rather than its lipid emulsion[ 65 ]. When used as an induction 
agent only or administered at the end of surgery, propofol appears to lack antiemetic effi  -
cacy aft er the fi rst hour postoperatively, likely related to lower postoperative plasma con-
centrations[ 66 ]. Subhypnotic doses of propofol appear to have similar effi  cacy compared 
to ondansetron[ 67 ]. 

   Th e mechanism of action for the antiemetic eff ect of propofol is unclear. Possible mecha-
nisms of action include a direct depressant eff ect on the chemoreceptor trigger zone and vagal 
nuclei[ 66 ] or by causing a decrease in serotonin concentrations in the area postrema    [ 68 ].  

9781107465190_pi-182.indd   137 2/26/2016   4:01:05 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:18:07 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.015

Cambridge Books Online © Cambridge University Press, 2016



Chapter 13: Management of postoperative nausea and vomiting in inpatients138

  Benzodiazepines 
   Midazolam is the most commonly used preoperative medication in the ambulatory setting, 
likely due to its rapid onset, short half-life, good safety profi le and its effi  cacy in preoperative 
anxiolysis[ 69 ]. In addition to providing anxiolysis with dose-related anterograde amnesia, 
midazolam is eff ective at reducing PONV and improving patient satisfaction. When com-
pared with placebo, 0.04 mg/kg of IV midazolam signifi cantly reduced PONV from 50% to 
25% with an NNT of 4, reduced POV from 21% to 8% and was associated with an increase 
in patient satisfaction, without an increase in postanesthesia care unit length of stay[ 70 ]. 

 Th e antiemetic eff ects of midazolam appear to extend past its use preoperatively. When 
compared with 4 mg of IV ondansetron, 2 mg of IV midazolam given 30 min before the 
end of surgery had similar effi  cacy for the prevention of PONV as ondansetron, without 
an increase in time to awakening or time to reach an Aldrete score of 10[ 71 ].   Midazolam 
also has effi  cacy when used postoperatively for the treatment of established PONV. When 
compared with ondansetron 4 mg IV and propofol 15 mg IV, midazolam eff ectively treated 
established PONV;  a 2-mg dose had greater effi  cacy for PONV treatment than a 1-mg dose, 
with slightly higher sedation scores  [ 67 ]. 

 Th e exact mechanism by which benzodiazepines exert their antiemetic eff ects is unclear. 
Th ey are eff ective for anticipatory nausea, likely inhibiting cortical aff erent signals to the 
vomiting center;  however, this would not account for their action in the treatment of estab-
lished PONV. Possible mechanisms include glycine-mimetic inhibitory eff ects, enhanced 
adenosinergic eff ects and inhibition of dopamine release  [ 67 ].    

  Nonpharmacologic therapies 

  Pericardium P6 point acupucture/acupressure 
   Th e P6 point, also known as the pericardium point, is located between the tendons of the 
palmaris longus and fl exor carpi radialis muscles, 4 cm proximal to the wrist crease[ 72 ]. 
A recent Cochrane meta-analysis of 40 trials involving 4,858 participants demonstrated that 
when compared with sham treatment, P6 acupoint stimulation signifi cantly reduced nausea, 
vomiting and the need for rescue antiemetics[ 72 ]. Both the mechanism of action and the 
optimal timing of acupressure are unclear, although one study suggests maximal effi  cacy 
when used postoperatively[ 73 ]. Many devices exist to stimulate the P6 point, including acu-
puncture needles, disposable acupressure devices and transcutaneous nerve stimulators. 
One study demonstrated a 25% reduction in PONV over 24 h when monitoring neuro-
muscular blockade at the P6 acupuncture point (median nerve), compared with monitoring 
over the ulnar nerve[ 74 ]. Th e eff ects were primarily in reduction of nausea, rather than 
vomiting, which matched the risk reduction of the commonly used medications for PONV 
prophylaxis  .  

  IV hydration 
   Intravascular volume depletion in the fasting patient has been thought to play a role in 
PONV. As crystalloid solutions are well tolerated, inexpensive and relatively void of side 
eff ects, they might be an ideal agent for the prevention of PONV. Several studies have dem-
onstrated that preoperative fl uid replacement with a crystalloid solution is an eff ective 
strategy for reducing the risk of PONV when given from doses of 2 mL/kg for every hour 
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of fasting up to 20 mL/kg[ 75 , 76 ]. Benefi ts were seen in other patient outcomes, including 
thirst, drowsiness, dizziness, speed of recovery aft er surgery[ 75 ], as well as decreased post-
operative pain scores[ 76 ]. Further, the benefi ts of a preoperative large-volume crystalloid 
resuscitation extended up to 72 h postoperatively[ 76 ]. 

 Another study, using an esophageal Doppler probe for goal-directed therapy aimed at 
maintaining stroke volume during major surgery, found a quicker return of bowel function, 
shorter length of stay and decreased risk of PONV[ 77 ], possibly indicating hypovolemia, 
bowel hypoperfusion and bowel dysfunction as a cause of PONV  .   

  Postdischarge nausea and vomiting 

  Defi nition and risk assessment 
   Postdischarge nausea and vomiting (PDNV), roughly defi ned as nausea and/or vomiting up 
to 48 h postdischarge, occurs in 35–50% of patients[ 78 ]. Lack of access to highly eff ective 
treatment options, including those requiring IV access, make this a signifi cant problem for 
the ambulatory surgical patient  [ 79 ]. A simplifi ed scoring system to predict PONV risk, the 
“Apfel score,” has been validated for PONV risk assessment in the inpatient setting[ 1 ].   Apfel 
et al. have developed and validated a second scoring system to assess the risk of PDNV, in-
cluding fi ve independent risk factors: age <50 years, female gender, prior history of PONV, 
immediate postoperative nausea and postoperative opioid administration[ 79 ]. Presence of 
zero, one, two, three, four and fi ve risk factors were associated with a PDNV incidence of 
7%, 20%, 28%, 53%, 60% and 89%, respectively ( Figure 13.1 )[ 79 ]  . Since many of our highly 
eff ective antiemetic agents have relatively short half-lives, diff erent strategies must be used 
to prevent PDNV, utilizing a combination of oral and IV medications with longer half-lives.     

Postanesthesia Care Unit(a) (b) Postdischarge

all patients
n = 2170

nausea
19.9%

severe 
nausea
3.6%

vomiting
3.9%

SV

nausea
36.6%

severe
nausea
13.3%

vomiting
11.9%

severe
vomiting

5.0%

all patients
n = 2170

 Figure 13.1      Percentage of patients who experienced nausea and/or vomiting (a) in the postanesthesia care unit 
and (b) postdischarge. The incidence of severe vomiting in the postanesthesia care unit was 0.2%. Reproduced 
with permission.  
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  Strategies for reducing the risk of PDNV 
   Successful strategies for reducing the risk of PDNV take into account both the pharmaco-
kinetics of the antiemetic agent as well as the principle of multimodal prophylaxis, utilizing 
agents of diff erent pharmacologic classes.   Ondansetron, the most commonly used 5-HT 3  
antagonist, has little effi  cacy in preventing PDNV because of its short half-life of approxi-
mately 3 h[ 79 ].   Palonosetron, a second-generation 5-HT 3  antagonist with a half-life of 40 h, 
has been shown to reduce the risk of PONV for up to 72 h compared with placebo[ 80 ], with 
no eff ect on the QTc interval    [ 81 ].   Th e use of propofol as part of TIVA compared with vola-
tile anesthetics, reduces immediate postoperative nausea/vomiting;  however, that benefi t is 
likely lost in the late postoperative period, due to the short half-life of propofol  [ 82 ]. When 
compared with the 5-HT 3  antagonists,   dexamethasone appears to signifi cantly reduce 
PDNV[ 79 ]. Dexamethasone has a biological half-life of 36–72 h[ 27 ], giving it a potential 
advantage for the prevention of PDNV  . 

   Th e NK 1  receptor antagonist, aprepitant, has a relatively long half-life of between 9 and 12 
h compared to ondansetron. When compared with ondansetron, aprepitant has been shown 
to be superior for the prevention of vomiting and reducing nausea severity over the fi rst 48 
h, likely related to a combination of superior antivomiting effi  cacy, as well as its signifi cantly 
longer half-life[ 53 , 55 ]. Th e combination of greater antivomiting effi  cacy and longer half-life 
make aprepitant an ideal prophylactic agent for use in preventing PDNV.   Rolapitant, an NK 1  
receptor antagonist with an extremely long half-life of 180 h and a lack of enzyme inhibition, 
has been shown to be equally effi  cacious as ondansetron for the prevention of PONV during 
the fi rst 24 h, with a decreased risk of emesis at 72 and 120 h postoperatively    [ 83 ]. 

   Although the benefi ts of TDS for the prevention of PDNV, between 24 and 48 h post-
operatively, have not been demonstrated in a large meta-analysis[ 39 ], its long duration of 
action, up to 72 h, would appear to make it an ideal agent for the prevention of PDNV. 
More studies are needed to better evaluate the effi  cacy of TDS for the prevention of PDNV. 
However, adverse eff ects of TDS, specifi cally visual disturbances, might limit its use during 
this time period    [ 39 ].   

  Strategies for managing established PONV 
   Th e successful management of established PONV must take into account both the pharma-
cokinetics and the pharmacodynamics of our antiemetic agents. Several of our highly ef-
fective agents for PONV prevention have poor utility for the treatment of established 
PONV.   Dexamethasone exerts in pharmacologic activity for the prevention of PONV via its 
anti-infl ammatory eff ects and prostaglandin inhibition, making it a poor choice for PONV 
treatment  .   Transdermal scopolamine is an equally poor choice because of its relatively long 
onset time, 2–4 h  . When PONV prophylaxis fails, consideration should be given to using 
medications from other pharmacologic classes for treatment[ 2 , 84 , 85 ].   Th e 5-HT 3  antago-
nists have been well studied for the treatment of established PONV and are very eff ective 
for the treatment of POV, less so for the treatment of postoperative nausea[ 86 ]. Th ere does 
not appear to be dose responsiveness of ondansetron for the treatment of established PONV, 
a dose of 1 mg IV should be considered to minimize the risk of adverse eff ects, specifi cally 
headache[ 86 ]. If prophylaxis with a 5-HT 3  antagonist fails, there is little evidence to sup-
port re-administering a second dose  [ 85 ]. In patients who have failed prophylaxis with either 
ondansetron or droperidol,   promethazine (6.25–25 mg IV) and dimenhydrinate (25–50 mg 
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IV) have been shown to be signifi cantly more eff ective for treatment than either of the two 
prophylactic agents  [ 84 ]. 

 Although its use for the treatment of established PONV has not been rigorously studied, 
IM   ephedrine might be an ideal medication for a specifi c subset of patients undergoing am-
bulatory surgery. Its unique mechanism of action compared to fi rst-line prophylactic agents, 
effi  cacy for the prevention of PONV and its tendency towards less sedation and shorter re-
covery times might make it a useful adjunct for PONV treatment    [ 60 ].   
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146

  Postoperative nausea and vomiting (PONV) and postdischarge nausea and vomit-
ing (PDNV) are distressing to patients and staff , delay recovery aft er surgery and are 
costly[ 1 – 15 ]. Th ere is abundant knowledge regarding the prevention and treatment 
of PONV, and some information regarding cost-eff ectiveness, but the weakest link in 
the chain is implementation of evidence-based strategies. Some have proposed that 
near-universal multimodal PONV prophylaxis may represent a simpler and more reli-
able approach to reducing the incidence of PONV[ 16 ]. Th e low cost of most of the cur-
rently available antiemetics and their low incidence of side eff ects suggest that a liberal 
antiemetic prophylaxis regimen could be a rational option to eliminate or substantially 
reduce the big “little problem”[ 17 ]. Such opinions, however, require our deliberation 
and critique, and it is fortunate that there is a growing body of literature to guide such 
decision-making. 

 Decisions about drug choices and administration should consider the cost and ben-
efi ts of relevant drugs, as well as the option of not using drug therapy. Information is 
available on how to consider drug cost-eff ectiveness[ 18 ], and such studies should be con-
ducted according to established guidelines[ 18 – 22 ]. Until recently, most costing studies 
of PONV therapies have been incomplete and not conducted in accordance with these 
recommendations[ 20 , 23 ]. 

   It might be useful to consider what, exactly, are the costs or consequences of PONV 
and PDNV. It many cases the avoidance or early treatment of PONV leads to a benefi -
cial eff ect on patient comfort and quality of recovery aft er surgery. Most patients and 
clinicians want to avoid any PONV – the resultant consequences of discomfort and emo-
tional distress are probably suffi  cient reasons to avoid PONV. Most patients, however, 
would not suff er PONV irrespective of treatment, and of those who are given antiemetic 
prophylaxis, only about one-third will benefi t from this practice. Th ere are of course eco-
nomic costs of PONV: requirements for treatment, delayed discharge from the postan-
aesthesia care unit (PACU), unplanned readmission, and for patients discharged home 
there may be limitations on return to work or increased need for domiciliary assistance. 
Some patients’ prior experience of PONV fuels an ongoing aversion to further surgery 
and anesthesia  . 

 Postoperative nausea and 
vomiting management: 
cost-eff ectiveness and 
patient outcome        
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  Methodology of cost-eff ectiveness studies 
   Th ere are several diff erent ways health costing studies can be considered and quantifi ed. 
Approaches to analyses typically include the following: 

•    Cost-of-illness  Th e direct economic impact of an illness or adverse event, including 
treatment costs. For PONV this would include drug acquisition costs, extra time in the 
PACU and loss of earnings.  

•    Cost-minimization  To determine the least costly alternative treatment assumed to 
produce equivalent outcomes. Th is would include the option of no prophylaxis or 
treatment.  

•    Cost-eff ectiveness  A ratio of monetary costs with outcomes quantifi ed in 
non-monetary units – that is, the impact of reduced PONV on overall health status.  

•    Cost–utility  A ratio of monetary costs with outcomes quantifi ed in terms of their 
utility to the patient. Th is type of analysis typically uses quality-adjusted life years 
(QALYs).  

•    Cost–benefi t  A ratio of costs and benefi ts, both quantifi ed in monetary units.    

 Th e perspective of a cost analysis refers to who is bearing the costs. Th is may be the patient, 
the hospital, a third-party payer or society overall. It is generally recommended that all costs 
and outcomes should be considered from a societal perspective, because the patient or anes-
thesiologist may not appreciate what is truly cost-eff ective, and they or the hospital are not 
usually responsible for all cost outlays. 

 In cost-eff ectiveness analysis, it is conventional to distinguish between the direct costs 
and the indirect costs associated with the treatment, perhaps including intangibles, which 
may be diffi  cult to quantify, but are oft en consequences of treatment or opting for no treat-
ment. Direct costs might include drug and disposables costs, staff  time to deal with PONV, 
cleaning and linen, and any other patient expenses associated with PONV. Indirect costs 
include family burdens and productivity losses;  intangibles might include patient distress 
and other adverse eff ects. 

   In 1994, it was estimated that each episode of emesis delays discharge from PACU by 
approximately 20 min[ 24 ]. Th ese costs are likely to be a lot higher in contemporary settings  . 

   Th e incremental cost-eff ectiveness ratio (ICER) is the ratio of the change in costs to in-
cremental benefi ts of a therapeutic intervention or treatment, calculated as[ 22]:  

   ICER = (C1 – C2) / (E1 – E2)   

 where: 
       C1 and E1 are the cost and eff ect in the treatment group, and 
       C2 and E2 are the cost and eff ect in the control group. 

 Costs are described in monetary units and benefi t/eff ect on health status is usually measured 
in terms of QALYs gained or lost. Th at is, the numerator measures treatment costs and the 
denominator places a monetary cost on the health consequences. Increased  length  of life, 
and/or  quality  of life, will increase QALYs. One QALY is equal to 1 year of life lived in per-
fect health. A medical complication leading to a 25% reduction in quality of life but with 
no eff ect on longevity will result in a 0.75 QALY. QALYs can be used to rank any number of 
competing treatment options or to compare two treatment options. 
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 Most national drug approval or funding agencies expect cost-eff ectiveness to be expressed 
as a cost per QALY gained or lost. Th at is, in terms of society’s willingness to pay for an add-
itional unit of health gain. 

 In the UK, the   National Institute for Health and Clinical Excellence (NICE) uses QALYs 
as the “common currency” to enable comparisons across therapeutic areas. Th e ICER is 
expressed as the cost per QALY gained and can be compared with those of other interven-
tions or with a national threshold value of what is considered to represent cost-eff ectiveness. 
NICE has a range of acceptable cost-eff ectiveness of around £25,000 (US$55,000) per 
QALY  [ 10 ]. 

   Another approach that has been used in the PONV literature is the  willingness to 
pay  method. For example, several studies have found that patients are willing to pay ap-
proximately $100 to avoid experiencing PONV[ 25 , 26 ], and another study found parents 
are willing to spend approximately $80 to prevent postoperative vomiting (POV) in their 
children[ 27 ]. Th e threshold for the willingness to pay method is about $50–100,000 in the 
USA[ 28 ]. A  willingness to pay rate of $100 per case avoided makes PONV prophylaxis 
cost-eff ective in clinical settings with a baseline incidence of PONV of 40%  . 

 Th e QALY approach can be modifi ed to suit a perioperative, particularly ambulatory 
surgery setting, such as if a proposed prophylactic treatment costs $11.00 and on average 
increases a person’s quality of recovery score 2 points on a 0–10 point scale, say from 6 to 8, 
for the next 24-h period and they otherwise recover fully at home (i.e., they will eventually 
recover full health), we can calculate a QALY as: 
•   QALY without PONV prophylaxis is: 6/10 × 1 (day) + 364 (remaining days in the year, 

ignoring the leap year), so 364.6 QALYs  
•   QALY with PONV prophylaxis is 364.8  
•   Th e gain in QALYs with PONV prophylaxis is 0.2/365 (=0.0.0005479)  
•   Th e ICER will then be $11/0.0005479 = $20,077 per QALY. Th is is a cost-eff ective 

treatment and can be recommended.   

 Estimates of cost-eff ectiveness can vary markedly because of diff erent assumptions relating 
to the cost of treatment and impact on “outcomes,” particularly measures of resultant health 
status. Costing studies should include some sensitivity analysis, to explore the eff ect of 
changes in the underlying assumptions of the costs and benefi ts. For example, if the drug 
acquisition and disposables cost were twice as much or the benefi t of reduced PONV on 
overall health status was less. 

 Th e practicality of developing evidence on drug cost-eff ectiveness has been addressed in 
other specialties[ 29 ], and can be explored in perioperative practice. It is not too diffi  cult to 
obtain cost data on types of treatments available, dosages, and sundry equipment and staff -
ing. It is therefore possible to estimate incremental cost-eff ectiveness to facilitate informed 
decision-making by both payers and physicians. Th is can improve quality of care and en-
hance the effi  cient allocation of resources    .  

  Patient-centered outcome measures and PONV 
   In the USA, the Patient Protection and Aff ordable Care Act was devised with the aim of im-
proving quality of healthcare, outcomes and cost-effi  ciency. Th e Patient-Centered Outcomes 
Research Institute (PCORI) was established to encourage and support more compara-
tive eff ectiveness research[ 30 ]. Th ese changes place much greater emphasis on outcomes 
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research, knowledge translation, and the need to incorporate patient preferences in clinical 
decision-making. Patient outcomes are also related to the level of communication with and 
trust in the doctor[ 31 , 32 ]. 

 Patient-reported outcomes are events directly reported by patients or their surrogates 
about experiences with care, including symptoms, functional status or quality of life[ 33 ]. In 
the perioperative setting, this would include quality of recovery[ 34 – 37 ]. Th ese are necessary 
and important outcome measures used by drug registration agencies, as well as to provide 
clinicians and the patients they treat with clinically useful information. Th is is in contrast to 
studies focusing on surrogate outcome measures[ 38 , 39 ]; many are of questionable signifi -
cance and oft en have no convincing relationship with patient outcome. 

 Whilst some have argued that PONV is not necessarily an adverse patient outcome[ 40 ];  
there is little doubt that many PONV episodes are clinically important[ 41 , 42 ].  It is, however, 
necessary to include some measure(s) of patient outcome over and above the incidence of 
PONV in perioperative research. Th is may include quantifying the clinical importance of 
PONV[ 41 ], or including one or more measures of patient quality of recovery or satisfaction 
with care[ 40 ]. 

   Several quality of recovery (QoR) scores are available[ 32 , 43 – 47 ], but the most stringently 
studied has been the QoR-40[ 48 ]. For example, several groups have identifi ed interventions 
that not only reduce PONV but also the resultant eff ect on QoR[ 49 , 50 ]. Quantitative meas-
ures of quality of recovery provide a numerical value for health status, and so can be used to 
calculate QALYs and ICER  . 

 Myles and Wengritzky[ 41 ] developed a simple-to-use measure of the intensity and clin-
ical impact of PONV. Th ey found that around one in fi ve patients with PONV had features 
that could classify them as having clinically important PONV;  that is, where the PONV 
episode had a demonstrable eff ect on measures of health status. Patients with clinically im-
portant PONV had a much poorer quality of recovery ( P  < 0.0005), needed more antiemetic 
administrations for treatment ( P  < 0.0005), and were more likely to have consequences and 
complications of PONV ( P  < 0.01) when compared with those with lesser degrees of PONV  .  

  PONV cost-evaluation studies 
   Whilst prophylactic antiemetic therapy reduces the incidence of PONV, it is unclear whether 
there is net benefi t (less patient discomfort, delayed recovery, less staff  resources) or harm 
(drug administration costs, side eff ects). Most patients do not benefi t when given prophy-
lactic antiemetic therapy, but all are exposed to potential harms. 

 Carlisle and Stevenson[ 51 ] performed a systematic review and meta-analysis of rand-
omized controlled trials, which compared PONV prophylaxis with placebo. Th ey identifi ed 
737 trials involving 103,237 patients and found that eight drugs were effi  cacious in preventing 
PONV when compared with placebo: dexamethasone, droperidol, metoclopramide, ondanse-
tron, tropisetron, dolasetron, granisetron and cyclizine. Th e relative risks (RR) were between 
0.60 and 0.80, depending upon the drug and outcome, indicating a 20–40% reduction in risk. 
Most of the original studies did not report side eff ects, but there was evidence of excess sed-
ation with droperidol (RR 1.32) and headache with ondansetron (RR 1.16). Th e authors con-
cluded that for each 100 patients given one of the above drugs, of whom 30 would report 
PONV without prophylaxis, 10 people would benefi t from treatment and 90 people would not. 

 Failure to treat and overtreatment are two ends of a poor cost-eff ectiveness spec-
trum.   Risk scores can identify patients at increased risk of PONV, and may therefore 
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aid cost-eff ectiveness. An electronic decision-support clinical information system can 
assist[ 52 ]. Quality metrics to improve the cost-eff ective management of PONV have been 
proposed[ 53 ]. 

 Pierre et al.[ 54 ] triaged surgical patients into three groups: (i) those at low risk of PONV 
that did not receive any antiemetic prophylaxis;  (ii) those at moderate risk received low-dose 
(0.625 mg) droperidol or propofol-based intravenous anesthesia without droperidol;  and 
(iii) those in the high-risk group received propofol-based intravenous anesthesia, dexa-
methasone 4 mg and droperidol 0.625 mg. Rates of PONV were reduced from 50% to 14% ( P  
< 0.001). Such risk-guided antiemetic regimens are likely to be a cost-eff ective strategy. Th is 
concept has further support from another continuous   quality improvement (QI) program 
aimed at lowering PONV in the PACU[ 55 ]. A multimodal PONV management protocol 
that standardized the anesthetic technique and antiemetic regimen was used, according to 
the Apfel PONV risk scoring system[ 56 ]. Th ere were three stages to the QI program: (1) a 
prospective analysis of existing practice;  (2) protocol implementation;  (3) active feedback to 
staff  and evaluation of guideline compliance. Th ey found that 37/395 (9.4%) and 151/3,864 
(3.9%) patients experienced PONV in the PACU before and aft er protocol implementation, 
respectively ( P  < 0.001), demonstrating a successful QI program  . 

 A QI program introduced at the University of Texas MD Anderson Cancer Center and 
covering 23,279 anesthetics[ 57 ] found that   compliance was not signifi cantly infl uenced by 
a brief education program or in low-risk patients (the latter because of ingrained habits of 
universal antiemetic prophylaxis), but some improvement occurred when anesthesiologists 
were provided with brief performance data (59% versus 54%,  P  < 0.001) and most strongly 
when ongoing compliance data were presented (65% versus 59%,  P  < 0.001)  . Benefi cial 
eff ects were strongest for those patients who had at least three risk factors for PONV  . 

 Hill et  al.[ 58 ] found prophylaxis was more cost-eff ective than placebo in high-risk 
patients because of the increased costs associated with nausea and vomiting[ 59 ]. Th e add-
itional costs associated with PONV in placebo patients were up to 100 times higher com-
pared with prophylaxis with a generic antiemetic, and the cost of treating vomiting was 
three times greater than the cost of treating nausea. Other studies have reported similar 
fi ndings, but prophylaxis is only marginally more eff ective than treatment. Tramer et al.
[ 60 ] did a modeling study and found that   treatment of established PONV with ondanse-
tron is more cost-eff ective and safer than prophylaxis with the same drug when eff ective 
doses are used. Th is was in part due to the weak antinausea eff ect of prophylactic ondan-
setron. Th ese fi ndings, however, might not be currently applicable since ondansetron 
 became generic. 

 Paech et al.[ 61 ] included a cost–benefi t analysis in a comparison of three 5-HT 3  receptor 
antagonists in 118 patients undergoing major gynecologic surgery. Th ey found no signifi -
cant diff erences between groups, and concluded that the choice between these agents should 
be based on the lowest available acquisition cost for each agent. 

 Pueyo et al.[ 62 ] compared the cost-eff ectiveness of three combinations of antiemetics 
in the prevention of PONV in 90 women undergoing major gynecologic surgery. A deci-
sion analysis tree was used to divide each group into nine mutually exclusive subgroups, 
depending on the incidence of PONV, need for rescue therapy, side eff ects and their 
treatment. Direct cost and probabilities were calculated for each subgroup, and then a 
cost-eff ectiveness analysis was conducted from the hospital point-of-view. Th ey found that 
the combination of ondansetron–droperidol was cheaper than and at least as eff ective as 
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ondansetron–dexamethasone, and was more eff ective than dexamethasone–droperidol with 
minimal extra cost. 

 Chang et al.[ 15 ] compared the   cost-eff ectiveness of ondansetron and prochlorperazine 
in 78 patients undergoing hip or knee arthroplasty. Th ey measured the cost-eff ectiveness 
ratio for each antiemetic. Prochlorperazine was more eff ective at reducing PONV in this 
study population. Th e mean total costs of PONV management per patient in the prochlor-
perazine and ondansetron groups were $13.99 and $51.98, respectively. Th e cost of success-
fully treating one patient with prochlorperazine and ondansetron was $31.87 and $275.01, 
respectively. Th ey concluded that prochlorperazine is a more cost-eff ective antiemetic com-
pared with ondansetron for the prevention of PONV in their study population. However, 
ondansetron has since become generic and so those fi ndings might not be applicable to 
current practice  . 

   Th ere are few pediatric studies evaluating cost-eff ectiveness of PONV management. 
 An excellent study by Sennaraj et al.[ 63 ] compared the cost-eff ectiveness of prophylactic 

ondansetron with early ondansetron treatment in the management of PONV in 150 children 
undergoing strabismus repair using patient-centered outcome measures. Outcome meas-
ures included PONV rates, duration of stay in the PACU, parental satisfaction scores and 
costs (cost to benefi t a child and cost per PONV-free child). Ondansetron prophylaxis was 
eff ective in reducing early and late PONV, and resulted in a shorter duration of PACU stay 
and superior parental satisfaction scores. Th e cost to benefi t a child was more than fourfold 
less and the cost per PONV-free child was 35% less in the PONV prophylaxis group. 

 Olutoye et al.[ 64 ] evaluated the smallest dose of   dolasetron for the prophylaxis of POV in 
204 children undergoing ambulatory surgery. Costs were calculated from the perspective of 
the hospital. Th e incidence of early (0–6 h) and 24-h emesis was more frequent in the dola-
setron 45 μg/kg group compared with the dolasetron 350 and 700 μg/kg groups and with 
the ondansetron group. Th ey concluded that dolasetron 350 μg/kg IV was the smallest dose 
that provided acceptable equivalent effi  cacy and patient satisfaction scores to ondansetron 
100 μg/kg    .   

 Parra-Sanchez et al.[ 11 ] determined the   incremental costs of PONV/PDNV in ambula-
tory patients with a time-and-motion study in 100 ambulatory surgery patients. Th ey evalu-
ated the incidence of PONV, time staff  spent with patients, use of PONV-related supplies, 
recovery duration, PONV rescue treatments and a quality-of-life metric up to the third 
postoperative morning. Th ey found that 37% of patients experienced PONV during hos-
pitalization;  this increased to 42% by the fi rst postoperative morning and to 49% by the 
third postoperative morning. Patients with PONV spent 1 h longer in PACU compared with 
patients without PONV ( P  = 0.001) and more nursing time was required ( P  = 0.02). Th e total 
cost of postoperative recovery was signifi cantly greater for patients with PONV/PDNV than 
for those without (US$730 versus $640;  ICER $75,  P  = 0.006). Th e proportion of those who 
rated their quality of life high on each of four domains was less in those with PONV/PDNV, 
49% versus 94%, respectively ( P  < 0.001). Th e incremental cost was comparable with the cost 
patients are willing to pay to avoid PONV  . 

 Th ere are many eff ective, cheap (generic) antiemetic agents that have been shown to be 
eff ective in the prophylaxis and treatment of PONV and PDNV. Lower drug acquisition 
costs support the cost-eff ectiveness of PONV prophylaxis in at-risk groups. In general, the 
decision about whether or not to use PONV prophylaxis is determined by the drug effi  cacy, 
risk for PONV, and drug acquisition costs, and these will vary from one setting to another  .   
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   The rate and odds of vomiting and their ratios 
   Nausea and vomiting are usually reported as a rate present or absent at a given time aft er 
surgery or as an incidence during a given period aft er surgery. Th e severity of both is less 
oft en reported. Th is chapter therefore concentrates on rates of postoperative nausea and 
vomiting (PONV). 

 Specifi c terminology is used when describing the results of randomized controlled trials 
(RCTs) and meta-analyses. Th e    vomit rate  is the number in a group who vomit divided by the 
total number in the group  , and the    vomit odds  is the number in a group who vomit divided 
by the number in the group who do not vomit  ;  these are diff erent. Th e    rate ratio  (or “rela-
tive risk” or “risk ratio”) is the rate in one group divided by the rate in another group, and 
the  odds ratio  is the odds in one group divided by the odds in another group;  these are also 
diff erent. It is important that you remember that rates, odds and their ratios are diff erent. 

  Table  15.1  shows the same antiemetic drug being given to two diff erent populations. 
Th e fi rst population has a vomit rate in the control group of 40 in 100 and the control rate 
in the second population is 20 in 100. Th e rates and odds change, the rate ratio stays the 
same but the odds ratio changes. It is true that we are interested in what makes the control 
vomit rates diff erent in diff erent populations and we are also interested in the generalizable 
eff ect of a drug. It is important that we separate the two to determine the drug eff ect. We 
therefore should characterize the eff ect of a drug as a rate ratio and not as an odds ratio 
because it is unaff ected by the control rate. Similarly, we should not characterize the gener-
alizable drug eff ect as either an absolute rate reduction or as the “number needed-to-treat.” 
Th ese measures are very important when determining the expected drug eff ect in a particu-
lar population, but they are not, by defi nition, generalizable. Rates and their ratios are easily 
understood. Odds are diff erent, so they are more diffi  cult to understand, particularly their 
ratios;  they are odd.   

   Nausea and vomiting are not the same. “Nausea” is the premonitory urge to vomit 
and is usually accompanied by unpleasant autonomic symptoms and signs, for instance 
sweating, pallor, salivation and gastrointestinal (GI) dysmotility. “Vomiting” is the retro-
grade expulsion of GI contents. Nausea may not be accompanied by vomiting and – more 
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rarely – vomiting may not be preceded by nausea. Vomiting may relieve the unpleasant-
ness of nausea. Some patients may want to avoid nausea more than vomiting and other 
patients may want to avoid vomiting more than nausea. An antiemetic may prevent or 
relieve nausea more than vomiting and vice versa. It is theoretically possible for an anti-
emetic to prolong nausea by preventing vomiting. PONV is therefore a composite of two 
outcomes that diff er in rate, duration, perceived severity, undesirability and response to 
treatment. Composite outcomes should generally be avoided because they do not inform 
clinicians or patients of the separate probabilities of outcomes that are diff erent. Th e com-
posite outcome of PONV is superfi cially attractive because it appears to summarize epi-
demiology and response to treatment, but given the concerns listed above, the composite 
should always be accompanied by separate reports of the rate of nausea and the rate of 
vomiting. Th e composite must be clearly defi ned each time it is reported. Without defi n-
ition it is not apparent what various terms mean, including “PONV,” “complete response” 
(no vomiting or use of rescue antiemetic) and “total response” (no nausea or vomiting or 
use of rescue antiemetic). Th e composite outcome cannot usually be calculated from the 
rate of nausea and the rate of vomiting. For instance, a paper may report that the rate of 
nausea was 20/100 and that the rate of vomiting was 10/100. One might conclude that the 
rate of PONV was 20/100, but this calculation assumes that all the patients that vomited 
were nauseated. If vomiting was not preceded by nausea, the composite rate of PONV 
would be 30/100  .       

 Table 15.1      Antiemetic postoperative vomiting rate reduction by 0.25 (RR of 0.75)  

Vomit No vomit Total  Rate  Odds 
   Vomiting rate 40/100 

Group

  Drug 30 70 100 30/100 0.30 30/70 0.43

  Control 40 60 100 40/100 0.40 40/60 0.67

Ratio

  Rates 30/40 70/60 1/1  30/40  (3/7)/(4/6) 

  Proportion 0.75 1.17 1  0.75  0.64 

Drug benefi t  10  ARR = (1 − 0.75) × 40/100 = 0.10 

No drug benefi t  90  NNT = 1/0.10 = 10 

  Vomiting rate 20/100  

Group

  Drug 15 85 100 15/100 0.15 15/85 0.18

  Control 20 80 100 20/100 0.20 20/80 0.25

Ratio

  Rates 15/20 85/80 1/1  15/20  (15/85)/(20/80) 

  Proportion 0.75 1.06 1  0.75  0.71 

Drug benefi t  5  ARR = (1 − 0.75) x 20/100 = 0.05 

No drug benefi t  95  NNT = 1/0.05 = 20 

  ARR, absolute rate reduction;  NNT, number needed-to-treat.  
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  Chance, association and causation 
   Nausea and vomiting happen all the time to people of all ages, with or without an operation. 
“PONV” implies an association between having an operation and subsequent nausea and 
vomiting. Sometimes nausea and vomiting aft er surgery will be associated with having had 
an operation and everything else associated with it, but on other occasions PONV will be a 
chance event. 

 Research can quantify the probability that chance accounts for the apparent association 
of diff erent factors with PONV. A factor that applies to everyone does not interest PONV 
researchers, e.g., being human or having an operation. Factors that vary or  variables  are of 
interest. Some variables are fi xed for an individual but their value can be diff erent between 
individuals, for instance genetic sex. Some variables are fi xed for an individual at a given 
moment but can change with time and cannot be changed by someone else, e.g., age. Some 
variables can be changed through intervention. Although physical fi tness changes with time, 
it can be modifi ed through intervention, unlike age. Physical fi tness is intrinsic to someone’s 
body but other variables are not. Th ese extrinsic variables are easiest to modify, e.g., one can 
give someone a drug. Similarly research can quantify variables associated with the severity 
or duration of PONV as well as its treatment. 

 So we have variable patients who experience variable rates of nausea and variable rates 
of vomiting aft er variable operations under variable conditions. How are we going to quan-
tify the independent association of a factor with PONV? We want the research to quantify 
whether the variable is associated with an increase or decrease in the rate of PONV and by 
how much: we want the answers to be true and precise, i.e., accurate. We are going to be 
particularly interested in variables that are associated with “big” changes in the rates (or 
severity) of PONV, whilst we will be unconcerned with variables that are associated with 
“small” eff ects. In both cases, we still want accurate answers otherwise we cannot reliably 
conclude whether there is an association or not and we cannot conclude whether an associ-
ation is important or unimportant.   

   The power of most RCTs to detect an effect of antiemetic drugs has been very weak, 
which has profound implications for how the result of a single trial is viewed[ 1 ], as 
shown in  Table 15.1 . The relative rate of vomiting with the drug was 0.75. The number 
who benefited with a control vomit rate of 40% was 10/100 participants and 5/100 with 
a control rate of 20%. Recent studies have reiterated the consequences of power and  P  
value on the four potential outcomes of individual trials, as depicted in  Flow Diagram 
15.1 [ 2 – 4 ].    

 Th e variables in the left -hand box might be those we are examining for a prediction 
model, e.g., age or sex, or they might be interventions we are testing for an eff ect, e.g., 
metoclopramide or ondansetron. We want our research to return the light gray boxes and 
not the dark gray boxes. Sample size calculations quantify the “Yes” boxes: light gray is the 
power, dark gray is the  P  value. A variable can associate with PONV or fail to associate with 
PONV, consistently or inconsistently. Inconsistent associations might be more common 
than consistent associations. It is important to appreciate that a  P  value underestimates the 
chance of a false discovery for inconsistent associations. Consider a variable that associates 
with PONV half the time: how oft en would it be wrong to accept an association if the  P  
value was 0.05? Remember that the  P  value is the probability that we incorrectly accept an 
association when there is no association. So it might be considered that the probability of 
incorrectly accepting an association is 0.05 or 5% or 1 in 20. But what about the probability 
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that we will accept an association when there is an association?  Flow Diagram 15.2  depicts 
1000 tests each with a power of 80% for which we use a  P  value of 0.05 to accept that a vari-
able is associated with PONV, but the association is true only half of the time.    

 You can see that the number of times we incorrectly accept an association is 25/425 or 
0.059, slightly more than the  P  value of 0.05. Th is disparity is not particularly worrying. 
However, the disparity rapidly grows as the association becomes less consistent or as the 
power weakens. Consider  Flow Diagram 15.3  in which a variable associates with PONV 10% 
of the time, again in trials with a power of 80% and for which we will accept an association 
at  P  = 0.05.    

Do we accept 
an association?

Associated 
with PONV?

Observational and 
interventional trials

Variables

Yes
Yes

No

No
Yes

No

 Flow Diagram 15.1      Diagram 
showing potential outcomes of 
individual trials for postoperative 
nausea and vomiting (PONV). The 
middle column shows whether a 
variable, such as sex, is associated 
with PONV, and whether an 
intervention changes the rate of 
PONV. The right-hand column 
depicts the possible results of an 
experiment, which may correctly 
or incorrectly identify associations 
and eff ects as present or absent. 
Experiments that correctly 
identify associations and eff ects 
as present (Yes) or absent (No) are 
colored light gray, whereas false 
results are colored dark gray.  

Do we accept 
an association?

Associated 
with PONV?

Number of trials

1000
500

400

100

500
25

475

 Flow Diagram 15.2      Diagram 
showing outcomes of trials 
for postoperative nausea and 
vomiting (PONV) where the 
middle column depicts 1000 
experiments, in which half have 
a variable that associates with 
PONV (or an intervention that 
aff ects PONV) and in half there is 
no association or eff ect. Sample 
sizes are calculated using two 
parameters plus an eff ect size. 
One parameter is the power – the 
probability of correctly accepting 
an eff ect – which in this example 
is equivalent to 400 in the 
right-hand column divided by the 
number of experiments where 
the association exists (500), i.e., 
400/500, which is 0.80 or 80%. The 

other parameter is the statistical threshold for accepting an eff ect when it does not exist, which in this example is 
equivalent to the 25 in the right-hand column, divided by the number of experiments in which an eff ect does not 
exist (500), i.e., 25/500, which is 0.05. The total number of times that we would declare an eff ect in this scenario 
is 400 + 25, which is 425. The proportion of times that this declaration would be wrong is 25/425, or 0.06 or 6%, 
which is called the “false discovery rate,” which means that the P value of 0.05 underestimates the number of times 
we would incorrectly state that an eff ect exists.  
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 In this case the number of associations that we incorrectly accept is 45/125 or 0.36 or 36%. 
 Let us take as an example RCTs of metoclopramide. Th e RR of postoperative vomit-

ing (POV) is reduced by 25% or so by metoclopramide compared with placebo (RR 0.75). 
Th e control rate of POV in RCTs of metoclopramide has averaged 40%. About 750 partici-
pants would need to be recruited (375 in the control group and 375 in the metoclopramide 
group) to have a 20% probability (80% power) of falsely rejecting a real association and a 5% 
probability of incorrectly accepting an absent association ( P  value of 0.05). Unfortunately, 
researchers have recruited 46 participants on average (23 to each group), a power of about 5%. 
Let us suppose that metoclopramide has an eff ect in half of the RCTs ( Flow Diagram 15.4 ).    

 Th e rate of wrong acceptance is 25/50, or 0.5 or 50%. A combination of 5% power and 
a less consistent association with PONV, say 10%, would result in a false detection rate of 
45/50 or 90%! It can be noted that the probability of falsely rejecting a true association is 
also aff ected by the rate of association and the choices of power and statistical threshold. In 

Do we accept 
an association?

Associated 
with PONV?

Number of trials

1000
100

80

20

900
45

855

Do we accept 
an 

association?

Associated 
with PONV?

Number of trials

1000
500

25

475

500
25

475

 Flow Diagram 15.3      Diagram 
showing how the principles 
illustrated in  Flow Diagram 15.2  
result in worryingly high false 
discovery rates when an eff ect is 
weak, being present in 100/1000 
experiments. The total number 
of times that we would declare 
an eff ect in this scenario is 80 + 
45, which is 125. The proportion 
of times that this declaration 
would be wrong is 45/125, or 0.36 
or 36%, which means that the  P  
value of 0.05 (45/900) substantially 
underestimates the number 
of times we would incorrectly 
state that an eff ect exists. PONV, 
postoperative nausea and 
vomiting.  

 Flow Diagram 15.4      Diagram 
showing the situation that 
represents many randomized 
controlled trials of drugs to prevent 
nausea and vomiting, in which 
the relative risk of postoperative 
nausea and vomiting (PONV) is 0.5 
(500/1000) but the power is only 
0.05 (25/500), as is the  P  value for 
statistical signifi cance. The total 
number of times that we would 
declare an eff ect in this scenario is 
25 + 25, which is 50. The proportion 
of times that this declaration would 
be wrong is 25/50, or 0.50 or 50%, 
which means that the  P  value of 
0.05 (25/500) overestimates 10-fold 
the proportion of times that there 
is an eff ect when we declare there 
is an eff ect.  

9781107465190_pi-182.indd   160 2/26/2016   4:01:06 PM

Downloaded from Cambridge Books Online by IP 129.215.17.190 on Thu Apr 28 11:18:30 BST 2016.
http://dx.doi.org/10.1017/CBO9781316135853.017

Cambridge Books Online © Cambridge University Press, 2016



Chapter 15: Postoperative nausea and vomiting research 161

the fi rst scenario (association 50%, power 80% and  P  value 0.05), the rate of wrong rejection 
was 100/575, 0.17 or 17%. In the second scenario (association 10%, power 80% and  P  value 
0.05), the rate of wrong rejection was 20/875, 0.02 or 2%. In the third scenario (association 
50%, power 5% and P value 0.05), the rate of wrong rejection was 475/950, 0.5 or 50%, i.e., 
in this last scenario, which might be representative of PONV RCTs, half the time we say that 
there is an association there is not, and half the time we say that there is not an association 
there is[ 5 ]. 

 So trials with low power do not detect true associations but do detect untrue associations. 
Trials with more power detect more true associations;  they generate smaller  P  values that 
congregate more closely around the true magnitude of the association.  Figures 15.1 – 15.3  
illustrate the association of trial power with the accuracy (and precision) of the results. Th is 
author has conducted 300,000 simulations of RCTs of metoclopramide in which the average 
control and intervention PONV rates were 40% and 30%, respectively. Also conducted were 
100,000 simulations for trials, which recruited 20, 80 or 320 participants per group, with 
respective powers of 5%, 21% and 73% ( Figure 15.1 );  the true RR was 30/40 or 0.75. Th e  P  
value sequentially increases with loss of power, and as expected the proportion of simula-
tions that generated  P  values <0.05 were 73.4%, 21.3% and 5.9% at powers of 73%, 21% 
and 5%.    

 Half of the RCTs have RRs less than the true value (0.75) and half have values more than 
0.75. Th e 95% confi dence interval (CI) for the RR increases around the median of 0.75 as 
the power decreases: 0.60–0.92, 0.47–1.15 and 0.24–1.80 with powers of 73%, 21% and 5%, 
respectively ( Figure 15.2 ).    

 Th e null hypothesis that is being tested is that diff erences in rates of PONV between 
groups are due to chance, i.e. the RR is one. Th e  P  value is the probability of falsely accept-
ing an eff ect of metoclopramide, so if the rate of vomiting is the same in the control and 
metoclopramide groups (RR of 1), we would be very foolish to say that there is a diff erence, 
which the  P  value of 1 refl ects. Th e absence of an eff ect becomes less likely ( P  values become 
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 Figure 15.1      A graph showing 
the proportion of randomized 
controlled trials (vertical axis) 
that generate a  P  value less than 
a given value (horizontal axis). 
Simulations of experiments of 
an antiemetic drug were run by 
this author, which reduced the 
rate of postoperative nausea and 
vomiting (PONV) by 0.25, i.e., 
the relative risk of PONV is 0.75 
after the drug, who simulated 
experiments that recruited 20, 80 
or 320 participants to each group, 
one receiving the antiemetic 
drug and the other a placebo. 
The power of these studies to 
identify an eff ect were 5%, 21% 
and 73%, which is the proportion 
of trials (vertical axis) that 
generated a  P  value less than 0.05 
(horizontal axis).  
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smaller) the greater the discrepancy between the observed RR and a RR of 1 (no drug eff ect). 
Trials with a power of 5% will generate statistically signifi cant RRs that are smaller than 
RCTs with powers of 21% or 73%:  in simulations, the respective mean (95% CI) RRs for 
RCTs  P  values <0.05 were 0.49 (0.10–2.33), 0.56 (0.41–0.64) and 0.72 (0.59–0.80). Th ere are 
relatively few trials that generate RRs in excess of 1, as indicated by the lack of trial density 
contour lines ( Figure 15.3 ).    

 What does this all mean for calculating the eff ect of a drug such as metoclopramide? It is 
of surprise to note that a more reliable estimate of the eff ect of an antiemetic drug is obtained 
if the results of “insignifi cant” RCTs ( P  >0.05) rather the results of “signifi cant” RCTs ( P  ≤ 
0.05) are used, which is a consequence of antiemetic RCTs having powers of 5–30%. 

  Table 15.2  explains this apparent paradox. We are going to simulate RCTs of an anti-
emetic in three populations: with mean (95%) rates of vomiting in the control group of 10% 
(4–16), 20% (12–28) and 40% (30–49). We will generously assume that the antiemetic con-
sistently reduces the vomiting rate to 75% of the control rate, so for every 100 participants 
given metoclopramide the number that will benefi t will be 2.5 (10 subtract 7.5), 5 (10 sub-
tract 15) and 10 (40 subtract 30), respectively. Th e RCTs recruit 20, 50 or 100 participants 
to both the control and metoclopramide groups. Th e RCTs are done perfectly: there is no 
bias in any methodologic domain (see below). What are our results? It can be seen that the 
power increases with the rate of vomiting in the control group as well as with the number 
of participants. As expected, the  P  values decrease as the power increases and the RRs get 
closer to 0.75. Th is author used two methods to generate “average” RRs for each trial size in 
each vomiting rate population: the meta-analysis method is statistically correct, whereas the 
“mean” value is not, but it might better refl ect the average belief of what eff ect metoclopra-
mide had if the readers were asked, who would have read a sample of RCT results and do not 
do meta-analyses in their heads. If readers “believed” all results equally, it would be expected 
for them to believe that the RR of vomiting aft er metoclopramide was between 0.95 and 0.76, 
whereas if they only believed statistically signifi cant results, they would think that the RR 
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 Figure 15.2      The same 
simulations used to plot 
 Figure 15.1  are used in this graph 
to illustrate the proportion of 
randomized controlled trials 
(vertical axis) that generate a 
relative risk (RR) less than a given 
value (horizontal axis). The true 
eff ect of the antiemetic is a RR 
for postoperative nausea and 
vomiting of 0.75 (dotted vertical 
line). Experiments that recruit 
320 participants to each group 
generate RRs similar to 0.75, 
whereas experiments that recruit 
only 20 participants to each group 
generate RRs that are often much 
smaller or larger than 0.75.  
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was between 0.59 and 0.11, which doubles the number of patients who appeared to benefi t. 
In contrast, the mean RRs of insignifi cant trials were between 0.97 and 0.82. 

 In  Table 15.2 , the same number of participants contributed to results of both RCTs and 
meta-analyses. Nine diff erent scenarios were simulated from three diff erent control rates 
(10%, 20% and 40%) and groups that contained 20, 50 or 100 participants. Th e results of each 
scenario are presented in three ways – when the RRs are calculated: using all RCTs;  using 
only RCTs with signifi cant results ( P  < 0.05);  using only RCTs with “insignifi cant” results ( P  > 
0.05). Th e points of interest are: meta-analyses more accurately estimate the true RR (0.75) 
than taking the mean of RCTs that contain the same number of participants;  “insignifi cant” 
results (P > 0.05) are more accurate than “signifi cant” results ( P  < 0.05) when the power of 
RCTs was 26% or less (the maximum power simulated). Similarly the estimates of the num-
ber out of 100 participants who would benefi t from the antiemetic are most accurate when all 
RCTs are analysed but only marginally less so if insignifi cant RCTs are analysed. Trials with 
signifi cant results substantially overestimate the benefi t derived from the antiemetic.    

 In summary, trials with unlikely results are unlikely to represent the play of chance, which 
is better represented by the more numerous trials with likely results. But also, RCTs with 
unlikely results are unlikely to represent the eff ect of an intervention as well, which is also 
better represented by the more numerous RCTs with likely results. So how should we syn-
thesize the signifi cant and insignifi cant results from unlikely and likely trials? In  Table 15.2 , 
it can be seen that the results of meta-analysis are predominantly closer to the true RR of 
0.75 than taking a mean of the RRs in all trials;  the disparity between the estimated and true 
benefi t of giving metoclopramide to a population of 100 is similarly minimized through 
meta-analysis. So, we will discuss meta-analysis, but fi rst we will talk about risks of biases  .  

  Biases 
   A bias is a systematic error as opposed to a chance error. Chance causes the results of trials to 
vary as the preceding simulations demonstrated. Th ose simulations also demonstrated that 

 Figure 15.3      Figure combining 
 Figures 15.1  and  15.2 , plotting 
the right-skewed distribution 
of  P  values versus the relative 
risk (RR) of each simulated 
experiment. The  P  values from 
trials with 20 participants per 
group, which had a power of 
5%, are more widely distributed 
to the left and right of the 
other two distributions (black 
contours). The distribution of  P  
values from trials that recruited 
80 participants per group (power 
21%) forms a narrower band of 
 P  values between the other two 
distributions (gray contours). The 
distribution of  P  values from trials 
that recruited 320 participants 
per group (73% power) form a 

narrow concentrated band of  P  values (white contours), 73% of which are less than 0.05, predominantly around the 
true RR of 0.75 (vertical dashed line).  
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if one relied upon the results from RCTs with small power and small  P  values, one would get 
a less correct answer than relying upon the results from RCTs with small power and large  P  
values. Th is is ironic, as the emphasis on trials with small  P  values is driven by the desire to 
get the answer right and is due to the misinterpretation of the  P  value as the likelihood of 

 Table 15.2      Results of simulated RCTs and meta-analyses for an antiemetic drug for which the RR of 
postoperative vomiting is 0.75  

Control rate  10% 20% 30%

Group size 20 50 100 20 50 100 20 50 100

Power (%  P  values ≤0.05) 1 3 6 3 6 12 6 13 26

Programmed average values

  Does vomit

  Control 2 6 10 4 12 20 6 18 30

  Drug 1.5 4.5 7.5 3 9 15 4.5 13.5 22.5

  Does not vomit

  Control 18 44 90 16 38 80 14 32 70

  Drug 18.5 45.5 92.5 17 41 85 15.5 36.5 77.5

  Patients per 100 treated who 
benefi t

2.5 2.5 2.5 5 5 5 10 10 10

Average relative risks of 
simulated RCTs

True value

  RCTs any  P 

  ‘Mean’ 0.75 0.86 0.94 0.84 0.95 0.83 0.78 0.82 0.77 0.76

  Meta-analysis 0.75 0.81 0.78 0.77 0.79 0.76 0.76 0.77 0.76 0.75

  RCTs  P  ≤ 0.05

  ‘Mean’ 0.75 0.11 0.47 0.43 0.35 0.41 0.45 0.39 0.48 0.59

  Meta-analysis 0.75 0.16 0.22 0.33 0.22 0.34 0.44 0.32 0.48 0.59

  RCTs  P  > 0.05

  ‘Mean’ 0.75 0.88 0.96 0.86 0.97 0.85 0.83 0.85 0.82 0.82

  Meta-analysis 0.75 0.82 0.79 0.80 0.80 0.80 0.81 0.80 0.80 0.82

Overestimate of benefi t per 100 
(simulated true)

  RCTs any  P 

  ‘Mean’ 0 −1.1 −2.3 −0.9 −4.0 −1.8 −0.7 −2.9 −1.2 −0.5

  Meta-analysis 0 −0.6 −0.3 −0.2 −0.7 −0.3 −0.2 −1.0 −0.3 −0.2

  RCTs  P  ≤ 0.05

  ‘Mean’ 0 6.4 3.3 3.3 8.0 8.1 6.0 14.3 13.1 6.5

  Meta-analysis 0 5.9 6.4 4.2 10.6 9.9 6.2 17.4 13.0 6.3

  RCTs  P  > 0.05

  ‘Mean’ 0 −1.3 −2.5 −1.1 −4.4 −2.5 −1.5 −4.1 −3.4 −3.0

  Meta-analysis 0 −0.7 −0.5 −0.5 −1.0 −1.0 −1.2 −2.2 −2.4 −2.8
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getting the answer wrong. As an aside, remember that power is synonymous not only with 
the number of participants, but also higher control rates and intervention eff ects: an RCT 
with fewer participants can be more powerful than one with more participants. 

 Th e previous simulations did not introduce any bias into the RCTs. What would happen 
if trial results were intrinsically biased or if their publication was extrinsically biased? Th e 
common “domains” of intrinsic bias in RCTs are: selection bias;  performance bias;  detection 
bias;  attrition bias; and reporting bias[ 6 ]. Th e results of trials are most profoundly biased 
the earlier the allocation is revealed in the course of the experiment, i.e., in the sequence 
listed in the preceding sentence. Most of the time we cannot confi rm what happened in tri-
als but we can read what the authors report. Trials that clearly report an eff ective method to 
prevent people knowing what the next allocation is report weaker eff ects for interventions, 
as do trials that maintain allocation blinding during administration of the intervention and 
control[ 7 , 8 ]. Th e increase in treatment eff ect associated with allocation revelation becomes 
less of a problem with subsequent steps in the course of the experiment, the detection of 
outcomes and the loss of participants during follow-up.   Th e communication of the harm 
and benefi t of an intervention can also be warped by authors choosing what to report once 
they know their results, as well as by authors choosing whether or where to submit a paper 
for publication. Th e “publication bias” that has stereotyped journal editors as rejecting trials 
with “statistically insignifi cant” results is more realistically viewed as an amalgam of behav-
iors by authors as well as journals  . 

   Th e results of meta-analyses will be biased if they include biased RCTs. In addition, the 
authors of meta-analyses can introduce biases in similar methodologic domains as those 
that aff ect RCTs, particularly in the prominence given to some results over others and the 
misinterpretations that authors make  .  

  Meta-analysis 
 Meta-analysis appears to be the best way to synthesize trials of PONV that predominantly 
have low power. One large RCT, for instance Wallenborn et al.[ 9 ], reduces the utility of a 
meta-analysis to determine the point estimate of eff ect, but meta-analysis remains useful 
in exploring the interaction of antiemetic eff ect with other variables. Th ere are two related 
reasons why there is a disparity in  Table 15.2  between the primitive mean RR and the point 
estimate generated by meta-analysis of the same simulated data.   Th e RRs generated by two 
trials can have very diff erent precisions, a characteristic that is not taken into account by 
taking their mean: the best estimate of the real eff ect would be weighted towards the more 
precise RR. Th e RR is not a linear scale, in that the error around a RR is only symmetrical as 
a logarithm, so meta-analysis takes this scaling into account  . Th e pooled estimate of eff ect 
generated by a meta-analysis and the error around that estimate depend upon the analysis 
method and the distribution of variables in the analysed RCTs: the distribution of partici-
pant numbers amongst the RCTs, the distribution of power amongst RCTs, the distribution 
of control rate values in the RCTs and the distribution of eff ects in the RCTs[ 10 ]. 

 Th is author generated  Figure  15.4  from simulated meta-analyses based upon the ap-
proximate total number of participants in RCTs of granisetron (left  plot, 2,800) and of meto-
clopramide (right plot, 16,000). In order to show the eff ects of total participant number and 
their distribution between RCTs, 0.75 (vertical black dotted line) was used as the rate ratio 
in all simulations. Th e graph shows the cumulative distribution pooled RRs (95% CI) from 
1,000 meta-analyses with participants distributed in a few large RCTs (black lines) or in 
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many small RCTs (grey lines). More total participants generate more precise estimates of 
the RR (right plot). Distribution of the same number of participants into more but smaller 
RCTs (grey lines) slightly reduces accuracy, but this eff ect is less than the improvement in 
precision that results from having more participants.    

 Th ese simulations show that a consistent antiemetic eff ect is compatible with a range of 
estimated eff ects, even when large numbers of patients and RCTs are analyzed. Th ere is no 
single “truth.” So the result of a single meta-analysis is consistent with a range of “true” anti-
emetic eff ects that is estimated by the 95% CI of the median simulation (0.5 on the vertical 
“cumulative proportion” axis). However, when there is a single meta-analysis one does not 
know how close to the median value the result is, an example of “meta-uncertainty.” Th ere are 
many meta-analytical statistics but only two standard models to weight the results of diff er-
ent RCTs: random-eff ects and fi xed-eff ect. Th e   random-eff ects model assumes that the anti-
emetic can have many eff ects and the fi xed-eff ect model assumes that the antiemetic always 
has the same eff ect, with diff erences in results between RCTs being due to sampling variation 
and known interactions with covariables. Th e principle of the random-eff ects model is more 
attractive as it does not depend upon a special unique eff ect and it does not assume that one 
knows all the diff erent variables that can interact with the antiemetic eff ect.   Unfortunately, 
trials with lower power are given more weight by the random-eff ects model  . As discussed 
previously, RCTs with low power are inaccurate. An accurate pooled estimate depends upon 
“statistically insignifi cant” low-powered RCTs because “statistically signifi cant” low-powered 
RCTs will give inaccurate results. An imbalance in the proportions of signifi cant and insig-
nifi cant RCTs will skew the results  . 

 A meta-analysis is an observational study of trial results. Th e results of a meta-analysis 
are sensitive to the assumptions one makes in the analysis of trial data that are usually only 
available as summary measures of populations, rather than the much more powerful ana-
lyses that can be conducted on the data from individual participants in multiple trials. It is 
therefore reasonable to analyze the same results in multiple ways to assess the consistency 
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 Figure 15.4      Simulations of 
meta-analyses of randomized 
controlled trials. There are fewer 
participants in the meta-analyses 
in the left-hand plot (2,800) and 
more in the meta-analyses in the 
right-hand plot (16,000). The true 
relative risk (RR) of postoperative 
nausea and vomiting with the 
antiemetic in both plots is 0.75 
(horizontal axis). There are three 
pairs of lines: the center pair are 
the cumulative RRs;  the pairs 
either side are the 95% confi dence 
interval, the 2.5 percentile (left) 
and 97.5 percentile (right). The 
left of each pair of cumulative 
lines is generated by simulations 
of meta-analyses containing a 
few large studies;  the right of 
each pair is from meta-analyses of 

many smaller studies. As  Figures 15.1 – 15.3  have shown, larger studies more accurately measure the true RR of 0.75, 
with accuracy being better with more participants in the simulated meta-analyses (right plot).  
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of the results in the face of diff erent analytical methods. Importantly the prominence given 
to a result generated by one method at the expense of a result generated by a diff erent 
method should not be determined by the result, otherwise researchers will just pick the 
result that they “like.” Th is is one reason why protocols for any trial, whether an RCT or a 
meta-analysis, should be published before the trial starts. Th ere are a number of online fa-
cilities for registering trials, whilst the Cochrane library and a number of journals publish 
protocols. One can also check the data of trials to determine whether the correct analyses 
have been performed. Authors of RCTs rarely make their raw data public, although this is 
changing. Conversely, the “raw” data used in systematic reviews are already in the public 
domain. Th is author spends much of his time checking the retrieval and analyses of data in 
systematic reviews that are submitted to the journal for which he edits, which is also what 
he did as an editor for the Cochrane collaboration. As an author of a Cochrane systematic 
review, this author has retrieved and analysed nearly 1,000 RCTs, which led to an interest in 
the work of Fujii et al. and his subsequent work on fraud  [ 11 ].  

  Fraud 
   We have seen that chance and bias overestimate treatment eff ects. Invented data could have 
any eff ect, but one might reasonably suppose that fabricated data would also contribute to 
overestimating an eff ect. We do not know how much published research has been fabri-
cated. We do know that 0.004% of biomedical papers have been retracted, over half of which 
for fraud. 

 Th e most profl igate biomedical fraudster is Dr. Yoshitaka Fujii, who authored 193 RCTs. 
Investigations by his various employers failed to confi rm the validity of 183 RCTs[ 12 , 13 ]. Dr. 
Fujii et al. authored most of the RCTs that investigated granisetron for PONV, for instance 
40/63 RCTs that reported postoperative vomiting. Granisetron’s eff ect in these fraudulent 
papers was 1.3–2.5 more than the eff ect in RCTs published by authors other than Fujii et al. 
Dr. Fujii also overestimated the eff ect of ramosetron in fraudulent RCTs[ 14 ]. 

 We know that others have fabricated biomedical research, anesthesiologists amongst 
them. Th ere is evidence that there remain unretracted fabricated papers, and there are likely 
to be many more. Given Dr. Fujii’s fraudulent overestimate of eff ect, combined with similar 
fi ndings for Drs Boldt, Poldermans and Reuben[ 15 – 17 ], this author concludes that fraud 
contributes to the overestimation of eff ect that already results from chance and biases  .  

  Summary 
   Most individual antiemetic RCTs have little power. For most single antiemetic RCTs, it 
would be incorrect half the time if a  P  value <0.05 was used to indicate an antiemetic eff ect 
and a  P  value >0.05 to indicate its absence. If only RCTs with  P  values <0.05 are used to cal-
culate an antiemetic eff ect, it could be believed that the antiemetic prevents nearly twice as 
much PONV as it really does. If, unusually, only RCTs with  P  values >0.05 are used to calcu-
late an antiemetic eff ect, this would be closer to the truth, and it could be believed that the 
antiemetic prevents 80% of the PONV that it does  . 

   Th e meta-analytic result least likely to be misinterpreted is the rate ratio (risk ratio or 
RR). If the odds ratio from a meta-analysis is thought to be the antiemetic eff ect, it could 
be believed that both the relative and absolute eff ects increase with the control PONV rate, 
and the relative antiemetic eff ect would be overestimated by 5–40%, the exact amount de-
pending upon the control rate and antiemetic intervention. However, the rate ratio also 
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probably overestimates the antiemetic eff ect due to the intrinsic and extrinsic biases that 
aff ect published RCTs, as well as because of fraudulent data. Overestimation of eff ect may be 
further compounded by the weights given to small RCTs in the random-eff ects model. Th e 
antiemetic eff ects of newer drugs will be generally less precise and will be overestimated, a 
problem contributed to by commercial sponsorship, publication bias and early truncation 
of trials  . 

 Over 1,000 RCTs have tested drugs to prevent PONV in over 150,000 participants, so the 
total number of RCTs that have tested prophylactic interventions and interventions to treat 
PONV probably exceeds 2,000 with over 300,000 participants. PONV is amongst the most 
extensively studied medical events. Anesthesiologists and other researchers should default 
to the belief that PONV does not require more primary research, at least not until we have 
examined better the research that has already been done and, perhaps, not ever. Further 
research might slightly increase the precision of how uncertain we are about the eff ects of 
interventions. We would spend our time more eff ectively instituting reliable methods of 
delivering the antiemetic prophylaxis and treatment that people want.   
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    Chapter 

   Why it is important to prevent postoperative 
nausea and vomiting 
   More than 230 million major surgical procedures are performed worldwide each year[ 1 ]. 
Postoperative nausea and vomiting (PONV) is among the most frequently observed adverse 
events associated with anesthesia. Moreover, it is distressing to patients and impairs the 
quality of recovery as judged by the patients and anesthesiologists alike. Despite pharma-
cologic prophylaxis, the rate of PONV remains about 20–30%, and is oft en even higher[ 2 ]. 
  Unresolved PONV may result in prolonged facility stay (e.g., in the postanesthesia care 
unit (PACU)) and unanticipated hospital admission or even readmission in adults and chil-
dren, which has the potential to signifi cantly increase overall healthcare costs[ 3 , 4 ]. Further, 
PONV signifi cantly aff ects patient’s well-being and is among the important determinants 
of patient satisfaction with perioperative care  [ 5 ]. Th e goal of PONV prophylaxis is there-
fore to decrease the risk of PONV with its associated patient-related distress and to reduce 
healthcare costs. 

 PONV prevention, however, invariably involves costs. Since these interventions exert 
a benefi cial eff ect only if there is a certain event rate for PONV (“no pain, no gain”), 
the restriction of preventive measures to patient populations with increased risk makes 
intuitive sense from an economic point of view, and also to only expose patients to risks 
(e.g., adverse reactions to drug exposure) if there is justifi cation to do so due to an associ-
ated gain in patient satisfaction or quality of recovery, or the avoidance of more severe 
morbidity. 

   Consequently, in the 2003 Society for Ambulatory Anesthesia (SAMBA) PONV guide-
lines[ 6 ], there was more or less general agreement with the advice in Guideline 6 to “ use 
prophylaxis  in patients at high risk for PONV and  consider   prophylaxis  in patients at moder-
ate risk for PONV.” Th is principle that prophylaxis is likely to be useful only for patients at 
moderate-to-high risk for PONV was based on two main assumptions.  

  (1)   Th e ability to correctly predict who will develop PONV.  
  (2)   If a treatment eff ect in a population is low or below a defi ned threshold, the adminis-

tration of an antiemetic may not be justifi ed  .    

 Implementing postoperative 
nausea and vomiting 
management guidelines        
    Peter   Kranke     
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Chapter 16: Implementing postoperative nausea, vomiting management guidelines 171

  Traditionally applied effi  cacy hurdles for prophylactic 
interventions 
     Historically, the use of prophylactic antiemetics is generally considered futile if the number 
needed-to-treat (NNT) of such an intervention exceeded the value of “5.” In this context, an 
NNT indicates the number of patients who needed to receive a particular antiemetic inter-
vention to prevent one emetic event that would have occurred had the patient not received 
the intervention[ 7 ]. 

   Considering the variable control event rate (CER) observed in diff erent institutional 
settings, transferring the concept of the NNT as a parameter to classify the effi  cacy of 
prophylactic antiemetics may be misleading. Th e NNT depends on two fi gures: the CER in 
a given patient population in which the antiemetic prevention is applied, and the effi  cacy of 
an intervention or combined (multiple) interventions. In any real-world scenario, further 
determinants skew this simple calculation and contribute to the gap between effi  cacy of a 
defi ned strategy in randomized trials and the eff ectiveness observed in routine clinical prac-
tice. Among others, these determinants are: 

•   the ability to correctly identify the risk of patients to suff er from PONV  
•   the guideline adherence, and thus the proportion of patients who actually receive 

prophylactic antiemetics according to a suggested algorithm  
•   further variables, such as discrepancies in response rate between study populations and 

real-world patient populations.    

 Th e average event rate of PONV varies widely as reported in observational studies, ran-
domized controlled trials (RCTs) and systematic reviews. In one very large multifactorial 
trial of six prophylactic antiemetic interventions, 26 of 44 (59%) patients receiving no active 
interventions had PONV[ 8 , 9 ]. Although in shorter procedures, e.g., ambulatory patients 
receive less emetogenic anesthesia with little exposure to opioids, the overall prevalence may 
only be 5% or 10%[ 10 ]. Th us, in a comprehensive Cochrane review of drugs for the preven-
tion of PONV, the CER (placebo or no treatment) varied widely from almost nil to close to 
100%  [ 11 ]. 

   Moreover, the reported PONV prevalence is highly dependent on the duration of obser-
vation[ 12 ]. For example, the prevalence in a recent observational study was 15% (86/560) in 
the PACU, but was 31% (172/560) during the fi rst 24 postoperative hours[ 13 ]. Additionally, 
PONV appears to be underreported in routine clinical care. In the same observational report, 
only about 40% (36/86) of those with PONV immediately aft er surgery were recorded as 
such by the responsible nursing staff [ 13 ]. Th is does not necessarily represent substandard 
care, but highlights the fact that many other issues could have distracted the attention of the 
responsible staff  so that complaints of potentially minor importance, such as a patient feel-
ing mildly nauseated, fall into oblivion  . 

 Another aspect that adds complexity to these estimates is the fact that the severity of 
PONV is not a binary outcome and there may be a greater burden to some patients than 
others. Recent reports suggest that approximately one-third to one-half of those with PONV 
are severely aff ected, with negative impact on quality of life and convalescence as well as 
delayed discharge aft er ambulatory surgery  [ 14 ].  
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  Risk-based approaches to prevent PONV 
   Recommendations for the administration of antiemetic interventions traditionally support the 
application of a “valid assessment of the patient´s risk for postoperative vomiting (POV) or 
PONV”[ 15 ]. Further, according to various guidelines, when developing a management strategy 
for each individual patient, the choice should be based on patient preference, cost-effi  ciency, 
level of PONV risk and patient’s pre-existing condition (e.g., avoid QT prolonging antiemet-
ics in patients with prolonged QT syndrome and transdermal scopolamine in closed-angle 
glaucoma patients). Such recommendations are based on the premise that antiemetics and 
other interventions eff ectively reduce the baseline risk for PONV in “high-risk patients,” i.e., 
patients who actually need antiemetic prevention. Th is would save costs and prevent pharma-
cologic exposure, and eventually the occurrence of adverse eff ects, among patients who will 
not vomit anyway. Assuming that each antiemetic intervention is associated with a defi ned 
relative risk reduction (RRR) that has been determined by clinical trials and meta-analyses, 
this RRR translates into an absolute risk reduction (ARR) that depends mainly on the CER in 
a given patient population. If the CER is high (e.g., 60%), then an antiemetic with an RRR of 
30% reduces the incidence in that population to 42%. Consequently, the ARR would be 18%. 
Th is means that approximately six patients (1/0.18) need to be treated with antiemetics for 
one to stay completely free from PONV. If, using the same antiemetic with similar effi  cacy, in 
a cohort of patients with a CER in the range of 10%, the ARR would equal 3%, and approxi-
mately 33 (33 = 1/0.03) patients need to be treated for one to benefi t from the administration 
of antiemetics in that population. With such a high NNT of “33” it seems at fi rst sight hard to 
justify the exposure of many patients who do not need the prophylactic antiemetic anyway for 
the sake of one patient who stays completely free from PONV  [ 16 ]. 

 Th e problem, however, with such a reasoning is that there remain many imponderables. 
Th e most infl uencing factors rendering these assumptions in a clinical scenario as valid or 
not are the ability to correctly classify the PONV risk, the acquisition costs of antiemetics, 
the potential of antiemetics to cause adverse eff ects as well as the clinical applicability and 
compliance with guidelines depending on their structure (e.g., general multimodal preven-
tion versus various risk-adapted approaches or a combination of these approaches). 

 A major determinant in such an approach is the validity of prognostic factors.  

  Prognostic factors to guide antiemetic prophylaxis 
   A risk factor for PONV is any factor that is associated in one or more studies with either a 
higher or lower risk. Since the beginning of anesthesia provision, many risk factors have 
been associated with PONV. Even though there is strong evidence for some risk factors, 
none of those risk factors taken in isolation is clinically suffi  cient for a risk assessment. 
Several factors, such as female gender and history of PONV and/or motion sickness, were 
published as early as 1960 using simple cross-classifi cation methods[ 17 , 18 ]. Starting in 
the 1990s, following the development of widely available statistical soft ware for auto-
matic variable selection, studies have been performed using stepwise logistic regression 
analysis to prospectively identify risk factors for PONV in various cohorts of patients. 
Koivuranta et al.[ 19 ] and Apfel et al.[ 20 ] identifi ed some important risk factors that form 
the basis for scoring systems:  female gender, history of PONV/motion sickness, non-
smoking status, the use of postoperative opioids and the duration of surgery or anes-
thesia[ 21 ]. However, many other risk factors have been identifi ed and summarized by 
Apfel et al.[ 22 ], and these can be divided into patient risk factors, anesthetic technique 
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and surgical procedure.   Patient risk factors, for instance, include female gender, non-
smoking status, previous history of PONV/motion sickness, and genetic predisposition 
(e.g., metabolizer status with respect to opioid metabolism or degradation of antiemet-
ics)  . Anesthetic factors include the use of inhalation agents, nitrous oxide and intraop-
erative and postoperative opioid use. Surgical factors include longer duration of surgery 
and diff erent operative procedures. 

   Eberhart et al. identifi ed slightly diff erent risk factors in children than in adults, which 
included duration of surgery >30 min, age >3 year, strabismus surgery and a history of POV 
in the patient or in a parent or sibling  [ 23 ]. 

 Relying on a single prognostic factor usually leads to undertreatment in a large cohort of 
patients without that specifi c factor. For instance, restricting antiemetics to female patients 
(the prognostic factor associated with the highest risk in many investigated populations[ 24 ]) 
would lead to undertreatment in male patients. Th erefore, the combination of multiple prog-
nostic factors summarized in prognostic models gained some popularity  [ 25 , 26 ].  

  Prognostic models to stratify antiemetic prevention 
 A prognostic model for PONV is a numeric representation estimating the likelihood of this 
event given a set of prognostic factors. A probability prediction rule assigns a probability to a 
patient for the occurrence of a specifi ed event. Th e raw materials for developing a probability 
prediction rule on PONV are covariates recorded prior to and sometimes during surgery and 
anesthesia, or are supposed to occur in the postoperative period (e.g., postoperative opioid 
consumption). Essentially, the same commonly used method (stepwise logistic regression) 
to identify risk factors can estimate a statistical model relating a linear combination of the 
covariates to the binary outcome. Multiple prognostic models have been published and are in 
use[ 27 ]. Th e extent of internal and external validation of the discrimination and calibration 
properties, however, varies considerably. Th ese questions are currently investigated in an on-
going Cochrane project on prognostic factors and prediction models for PONV[ 28 ].  

  Stratifi ed medicine by a risk-based PONV prevention 
   Stratifi ed management is the tailoring of therapeutic decisions to specifi c groups of patients 
based on their relative risk of an event[ 29 ]. Th e baseline risk of PONV in an individual hav-
ing a specifi ed surgical and anesthetic may be assessed using a validated risk score that is 
based on the (weighted) sum of independent predictors. In turn, prognostic models have 
been used to adopt guidelines for preventative therapy[ 30 ]. Th ere are confl icting results on 
the use of PONV risk scores to signifi cantly reduce the institutional rates of PONV[ 31 ]. 

 Following an enthusiastic uptake of totally risk-adapted approaches to prevent PONV 
with zero prevention in supposed low-risk patients[ 25 ], there has been an intense debate 
and discussion about whether these approaches actually work in a busy and varied clinical 
environment[ 32 – 34 ].  

  Shortcomings and pitfalls of strictly risk-based 
PONV-prevention algorithms 
 Although the general principle that prophylactic antiemetic prevention confers benefi t in 
patients with increased baseline risk, as recommended by the current SAMBA consensus 
guidelines, is valid, there are some concerns raised in adopting a strictly risk-based approach. 
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   In the revised 2014 SAMBA guidelines[ 35 ], Guideline 7 states that clinicians should 
“ensure PONV prevention and treatment is implemented in the clinical setting.” Taking 
into account that study settings (ideal world) and clinical routine (real-life setting) oft en 
diff er to a large extent, sometimes more pragmatic approaches are needed in busy clinical 
environments. 

 Th e most recent guidelines stated that “measures must be put in place to determine 
whether suggested algorithms for the management of PONV are actually implemented as 
standard operating procedure in clinical settings and that these practices lead to improve-
ment of PONV management  .” 

 Of note: it should be kept in mind that these new recommendations do not intend to dis-
credit the value of prognostic models for various purposes. Clinical risk models have made 
substantial contributions to eliminate presumed risk factors so that more reasonable risk 
assessment is now feasible for patients and especially patient cohorts[ 19 , 21 , 23 ]. 

 It is important to note, however, that no risk model can accurately predict the likelihood 
of an individual having PONV (which can essentially only be “yes” or “no”) rather, they 
allow us to estimate the risk for PONV among patient groups[ 36 ]. 

 As already outlined, the overall performance and validity of stratifi ed approaches mainly 
rest upon: 

•   the ability to correctly classify the PONV risk  
•   the potential of antiemetics to cause adverse eff ects  
•   the acquisition costs of antiemetics  
•   the clinical applicability and compliance with strictly stratifi ed algorithms  .    

  Ability to correctly classify the PONV risk 
 Problems and ambiguities may arise, for instance, in the prospective determination of what 
constitutes “postoperative opioid therapy.” Should 2 mg of morphine equivalent given in the 
PACU be considered as a risk factor? Should feeling sick during a bumpy helicopter fl ight 
be considered as motion sickness, or not until the patient confi rms that even sitting on the 
co-driver’s seat evokes feeling of nausea or even vomiting? Assessing “smoking status” seems 
simple at fi rst sight. But should smoking one cigarette once a week be considered the same as 
one pack per day? And how about a past history of smoking? Should this fact be considered 
a valid argument to down-score the individual risk assessment? Whilst the dichotomous 
assessment of the “PONV history” per se is straightforward, the interpretation remains a 
matter of debate. If we consider a patient who developed PONV aft er one of a previous four 
anesthetics, it is more than questionable whether this fact is truly a risk factor or whether 
we should rather consider the fact that three out of four anesthetics passed uneventfully so 
could be viewed as a sign for being less susceptible towards an emetogenic stimulus. Further, 
patients can rarely report whether this outcome has been achieved without or with (mul-
tiple) antiemetic prophylaxis that further complicates easy judgment. Th ese shortcomings 
should not discredit the reliability of a risk score based approach. In fact, observational trials 
have shown that: 
•   the allocation of patients to risk groups has been successful, and the predicted risk 

corresponded to an observed incidence of PONV in the patient cohorts[ 37 ], and  
•   a risk-adapted PONV protocol may eff ectively reduce the institutional PONV 

incidence  [ 25 ].     
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  The acquisition costs of antiemetics 
   Th e costs of most antiemetics have decreased dramatically during recent years as generic ver-
sions have become available. Further, the respective acquisition costs vary to a large extent 
from country to country and among diff erent institutions. Acquisition costs also depend on 
the amount of ordered quantities, which means that a more liberal prophylaxis may result in 
lower costs per patient. Published analyses suggest that “PONV prophylaxis is cost-eff ective 
with the older, less expensive drugs when patients have a 10% or more risk of emesis”[ 38 ]. 
Lower drug acquisition costs may even support PONV prophylaxis in patient groups at a 
lower risk for PONV. Newer antiemetics are associated with greater costs, but older drugs 
should not per se constitute a relevant obstacle to a liberal administration of antiemetics. 
However, the argument to use well-proven drugs with moderate costs and to save more 
costly interventions for treatment (if available as an IV formulation) remains valid  .  

  Potential for antiemetics to cause adverse eff ects 
   Th e safety of antiemetics is well established considering the huge amount of clinical data 
available and their summary in valid meta-analyses[ 11 ]. Limited adverse eff ects have been 
associated with antiemetics if minimum eff ective doses are used. It is, however, of utmost 
importance that awareness exists for real contraindications for the use of the available sub-
stances (e.g., dopamine D 2 -antagonists and Parkinsonism, and corticosteroids in patients at 
risk for tumor lysis syndrome), and to have a look at potential contraindications in patients 
with prolonged QT interval and consider alternative preventive measures. But these precau-
tions need to be in place irrespective of a restrictive or rather liberal antiemetic prevention  .  

  Clinical applicability and compliance with guidelines 
   It is accepted knowledge that a risk-adapted PONV protocol may eff ectively reduce the insti-
tutional PONV incidence[ 25 ]. When transferring such results to routine care of patients, it 
has to be considered that the results of such a protocol were obtained in a clinical study that 
had good compliance with the proposed algorithms, which is in contrast to most clinical 
settings with less strict adherence to suggested pathways[ 39 , 40 ].  

  Clinical eff ectiveness of PONV protocols 
 As observed with other settings and pharmacologic preventive measures, eff ectiveness may 
be diff erent from effi  cacy evaluations. Th e latter may be partly due to poor compliance with 
existing protocols. Th is is especially true in the area of PONV prevention and treatment, where 
irrespective of tremendous amounts of research fi ndings in RCTs, observational studies have 
shown that existing clinical guidelines for PONV prevention (even if present in the intranet 
or in the format of a booklet) are poorly implemented. Th is phenomenon was demonstrated 
for adults[ 41 ] and pediatric patients[ 42 ]. Th erefore, some studies suggest the introduction 
of electronic reminders to improve compliance with standard operating procedures[ 43 , 44 ]. 

   Th e argument that poor education is the root cause for the reluctance to administer 
appropriate antiemetic prophylaxis seems to be invalid, since a study has shown that the 
problem may even persist aft er intense educational activities[ 40 ]. In this study, even aft er 
training and continuous provider feedback, only 47% of the patients at moderate risk (two 
risk factors present) and 37% of the patients at high risk (three risk factors present) actu-
ally received the scheduled prophylactic treatment using a very simple algorithm, which 
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suggested administering one antiemetic per risk factor. In contrast, almost all patients 
received single antiemetic prophylaxis, which was the de facto standard at the site where the 
study took place. Th e message here is that “keep it simple” does not seem enough;  a suffi  -
cient PONV prevention needs to be self-evident and fully accepted in the clinical routine  .     

  Is “early treatment” a better alternative to manage PONV? 
   Arguing that treating PONV only aft er symptoms occur is as eff ective and as appropriate 
for patients as prevention – which may be true for a clinical trial scenario[ 45 ] – disregards 
the fi ndings of a recent trial showing that   PONV symptoms, and nausea in particular, are 
frequently missed in a busy clinical scenario[ 13 ]. Th is observational study shows that only 
42% and 29% of PONV episodes were actually detected by the nursing staff  in the PACU 
and on the ward, respectively  . It should be noted that indeed there are some arguments 
in favor of an aggressive (maybe multimodal) treatment. However, such a concept would 
clearly  demand a very alert environment in which patients are: 

•   adequately informed and encouraged to report any signs of nausea, and  
•   prompt treatment is ensured.    

 Th ese two arguments prohibit an approach based on aggressive treatment rather than multi-
modal prevention in children, where symptom assessment, especially with respect to the 
feeling of nausea, is restricted. Further, such an approach is incompatible with busy en-
vironments where nursing staff  and physicians are busy and a close monitoring of PONV 
symptoms and an appropriate response (instant and eff ective treatment) cannot be ensured  . 

   In summary, the clinical applicability of fully risk-adapted approaches with zero preven-
tion in presumably low-risk cohorts may be impaired and appear questionable due to the 
following factors.  

•   Even well-established risk scores are imprecise when it comes to the prediction 
of individuals at-risk to suff er from PONV. Th is may be in part explained by the 
ambiguity regarding the prognostic ability of some of the risk factors.  

•   Th e potential of antiemetics to cause adverse eff ects is low for most of the standard 
antiemetics given in an appropriate (low) dose and provided contraindications are 
considered.  

•   Th e acquisition costs of antiemetics have declined in recent years so that the acquisition 
cost, and thus the argument to withhold antiemetics due to this factor, plays a less 
important role.  

•   Unfortunately, even in clinical trials, the compliance with strictly stratifi ed algorithms 
is surprisingly low, constituting an argument for a more liberal use of prophylactic 
(multimodal) antiemetics.   

 Although the actual use of antiemetics may not be considerably diff erent between a 
risk-adapted PONV-prevention algorithm with zero prevention in low-risk patients 
( Table 16.1 ) and a PONV-prevention algorithm with multimodal prevention in all patients, 
including low-risk patients plus additional interventions for high-risk patients ( Table 16.2 ), 
the latter may be better suited in a busy clinical setting and is more likely to ensure that 
research results actually translate into clinical benefi t for patients. Th e given example algo-
rithms may help to set up an institutional PONV policy, by replacing the wildcards (“A,” “B,” 
“C,” etc.) with specifi c antiemetics from diff erent classes.        
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 Table 16.1      Risk-adapted PONV-prevention algorithm with no prevention in low-risk patients[ 35 ]    

 Estimated risk for PONV (e.g., as determined by a risk score) 

Low Medium High

 Interventions 
for prophylaxis 

No prevention 
(“wait-and-see”)

Drug A + Drug B or TIVA Drug A + Drug B + TIVA  
On a case-by-case 
decision: further 
interventions

 Interventions 
for treatment 

1. Drug B  
2. Drug C (in case of 
ineff ectiveness of treatment 
in stage 1) (i.e., Drug B)

1. Drug C  
2. Drug D (in case of 
ineff ectiveness of 
treatment in stage 1) 
(i.e., Drug C)

1. Drug C  
2. Drug D (in case of 
ineff ectiveness of treatment 
in stage 1) (i.e., Drug C)

  Example interventions: Drug A = dexamethasone 4 mg in adults/0.15 mg/kg of body weight in children;  Drug 
B = ondansetron 4 mg in adults/0.1 mg/kg of body weight in children;  Drug C = droperidol 1 mg in adults/10 
to 15 ng/kg of body weight in children;  Drug D = dimenhydrinate 1 mg/kg of body weight in adults/0.5 to 
1.0 mg/kg of body weight in children. The given drug examples are used to illustrate how the algorithm may 
be implemented but may not represent the most favorable approach. The latter may be context-sensitive 
(children, adults or other issues). In the event of treatment failure, a timely assessment and alternative 
antiemetics should be used. A multimodal treatment approach may be appropriate to increase the likelihood 
of success. TIVA = total intravenous anesthesia, that is, propofol induction and maintenance, no nitrous oxide. 
 Of note: when replacing “wildcards” with actual drug names, it is important to judge whether the specifi c 
option makes sense from a pharmacokinetic point of view. For instance, it would not be a suitable option to 
use dexamethasone as Drug B in the algorithms being scheduled for single rescue treatment (slow onset of 
action).  

 Table 16.2      Combination PONV-prevention algorithm in all patients including low-risk patients  plus  additional 
interventions for high-risk patients[ 35 ]  

 Estimated risk for PONV, for example, as determined by a risk score 

Low Medium High

 Interventions 
for 
prophylaxis 

Drug A + (Drug B or TIVA) Drug A + (Drug B or TIVA) Drug A + Drug B + TIVA  
On a case-by-case 
decision: further 
interventions

 Interventions 
for treatment 

1. Drug C  
2. Drug D (in case of 
ineff ectiveness of treatment 
in stage 1) (i.e., Drug C)

1. Drug C  
2. Drug D (in case of 
ineff ectiveness of treatment 
in stage 1) (i.e., Drug C)

1. Drug C  
2. Drug D (in case of 
ineff ectiveness of treatment 
in stage 1) (i.e., Drug C)

  Example interventions: Drug A = dexamethasone 4 mg in adults/0.15 mg/kg of body weight in children;  Drug 
B = ondansetron 4 mg in adults/0.1 mg/kg of body weight in children;  Drug C = droperidol 1 mg in adults/10 
to 15 μg/kg of body weight in children;  Drug D = dimenhydrinate 1 mg/kg of body weight in adults/0.5 to 1.0 
mg/kg of body weight in children. 
 The given drug examples are used to illustrate how the algorithm may be implemented but may not represent 
the most favorable approach. The latter may be context-sensitive (children, adults or other issues). In the event 
of treatment failure, a timely assessment and alternative antiemetics should be used. A multimodal treatment 
approach may be appropriate to increase the likelihood of success. TIVA = total intravenous anesthesia, that is, 
propofol induction and maintenance, no nitrous oxide. 
 Of note: when replacing “wildcards” with actual drug names, it is important to judge whether the specifi c 
option makes sense from a pharmacokinetic point of view. For instance, it would not be a suitable option to 
use dexamethasone as Drug B in the algorithms being scheduled for single rescue treatment (slow onset of 
action).  
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  Liberal general multimodal prevention algorithms 
     Th e factors mentioned under the previous subheadings as shortcomings for strictly 
risk-based prevention protocols, including a “wait-and-see approach” for patients at 
low risk, gave rise to a more liberal recommendation in an updated PONV consensus 
recommendation[ 35 ]. 

 Th e new SAMBA PONV consensus Guideline 8 advises clinicians to “use general multi-
modal prevention to facilitate implementation of PONV policies.” With this new section, 
the shortcomings of strictly risk-based protocols, and particularly the undertreatment 
in low-risk patients receiving no prevention and the appropriate prevention in high-risk 
patients, were tackled. Th e recommendation of the expert panel states that “in view of the 
poor guideline compliance with risk-adapted approaches and no general preventive meas-
ures, multimodal prevention strategy (adjusted with additional measures in high-risk 
patients) may be an option to facilitate clinical implementation.”   Many  observational data 
gathered to assess whether standard operating procedures work in busy clinical environ-
ments support this shift  in paradigm. Th is is particularly true for high-risk patients in 
which the latter procedure may overcome the hurdle to provide multimodal prevention, 
since e.g., two antiemetics are given anyway, which lowers the threshold for the overall 
 administration of three or four preventive measures. In a setting where two antiemet-
ics are given on a routine basis, a third intervention (e.g., a total intravenous  anesthesia) 
should be added if there are hints for an increased risk. Th is approach will result in a sig-
nifi cant benefi t. 

   Some evidence highlighting the inherent trend towards undertreatment has already 
been reported. In a recent study, despite intense educational strategies that resulted in lower 
incidence of PONV, it was surprising to note that no signifi cant diff erence in the rate of 
administration of antiemetic prophylaxis was observed between the overall ‘‘before’’ and 
‘‘aft er’’ patient populations (31.4% versus 36.8%)[ 46 ]. Th e only diff erence was in the rate of 
administration of antiemetic prophylaxis in the high-risk group (with an Apfel simplifi ed 
score of >2), which reached statistical signifi cance (36.4–52.8%). Such observational data 
underscore the observed extremely low compliance with institutional PONV policies. In 
another report, it was stated that only 37% of medium- and high-risk patients received the 
specifi ed prophylaxis, leading to suboptimal PONV prevention in moderate- and high-risk 
patients  [ 47 ]. Interestingly, the report was intended to highlight that PONV prediction ac-
tually works! In this context, we should bear in mind that as long as the change in practice 
does not translate into a signifi cant increase in patient benefi t, such implementation should 
not be recommended. 

 Not surprisingly, fast-track or enhanced recovery protocols oft en incorporate multimodal 
preventive PONV strategies[ 48 , 49 ]. General multimodal strategies may well be a starting 
point to facilitate clinical implementation of better PONV protection of patients[ 50 ]. Such 
approaches may prove more eff ective than strictly risk-based approaches that rely on no pre-
vention in low-risk patients. 

 It is reassuring and encouraging to note that the current SAMBA guidelines explicitly 
state the goal for antiemetic multimodal prevention to become an integral part of anes-
thesia[ 35 , 51 ]. At the end of the day, anesthesia care providers should view PONV prevention 
as self-evident as preventing and treating pain  .  
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  Challenges for everyday practice 
 PONV has been extensively studied and there is excellent evidence to guide clinical practice. 
Perhaps the biggest problem is that many anesthesia providers fail to translate this know-
ledge into changes in practice, and thus patient benefi t[ 33 , 52 ]. 

 We need to accept that some of the adverse events occurring during the course of anes-
thesia are diffi  cult to cope with or cannot be controlled in a suffi  cient manner. However, we 
should accept and be happy that some of the oldest problems associated with anesthesia, i.e., 
PONV, where there is excellent evidence based on myriads of clinical trials, can be managed 
quite eff ectively, provided we apply the attitude of “zero tolerance” and do not accept that 
PONV is a surrogate outcome that does not bother our patients. 

 Th e PONV-free hospital should be a realistic goal as long as we devote eff ort into the 
clinical implementation of PONV protocols. Th e rule of thumb and paradigm for creating 
and implementing PONV protocols should be “the simpler, the better,” with a more liberal 
use of preventive measures than a too restrictive one  .   
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