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SURGICAL AND PATIENT FACTORS INVOLVED IN
POSTOPERATIVE NAUSEA AND VOMITING

J. LERMAN

Seventy-five years ago, Flagg suggested that post-
operative vomiting may result from causes other
than anaesthetics: ““there are at least three kinds of
vomiting”’, the first of which he attributed to
anaesthetics such as ether, the second to reflex
responses, that is pain or ovarian surgery, and the
last to opioids, for example morphine [30]. Before
this report, anaesthetics alone were thought to be
responsible for most postoperative nausea and
vomiting (PONYV). Subsequent investigations un-
folded a spectrum of non-anaesthetic factors in the
pathogenesis of PONYV including age, gender, mo-
tion sickness, body habitus, surgical site and post-
operative feeding procedures. This review sum-
marizes our current understanding of the roles of
two categories of non-anaesthetic factors, patient
and surgical factors, in the pathogenesis of PONV.

Despite the recent advances in modern anaes-
thesia, only modest progress has been made in our
understanding and treatment of PONV. Early
studies reported incidences of PONV as high as
75-80 9, after opioid premedication and prolonged
ether anaesthesia [4, 11, 13, 47, 83, 84]. In many of
these reports, the patient population, premedication,
anaesthetic and the surgical procedure were not
controlled. In the second half of this century,
however, these incidences have decreased by almost
509, for various reasons [7, 8, 16, 17, 24, 31, 45, 46,
59, 62, 70, 74, 80, 85]. Although the most common
reason proffered for this dramatic reduction in
PONYV has been a change in anaesthetic practice
from opioid premedication and deep ether anaes-
thesia to non-opioid or supplemented opioid pre-
medication, lighter non-ether anaesthesia and bar-
biturates [34, 70], there have been no studies to
support this hypothesis. Indeed the difficulty we
have in explaining this reduction in the incidence of
PONV in the past 30 years is symptomatic of the
difficulty in understanding this entire area of the
anaesthetic literature. It is evident that PONYV is
affected by many factors, including age and gender
of the patient, premedication, anaesthetic technique
and medication, postoperative analgesia and regional
blocks, and type of surgery. The paucity of con-
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trolled, randomized, blinded studies makes it ex-
tremely difficult to establish the contribution of any
of these factors, in whole or in part, to the incidence
of PONV. In addition, there is lack of standard-
ization of such basic issues as the period of
observation in the post-anaesthetic period (ranging
in some studies from 2 to 48 h) [7, 17, 22, 25, 34, 40,
53, 55,57,59, 72, 74] and the definition of nausea
and vomiting [21, 34, 50]. As a consequence, the
benefits of more sophisticated statistical analysis such
as meta-analysis to identify causative factors in
PONYV has not been possible. More recently, investi-
gators have undertaken scientifically rigorous studies
under rigid and controlled conditions to identify the
role of patient, surgical and anaesthetic factors in the
incidence of PONV, thereby avoiding many of the
problems of previous studies. It is my expectation
that the contributions of patient and surgical factors
to the incidence of PONV will be firmly established
in the near future by the results of these rigorous
scientific studies.

As the proportion of surgery has changed from
Inpatient to day-case surgery, the importance of
factors associated with post-anaesthetic morbidity
such as PONV has received increasing attention.
The reason for this is a 19 incidence of un-
anticipated admission after day-case surgery [66]. Of
the factors responsible for this admission rate, several
merit consideration, including general anaesthesia,
PONV, lower abdominal and urological surgery,
anaesthetic and surgical time exceeding 1 h and age
[33].

The incidences of PONV have remained fairly
constant at 10 9%, in the recovery room and 309, for
the first 24 h after anaesthesia in several large series
of patients for the past several decades. There may
be several reasons for our lack of progress in reducing
the incidence of this problem. The first is the vague
definitions of PONV in the literature. Nausea
remains a subjective complaint that requires patients
to express their feelings. This complaint is difficult
to elicit in children. In contrast, vomiting is an
objective finding that ranges in severity from
retching to protracted vomiting and may be
quantitated in all age groups, including infants and
children. In some studies, nausea, vomiting and
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TABLE 1. Patient and surgical factors affecting PONV

Patient factors Surgical factors

Age Site of surgery
Body habitus Adenotonsillectomy
Gender Ocular
Delayed gastric Strabismus
emptying Gastric suction
Anaesthetic history Mask ventilation
Motion sickness Gynaecological
Anxiety Duration of surgery
Miscellaneous

Postoperative fluids

retching were recorded whereas in others, only
vomiting was recorded. These inconsistencies have
limited the significance of interstudy analyses. The
second reason is the non-rigorous nature of many of
these studies on PONV. Many of the early studies on
PONV were retrospective and there was no
standardization of anaesthetic technique, patient
population and surgical procedure ; in some instances
control groups and randomization of treatments
were omitted. Because of these inconsistencies in
study design, meta-analysis has been of limited value
in clarifying the roles of these factors in PONV. The
third reason was the relative low priority given to
PONYV as a postoperative complication. As PONV
was not usually a life-threatening postoperative
complication and because most patients were ad-
mitted to hospital for at least one night after surgery,
there was little incentive to pursue this problem.

In the last two decades, however, there has been a
renewed interest in the mechanisms of PONV, and
pharmacological and non-pharmacological inter-
ventions that may reduce the incidence. Further-
more, recent studies have focused on manipulating
only one variable at a time in controlled, blinded and
randomized studies, thereby providing scientifically
rigorous data on PONYV. In addition, the rapid and
dramatic shift from inpatient to day-case surgery in
the past decade has resulted in a critical reappraisal
of all postoperative complications, particularly those
that delay discharge from the recovery room unit and
those that lead to an unanticipated admission to
hospital such as PONV.

This review examines two categories of factors
that affect PONV: patient and surgical factors
(table I).

PATIENT FACTORS

Age

The relationship between the incidence of PONV
and age has been difficult to clarify from the
literature, partly because of the effects of con-
founding uncontrolled variables such as pre-
medication, gender, surgical case mix, anaesthetic
technique and the duration of postoperative data
collection. In spite of the effects of these confounding
variables, there is evidence that the incidence of
PONYV changes with age: the incidence is least (5 9%,)
in infants (< 12 months of age) [19], increases to
20 9%, in children less than 5 yr of age [19, 71, 86], to
a maximum of 34-51 9/ in late childhood (6—16 yr of
age) [19, 71, 72, 74, 80, 86] (fig. 1), remains constant
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or decreases slightly throughout adulthood
(14-40°,) [8, 16,17, 20, 24, 46, 68, 74, 80, 85] and
into the eighth decade [8, 47, 59,74].

The incidence of PONYV in adults is approximately
259,, ranging between 59, and 759, [13,17,
20, 21,47, 68, 74]. The lowest incidence reported
(5% reflects only those patients in whom PONV
was greater than expected and required treatment
[21]. A recent multicentre study reported incidences
of PONV between 11 and 219, for a wide range of
surgical procedures and patients [20]. These pro-
bably reflect more accurately the current incidence
of PONV in clinical practice.

The incidence of PONV in children varies be-
tween 9 and 389, [19, 80]. Patel and Hannallah
reported only a 99, incidence in their 3-yr review
which may represent a different case mix (am-
bulatory surgery that excluded tonsillectomies) [66].
Few studies have compared the incidences of PONV
in children and adults under controlled conditions,
(i.e. similar premedication, anaesthetics and sur-
gery). Vance, Neill and Norris reported their
experience with plastic surgery and found that the
incidence of PONYV in children (up to 12 yr of age)
(389,) was twice that in adults (17 %) [80]. The
results of the latter study are consistent with those of
a more recent very large review [19]. In the same
study, the results were clear and uncomplicated as all
children were unpremedicated and opioids were
used sparingly. The greater incidence of PONV in
children [19] compared with adults [21], however,
must be interpreted with caution as the postoperative
follow-up data were not collected prospectively for
24 h in all patients. Nevertheless, the infrequent use
of premedication and opioids in their paediatric
cohort suggested that PONV was caused by other
factors, such as patient and surgical factors. These
include characteristics unique to paediatric surgery
(i.e. strabismus and tonsil surgery), anxiety, fear and
pain [19]. Further studies are required to elucidate
the importance of each of these factors in deter-
mining the incidence of PONV.

The small incidence of PONYV in the infant age
group may reflect an increased threshold for PONV,
surgical factors such as the case mix, lack of effects of
premedication or increased frequency of tracheal
intubation [19, 71]. We have had a similar experience
with the incidence of PONV in infants and children
undergoing strabismus surgery [89].

Body habitus

Several reports have suggested that body habitus
is an important determinant of the incidence of
PONYV, that is the incidence of PONYV is greater in
obese patients than in asthenic patients [4, 8, 74, 83].
However, these studies too were flawed by the
presence of confounding variables. A possible re-
lationship between PONV and body habitus was
investigated in a well designed study of females
undergoing first trimester abortion controlled for
many of these variables [54]. Their results supported
the existence of such a relationship. In spite of these
studies, however, no relationship could be found
between body mass index and the incidence of
PONV in a recent large and carefully controlled trial
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F16G. 1. Relationship between age and the incidence of PONV from
infancy to adolescents after a wide range of types of surgery.

[59]. It is notable in the latter study that the lungs of
these patients were not ventilated by mask before
tracheal intubation. In fact, it is unclear if the
relationship between body habitus and PONV
reported in the above studies resulted from
difficulties in anaesthetizing these patients (i.e.
hypoxaemia, hypercapnia, hypotension or gastro-
intestinal distension leading to PONYV) or obesity
itself. On balance, at the present time there is
insufficient evidence to conclude that a relationship
between body mass index and PONYV exists. Further
studies are required to firmly establish a relationship
between body habitus and PONV.

Gender

The incidence of PONV in adult females is
approximately two to three times that in adult males
[8,17, 23, 29, 47, 59, 68, 74, 78, 90] and the severity
of vomiting greater than that in males [68]. It has
been suggested that this difference depends, in part,
on the type of surgery: the incidence of PONV in
females is similar to that in males after extra-
abdominal surgery, but greater than that in males
after abdominal surgery [27]. In surgery not nor-
mally associated with a high incidence of PONV,
such as orthopaedic surgery, females have a high
incidence of PONV (559, nausea and 409,
vomiting) [48]. The greater incidence of PONYV in
females compared with males has been attributed to
fluctuations in female sex hormone concentrations
during the menstrual cycle [7,74]. The greatest
incidence of PONYV in adult females occurs during
the third and fourth week of the menstrual cycle [7].
Two recent retrospective studies explored the re-
lationship between the incidence of PONV and the
phase of the menstrual cycle. Both groups of women
underwent gynaecological laparoscopy with similar
anaesthetic techniques. In the first study [6], the
overall incidence of PONYV was 46 %, : the incidence
was greater during the luteal phase (periodical data
(Pd) 20-24, 779,) compared with that during the
follicular (Pd 8-12, 329%,) and pre- and menstrual
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phases (Pd 25-6, 18 9%,). Nausea, retching and emesis
were recorded during the 24 h after surgery. In the
second study [38], the incidence of PONV was only
28 9% : the incidence was greater during the menstrual
period (Pd 1-8, 51.69,) compared with that during
the remainder of the menstrual cycle (21.6%,). The
discrepancy in results between these two studies may
be attributed in part to the following: Beattie and
colleagues reported PONV only during the first 2 h
after surgery [6] whereas Honkavaara reported the
incidence during the first 24 h [38]; and in both
studies the serum concentrations of female sex
hormones were not measured. If a relationship
between PONV and the menstrual cycle exists, a
prospective study in which PONV and female sex
hormone concentrations are determined at the time
of surgery is recommended.

The relationship is limited to adults as there
appears to be no gender predilection for PONV in
children less than 11 yr of age [7, 71, 74] or in the
elderly in the eighth decade. This is consistent with
similar concentrations of sex hormones in males and
females in these age groups.

Delayed gastric emptying

The likelihood of PONV increases when gastric
motility and emptying is retarded. Conditions
associated with delayed gastric emptying include
gastrointestinal  obstruction, pyloric stenosis,
collagen vascular disorders (i.e. scleroderma), endo-
crinopathies (i.e. diabetes mellitus), neuropathies,
myopathies, ureamia, raised intracranial pressure
and pregnancy [66]. Premedication with, for example
opioids and barbiturates, given to allay preoperative
anxiety, may also delay gastric emptying thereby
predisposing to PONV.

History of PONYV after anaesthesia or motion
sickness

Several investigations have suggested that patients
with a history of PONV after previous anaesthesia,
or motion sickness, are more susceptible to PONV
than those without a history [4, 17, 40, 44, 59, 68].
In one study, patients with a previous history of
PONYV experienced a three-fold greater incidence of
PONV after a subsequent anaesthetic when the
follow-up period was 24 h [68]. When the post-
operative follow-up period was restricted to 6 h, a
history of PONV did not correlate with an increased
incidence of PONV [68, 70]. Susceptibility to motion
sickness and adaptation to this phenomenon varies
from individual to individual [76]. Further studies
are required to clarify this relationship.

Anxiety

The importance of preoperative anxiety as a
determinant of PONV has not been established.
Preoperative anxiety is believed to delay gastric
motility (and emptying) and increase gastric fluid
volume, possibly via increased circulating stress
hormones [61]. These hormones have been shown to
induce emesis when instilled into the ventricles of
cats [43]. Infants and children who are anxious often
swallow large volumes of air and anaesthetic gases
during induction of anaesthesia. In combination
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TaBLE I1. Surgical site as a determinant of PONV in adults [65] and children [71]. (*High incidence secondary to narcotic

administration)
Adults Children
Incidence Incidence
Site (%) Site (%)
Ovum retrieval 54 Cardiac catheterization 72*
Laparoscopy 35 Strabismus 76
Knee arthroscopy 22 Hernia, orchidopexy 54-58
Dental 16 Adenotonsillectomy 58
Dilatation and curettage 12 Plastic, penile, orthopaedics 37-49
Removal of sutures 18

with the effect of nitrous oxide on the volume of gas
within the gastrointestinal tract, this may contribute
to the high incidence of PONV.

SURGICAL FACTORS
Site of Surgery

The relationship between the site of surgery and the
incidence and severity of PONV is unclear. In two
large studies, differences could not be detected in the
incidence of PONV among a large variety of surgical
sites [17, 47]. However, the difficulty of investigating
such an effect is related to possible masking of a
causal relationship by confounding variables (such as
age, gender, premedication, anaesthetic and opioid
administration). Nonetheless, there is increasing
evidence that certain surgical sites may be associated
with a greater frequency of, and in many instances,
severity of PONV (table II): for example, intra-
abdominal surgery (intestinal, gall bladder) has an
incidence of 70 9%, compared with 15 %, for abdominal
wall surgery [13] with laparoscopic (gynaecological
40-77%,) [5,40, 41,55] and ear surgery (47%)
greater than head and neck surgery (25-33 %) [80],
and the smallest incidences reported after dental,
dilatation and curettage (not involving evacuation of
the uterus) [26] and peripheral and superficial
extremity surgery [13, 60, 65, 79].

In children, the surgical case mix differs from that
in adults (table II). The surgical site associated with
the greatest incidence of PONV in children is
strabismus surgery. Hernia, orchidopexy and adeno-
tonsillectomy are associated with the next most
frequent incidence, and peripheral minor surgery the
least likely to lead to PONV [71]. It is likely that
more than one mechanism mediates the responses
that culminate in PONV. PONV after intra-
abdominal surgery may result from stimulation of
autonomic afferents (i.e. vagal or sympathetic) from
the intestinal wall or peritoneum or a resultant ileus
and after adenotonsillectomy from irritant effects of
blood on the gastrointestinal tract.

Adenotonsillectomy

The incidence of PONYV after adenotonsillectomy
in children is 36-76 %, [35, 63, 69, 71, 87]. There are
three causes for the high frequency of PONV after
adenotonsillectomy: (1) irritant effect of blood on
oesophagogastric chemoreceptors and nociceptors
[15,22,75]; (2) irritation of trigeminal nerve

afferents during surgery [15]; and (3) postoperative
opioid administration. To minimize the effect of the
first mechanism of PONV, direct oral suctioning is
used during surgery to supplement cautery for
haemostasis. Postoperative management includes
positioning the child head down in the lateral
decubitus position. The second and third
mechanisms are difficult to control, although non-
steroidal anti-inflammatory drugs may be effective.

Ocular surgery

Ophthalmological surgery is associated with a
high incidence of PONV [1, 10, 36, 50, 81]. How-
ever, PONV does not uniformly affect all types of
ophthalmological surgery: the incidence after
intraocular and non-squint non-intraocular surgery
is approximately 50 9%, that after strabismus surgery
[9, 10]. This may be explained, in part, by the older
age of the patients and the less stimulating nature of
intraocular surgery (vis a vis the autonomic nervous
system) compared with younger patients undergoing
strabismus surgery [10]. The remainder of this
discussion concentrates on strabismus surgery.

Strabismus surgery

Vomiting is the most frequent postoperative
complication after strabismus surgery. The inci-
dence of PONYV ranges between 409, and 889 in
children older than 2yr of age [1,9, 10, 14, 36,
39, 4951, 81, 86, 88]. Age also affects the incidence
of PONV after strabismus surgery (4-30 months,
2895 3-18yr, 57%,) [86], although this is not
supported by previous data [9]. PONV occurs rarely
in the immediate post-anaesthetic period (i.e. the
first 2 h after surgery) [72, 86]. In most instances, it
begins after return to the ambulatory unit, during
the journey home or at home 2-8 h after surgery.
PONYV may continue for up to 24 h after surgery.

Aetiology. The aetiology of vomiting after stra-
bismus surgery is unclear. Several hypotheses have
been proposed in an attempt to explain this phenom-
enon [9, 50, 81, 89]. These include traction on the
extraocular muscles, distorted visual images, early
ingestion of postoperative fluids and labyrinthine
pathways. Manual traction on the extraocular
muscles during surgery stimulates afferent neural
pathways to the vomiting centre via the ciliary
ganglion or labyrinthine pathway (oculogastric or
oculo—emetic reflex). This resets the vomiting centre
for emesis after emergence from anaesthesia. The
second hypothesis invokes the effect of acute cor-
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rection of the alignment of visual axes. The effect of
a sudden change in axes might result in distortion of
the visual images and PONV (optokinetic imbal-
ance). To test this hypothesis, we covered the
surgical eye in 60 children (who received no
pharmacological prophylaxis for emesis) but found
that this did not significantly decrease the incidence
of PONV after strabismus surgery [Arellano and
Lerman, unpublished data, 9]. The third hypothesis
proposed to explain the incidence of PONYV in these
children is that of an emetic response to mandatory
intake of clear fluids before discharge from hospital.
Included in the discharge criteria for children after
ambulatory surgery in most paediatric institutions at
present is that the children ingest and tolerate clear
fluids. Schreiner and co-workers reported that
mandatory oral fluid intake after strabismus surgery
was associated with a four-fold greater incidence of
PONV in the ambulatory unit and a 509%
prolongation of hospital stay compared with a group
of children in whom fluid intake was elective [72].
Unfortunately, the authors did not provide data on
the incidence of PONYV after discharge from hospital
for each of the two strabismus groups. In another
study of fluid intake after surgery, parents were
asked to withhold fluids 4-6 h or longer depending
on the age of the child [86]. PONYV was delayed until
after discharge from hospital in 90 9%, of those who
vomited, although the incidence of PONYV overall
was similar to that reported previously (57 %) [86].
However, the significance of the latter report is
limited by the fact that parents were informed that
early oral fluid intake may cause vomiting and that a
control group was not included. The fourth hypo-
thesis relates to the effects of changes in head
position or motion on PONV. If sudden changes in
head position or motion sickness initiates vestibular
afferents to the vomiting centre, this could result in
PONYV [86]. Based on these studies, it would appear
that traction on the extraocular muscles resets the
vomiting centre such that emesis occurs after the
first or second oral intake. Delaying the injection of
clear fluids has no effect on the incidence of emesis,
but clears the ambulatory unit and transfers the site
of PONV from the day-case unit to home, or the
journey to home.

Additional factors implicated in strabismus surgery.
Several factors have been shown to increase the
incidence of vomiting after strabismus surgery.
Anterior displacement of the inferior oblique muscle
is associated with a significantly greater incidence of
PONV than is surgery involving other extraocular
muscles [89]. This observation is consistent with the
hypothesis that the probability of PONV increases as
traction on the extraocular muscle increases. Thus
less accessible muscles (such as the inferior oblique),
are more likely to result in PONV after surgery.

Several other factors have been implicated in the
high incidence of PONV after strabismus repair.
Vomiting occurs more frequently after strabismus
surgery in children > 3 yr of age than it does in
infants and children <3 yr of age [72, 86, 89].
Administration of oral fluids to children on recovery
from strabismus surgery increases the incidence of
postoperative vomiting compared with children who
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drink only when they request fluids [72, 86]. In a
large retrospective study, repeat surgery was
associated with an increase in the incidence of
vomiting after strabismus surgery [89], although
previous studies have not supported this finding.

Factors not responsible. Several studies have
demonstrated that the incidence of postoperative
emesis does not correlate with the number of
extraocular muscles repaired [50, 75]. The incidence
of vomiting was found to be independent of the
following factors: type of ventilation (spontaneous
compared with controlled ventilation), acupuncture
(when applied after induction of anaesthesia) [88],
i.v. lignocaine [18], covering the surgical eye
(optokinetic effect), gender [89], opioids (codeine)
[50, 89], duration of anaesthesia [89] and the surgeon
[89].

Therapy. The type of surgery associated most
often with PONV in paediatric anaesthesia is
strabismus surgery. Although the morbidity after
PONYV and the risk of readmission after PONV are
small, PONYV is one of the most common causes of
unanticipated hospital admission in the day-case
paediatric surgical population [66, 67]. This is one
cause of PONV that merits consideration for therapy,
if not prophylaxis.

Abramowitz and co-workers first demonstrated
that droperidol 0.075 mg kg~! given i.v. at the end of
surgery significantly decreased the incidence of
PONV after strabismus surgery [1]. Subsequently,
we demonstrated that droperidol 0.075 mg kg™
decreased the incidence of PONV (24 h follow-up)
from 609, to 259, [50]. This dose of droperidol,
however, was associated with a 4-6 h recovery
period. In an attempt to discharge children earlier,
we investigated smaller doses of droperidol (0.025
and 0.050 mg kg™!) [28]. These doses were not as
effective in attenuating PONV as 0.075 mg kg™! but
more importantly, did not shorten the recovery
period. Several other therapeutic interventions have
been investigated recently. I.v. metoclopramide 0.15
and 0.25 mg kg™ [14, 51], dixyrazine 0.25 mg kg™
[49] and transdermal hyoscine [32, 39] have been
used successfully in children to decrease the in-
cidence of PONV after strabismus surgery and, in
most instances, without extending the recovery
period. L.v. lignocaine has had variable effect on the
incidence of PONYV after strabismus surgery in
children [18, 81]. The effect of the new i.v. induction
agent propofol, on the incidence of PONV has
recently been reported [82]. Induction of anaesthesia
with propofol 3.0 mg kg™ i.v. and maintenance with
propofol reduced the incidence of PONV after
strabismus surgery by 509%,.

Gastric suction

There are conflicting reports on the effectiveness
of gastric suction in reducing the incidence, severity
or both, of PONYV [22, 23, 53, 74]. Gastric distention
and an increased likelihood of PONYV result from
inadvertent inflation during manual ventilation of
the lungs via a mask with or without gastric stasis
after upper abdominal surgery. This may be
attenuated by gastric suction [62]. On the other
hand, Palazzo and Strunin [62] suggested that gastric
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suction would not attentuate opioid-induced PONV.
The incidence of PONV in adult females is
reportedly greater after their lungs are ventilated by
inexperienced anaesthetists compared with more
experienced anaesthetists [42]. Gastric suctioning
has also been shown to be of no additional benefit
when used to supplement an alfentanil anaesthetic in
which droperidol was administered [37]. Several
investigators recommend that if a gastric tube is
used, it should be inserted after induction of
anaesthesia and removed before emergence to
minimize pharyngeal stimulation [62]. Early removal
is suggested to preclude pharyngeal-induced PONV
and has been proposed as a possible mechanism of
gastric tube-induced vomiting. Recent evidence
suggests that gastric evacuation may be particularly
effective after laparoscopic gynaecological surgery
[53]. However, a gastric tube that is curled or kinked
in the stomach or passed into the duodenum may not
only not prevent vomiting, but may stimulate
retching and vomiting until it is withdrawn.

Mask venrilation

Manual ventilation by mask may result in gastric
or intestinal inflation, or both. The mechanism by
which mask ventilation causes PONV is likely a
direct result of forcing gas into the gastrointestinal
tract and distending the stomach and bowels.
Experience of the anaesthetist may be an important
determinant of the magnitude of the effect of mask
ventilation on PONV [40]. Previous studies
suggested that mask anaesthesia was associated with
a greater incidence of PONYV than anaesthesia in
patients in whom the trachea was intubated [8, 22].

Gynaecological surgery

The incidence of PONV after gynaecological
surgery depends on the type of surgery. Laparoscopy
for diagnostic and therapeutic purposes is associated
with a 36-609%, (median value 509,) incidence of
PONV [2, 5, 38, 41, 52, 57, 65]. Although the mech-
anism of PONYV after laparoscopy is unclear, several
investigators have apparently decreased the inci-
dence of PONV to 13-339, by avoiding the use of
nitrous oxide and fentanyl [2, 57,73]. Nitrous oxide
may contribute to the incidence of PONV during
laparoscopy by expanding intestinal and peritoneal
gas (primarily carbon  dioxide) volumes.
Laparoscopy for ovum retrieval and therapeutic
abortion (55 9%,) [54, 65], major gynaecological sur-
gery (58 9 ) and hysterectomy (65-77 %) [40, 55] are
associated with a high incidence of PONV. In
contrast, dilation and curettage does not usually
cause a high incidence of PONV—incidence of
25-36 9%, [34, 44, 56]. The mechanism of PONYV
after uterine and gynaecological surgery is unclear.
Packing the uterus and pelvic pain have been
implicated as possible mechanisms [64].

Other Factors
Duration of surgery

Bellville, Bross and Howland reported an almost
three-fold greater incidence of PONV after surgery
in parallel with an increase in the duration of surgery
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[8]. An increased incidence and severity of PONV
has been associated with surgery of increasing
duration by several investigators {12, 13,17, 26,
27, 29,71, 74]. In contrast, duration of surgery was
not a significant factor in several studies [34, 47].
The possible relationship between duration of anaes-
thesia or surgery and the incidence of PONYV is not
easily explained. Increased effects of premedication,
anaesthetics, including nitrous oxide, prolonged
fasting and increased pain may contribute to the
increased incidence of PONV in these patients.

Surgical position

The position of the patient during surgery has
been implicated in the genesis of PONV. However,
Gold found no effect in women undergoing gynae-
cological surgery [34]. The effect of this factor on the
incidence of PONYV has not been fully elucidated.

ENT surgery

The incidence of PONYV after ear surgery ranges
from 38 to 489, [69,72,80]. The type of ENT
surgery that is often associated with PONYV includes
bat ear and middle ear surgery (cholesteatoma,
tympanic membrane and ossicular surgery). There is
little literature on the incidences of PONYV with each
of these types of surgery. Although not firmly
established, PONYV after bat ear surgery may be the
result of reflex stimulation through the auriculo-
temporal branch of the facial nerve [80]. In contrast,
PONV after middie ear surgery may arise from
increased middle ear pressure secondary to nitrous
oxide or direct labyrinthine pathways [58, 77].
Further studies are required to clarify the extent of
the PONYV and its pathogenesis.

Pain

Andersen and Krohg noted that while abdominal
surgery resulted in pain, the pain itself was associated
with postoperative nausea. Paradoxically, the
authors found that opiocids did not increase the
frequency of nausea, but actually relieved it [3]. It is
my impression that in spite of this study, pain-
induced nausea occurs infrequently, and that par-

ental opioids are associated with more nausea and
vomiting than they relieve.

Post-anaesthetic fluid intake

PONYV has been observed to occur soon after the
first fluid intake after emergence from anaesthesia
[10]. This has been the subject of discussion for over
30 years [10, 17, 70]. Despite the apparent relation-
ship between post-anaesthetic fluid intake and
PONYV, many institutions have standing orders that
require that patients tolerate clear fluids before they
are eligible for discharge from hospital, particularly
after day-case surgery. Several authors have
suggested that if fluids are withheld after strabismus
surgery, adenotonsillectomy and ophthalmic surgery
in children, then PONV may be delayed until after
discharge from hospital, but even more importantly,
the incidence of PONV may be reduced by 509,
[72,86]. In a recent study of postoperative fluid
tolerance in children, fluid intake was offered
electively only when the children were thirsty and
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hungry and they requested fluids. This resulted in a
smaller incidence of PONV before discharge from
hospital and earlier discharge from hospital but did
not decrease the overall incidence of PONV [72, 86].
That is, many of the children vomited during
transport home or at home within 24 h of surgery.
The readmission rate for children who were
discharged without having ingested fluids was small
(0-0.06%,) and not a cause for concern [72, 86].
When a similar approach was applied to a study of
children and adults who were recovering from
ophthalmic surgery, the incidence of PONV after
fluids were withheld for at least 4 h did not differ
significantly from those who had fluids shortly after
surgery [10]. However, the latter study may have
been limited by too brief a period of postoperative
fluid restriction. Nonetheless, if thesé preliminary
data are substantiated by additional studies, oral
fluids may no longer be a mandatory prerequisite for
suitability of discharge from hospital and may
facilitate earlier discharge from hospital. Whether
withholding post-anaesthetic fluids attenuates the
incidence of PONYV remains to be established.

REFERENCES

1. Abramowitz MD, Oh TH, Epstein BS, Ruttimann UE,
Friendly DS. The antiemetic effect of droperidol following
outpatient strabismus surgery in children. Anesthesiology
1983; 59: 579-583.

2. Alexander GD, Skupski JN, Brown EM. The role of nitrous
oxide in postoperative nausea and vomiting. Anesthesia and
Analgesia 1984; 63: S175.

3. Andersen R, Krohg K. Pain as a major cause of postoperative
nausea. Canadian Anaesthetists Society Fournal 1976; 23:
366—-369.

4. Anonymous. Nausea and vomiting after general anaesthesia.
Lancer 1989; I: 651-652.

5. Bailey PL, Steisand JB, Pace NL, Bubbers SJM, East KA,
Mulder S, Stanley TH. Transdermal scopolamine reduces
nausea and vomiting after outpatient laparoscopy.
Anesthesiology 19905 72: 977-980.

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

7. Bellville JW. Postanesthetic nausea and vomiting.
Anesthesiology 19613 22: 773-780.

8. Bellville JW, Bross ID], Howland WS. Postoperative nausea
and vomiting iv: factors related to postoperative nausea and
vomiting. Anesthesiology 1960; 21: 186-193.

9. van den Berg AA, Lambourne A, Clyburn PA. The
oculo~emetic reflex. A rationalisation of postophthalmic
anaesthesia vomiting. Anaesthesia 1989; 44: 110-117.

10. van den Berg AA, Lambourne A, Yazji NS, Laghari NA.
Vomiting after ophthalmic anaesthesia. Effects of
intraoperative antiemetics and postoperative oral fluid re-
striction. Anaesthesia 1987; 42 270-276.

11. Blumfield J. Prevention of sickness after anaesthetics. Lancet
1899; 2: 833.

12. Bodman RI, Morton HJV, Thomas ET. Vomiting by out-
patients after nitrous oxide anaesthesia. British Medical
Fournal 1960; 1: 1327—-1330.

13. Bonica JJ, Crepps W, Monk B, Bennett B. Postanesthetic
nausea, retching and vomiting: evaluation of cyclizine
(marezine) suppositories for treatment. Anesthesiology 1958;
19: 532-540.

14. Broadman LM, Ceruzzi W, Patane PS, Hannallah RS,
Ruttimann U, Friendly D. Metoclopramide reduces the
incidence of vomiting following strabismus surgery in
children. Anesthesiology 1990; 72: 245-248.

15. Brown HG. The applied anatomy of vomiting. British Journal
of Anaesthesia 1963; 35: 136145,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

BRITISH JOURNAL OF ANAESTHESIA

Burrow BJ. The patient’s view of anaesthesia in an Australian
teaching hospital. Anaesthesia and Intensive Care 1982; 10:
20-24.

Burtles R, Peckett BW. Postoperative vomiting : some factors
affecting its incidence. British Journal of Anaesthesia 1957,
29: 114-123.

Christensen S, Farrow-Gillespie A, Lerman J. Incidence of
emesis and postanesthetic recovery after strabismus surgery
in children: a comparison of droperidol and lidocaine.
Anesthesiology 1989; 70: 251-254.

Cohen MM, Cameron CB, Duncan PG. Pediatric anesthesia
morbidity and mortality in the perioperative period.
Anesthesia and Analgesia 1990; 70: 160-167.

Cohen MM, Duncan PG, Pope WDB, Bichl D, Tweed WA,
MacWilliam L, Merchant RN. The Canadian four-centre
study of anaesthetic outcomes: I1. Can outcome be used to
assess the quality of anaesthesia care? Canadian Fournal of
Anaesthesia 1992; 39: 430-439,

Cohen MM, Duncan PG, Pope WDB, Wolkenstein C. A
survey of 112,000 anaesthetics at one teaching hospital
(1975-83). Canadian Anaesthetists Society Fournal 1986; 33:
22-311.

Dent SJ, Ramachandra V, Stephen CR. Postoperative
vomiting: incidence, analysis, and therapeutic measures in
3,000 patients. Anesthesiology 1955; 16: 564-572.

Dobkin AB, Evers W, Israel JS. Double-blind evaluation of
metoclopramide (MK 745, sinemet®), Trimethobenzamide
(Tigan R), and a placebo as postanaesthetic anti-emetics
following methoxyflurane anaesthesia. Canadian Anaesthetists
Soctety Fournal 1968; 15: 80-91.

Dodds CP, Harding MI, More DG. Anaesthesia in an
Australian private hospital : the consumer’s view. Anaesthesia
and Intensive Care 1985; 13: 325-329.

Dundee JW, Kirwan M]J, Clarke RSJ. Anaesthesia and
premedication as factors in postoperative vomiting. Acta
Anaesthesiologica Scandinavica 1965; 9: 223-231.

Dundee JW, Micholl RM, Moore J. Studies of drugs given
before anaesthesia. British Journal of Anaesthesia 1962; 34:
5217.

Dyrberg V. Haloperidol (Serenase) in the prevention of
postoperative nausea and vomiting. Acra Anaesthesiologica
Scandinavica 1962; 34: 527.

Eustis S, Lerman J, Smith DR. Effect of droperidol
pretreatment on post-anesthetic vomiting in children
undergoing strabismus surgery: the minimum effective dose.
Fournal of Pediarric Ophthalmology and Strabismus 19875 24:
165-168.

Fahy A, Marshall M. Postanaesthetic morbidity in out-
patients. British Journal of Anaesthesia 1969; 41: 433-437.
Flagg PJ. The Art of Anaesthesia, 1st Edn. Philadelphia:
Lippincott, 1916; 288.

Forrest JB, Cahalan MK, Rehder K, Goldsmith CH, Levy
W7, Strunin L, Bota W, Boucek CK, Cucchiara RF, Dhamee
S, Domino KB, Dudman AJ, Hamilton WK, Kampine ],
Kotrly KJ, Maltby JR, Mazloomdoost M, Mackenzie RA,
Melnick BM, Motoyama E, Muir JJ, Munshi C. Multicenter
study of general anesthesia. I1. Results. Anesthesiology 1990;
72: 262-268.

Gibbons PA, Nicolson SC, Betts EK, Rosenberry KE, Jobes
DR. Scopolamine does not prevent post-operative emesis
after pediatric eye surgery. Anesthesiology 1984; 61: A435.
Gold BS, Kitz DS, Lecky JH, Neuhaus JM. Unanticipated
admission to the hospital following ambulatory surgery.
Fournal of the American Medical Association 1989; 262:
3008-3010.

Gold MI. Postanaesthetic vomiting in the recovery room.
British Journal of Anaesthesia 1969; 41: 143-149.
Grunwald Z, Scheiner MS, Parness J, Potsic W, Templeton
JJ. Droperidol decreases vomiting after tonsillectomny and
adenoidectomy in children. Anesthesia and Analgesia 1990;
70: S138.

Hardy JF, Charest J, Girouard G, Lepage Y. Nausea and
vomiting after strabismus surgery in preschool children.
Canadian Anaesthetists Society Fournal 19863 33 57-62.
Heyman HJ, Salem MR, Joseph NJ. Does gastric suction
enhance the efficacy of droperidol prophylaxis of post-
operative nausea and vomiting ? Anesthesiology 1990;73: A19.
Honkavaara P, Lehtinen A-M, Hovorka J, Korttila K. Nausea
and vomiting after gynaecological laprascopy depends upon

¥20z I1dy g2 uo 1senb Aq 988GGZ/Stz/L Juswse|ddng/e9/aloNe/elq/woo dnoolwspeoe//:sdiy woly papeojumoq



SURGICAL AND PATIENT FACTORS IN PONV

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49,

50.

51.

52.

53,

54.

55.

56.

57.

58.

59.

the phase of the menstrual cycle. Canadian Fournal of
Anaesthesia 1991; 38: 876-879.

Horimoto Y, Tomie H, Hanzawa K, Nishida Y. Scopolamine
patch reduces postoperative emesis in paediatric patients
following strabismus surgery. Canadian Fournal of Anaes-
thesia 1991 ; 38: 441-444.

Hovorka ], Kortilla K, Erkola O. Nausea and vomiting after
general anaesthesia with isoflurane, enflurane or fentanyl in
combination with nitrous oxide and oxygen. European Fournal
of Anaesthesia 1988; 5: 177-182.

Hovorka J, Kortilla K, Erkola O. Nitrous oxide does not
increase nausea and vomiting following gynaecological
laparoscopy. Canadian Fournal of Anaesthesia 1989; 35:
145-148.

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

Jenkins LC, Lahay D. Central mechanisms of vomiting
related to catecholamine responses: anaesthetic implications.
Canadian Anaesthetists Society Journal 1971; 18: 434-441.
Kamath B, Curran J, Hawkey C, Beattie A, Gorbutt N,
Guiblin H, Kong A. Anaesthesia, movement and emesis.
British Journal of Anaesthesia 1990; 64: 728-730.

Keep PJ, Jenkins JR. As others see us. The patients view of
the anaesthetist. Anaesthesia 1978; 33: 43-44.

Keep PJ, Jenkins JR. From the other end of the needle. The
patient’s experience of routine anaesthesia. Anaesthesia 1978;
33: 830-832.

Knapp MR, Beecher HK. Postanesthetic nausea, vomiting
and retching. Journal of the American Medical Association
1956; 160: 376~385.

Kortilla K, Kauste A, Auvinen J. Comparison of
domperidone, droperidol, and metoclopramide in the pre-
vention and treatment of nausea and vomiting after balanced
general anesthesia. Anesthesia and Analgesia 1979; 58:
396~400.

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

Lerman J, Eustis S, Smith DR. Effect of droperidol
pretreatment on postanesthetic vomiting in children under-
going strabismus surgery. Anesthesiology 1986; 65: 322-325.
Lin DM, Furst SR, Rodarte A. A double-blinded comparison
of metoclopramide and droperidol for prevention of emesis
following strabismus surgery. Anesthesiology 1992; 76:
357-361.

Lindblad T, Forrest JB, Buckley DN, Beattie WS. An-
aesthesia decreases a hormone mediated threshold for nausea
and vomiting. Anesthesia and Analgesia 1990; 70: S242.
McCarroll SM, Mori S, Bras PJ, Saunder PR. The effect of
gastric intubation and removal of gastric contents on the
incidence of postoperative nausea and vomiting. Anesthesia
and Analgesia 1990; 70: S262.

McKenzie R, Wadhwa RK, Lim NT, Phitayakorn P,
Tantisira B, Sinchiococ C, Taylor FH. Antiemetic
effectiveness of intramuscular hydroxyzine compared with
intramuscular droperidol. Anesthesia and Analgesia 1981 ; 60:
783-788.

Madej TH, Simpson KH. Comparison of the use of
domperidone, droperidol and metoclopramide in the pre-
vention of nausea and vomiting following major gynae-
cological surgery. British Fournal of Anaesthesia 1986; 58:
884-887.

Melnick BM, Johnson LS. Effects of eliminating nitrous
oxide in outpatient anesthesia. Anesthesiology 1987; 67:
982-984.

Metter SE, Kitz DS, Young ML, Baldeck AM, Apfelbaum
JL, Lecky JH. Nausea and vomiting after outpatient
laparoscopy: incidence, impact on recovery room stay and
cost. Anesthesia and Analgesia 1987; 66: S116.
Montgomery CJ, Vaghadia H, Blackstock D. Negative middle
ear pressure and postoperative vomiting in pediatric
outpatients. Anesthesiology 1988; 68: 288-291.

Muir JJ, Warner MA, Offord KP, Buck CF, Harper JV,
Kunkel SE. Role of nitrous oxide and other factors in
postoperative nausea and vomiting : a randomized and blinded
prospective study. Anesthesiology 1987; 66: 513-518.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

318

O’Donovan N, Shaw J. Nausea and vomiting in day-case
dental anaesthesia. The use of low-dose droperidol. An-
aesthesia 198435 39: 1172-1176.

Ong BY, Palahniuk R], Cumming M. Gastric volume and pH
in out-patients. Canadian Anaesthetists Society Fournal 1978,
25:36-39.

Palazzo MGA, Strunnin L. Anaesthesia and emesis. I:
ctiology. Canadian Anaestherists Societv Fournal 1984; 31:
178-187.

Pandit U, Pryn S, Randel G, Levy L, Lewis I. Nitrous oxide
does not increase postoperative nausea/vomiting in pediatric
outpatients  undergoing  tonsillectomy—adenoidectomy.
Anesthesiology 1990; 73: A1245.

Parkhouse J. The cure for postoperative vomiting. British
Fournal of Anaesthesia 19635 35: 189-193.

Pataky AO, Kitz DS, Andrews RW, Lecky JH. Nausea and
vomiting following ambulatory surgery: are all procedures
created equal? Anesthesia and Analgesia 1988; 67: S163.
Patel RI, Hannallah RS. Anesthetic complications following
pediatric ambulatory surgery: A 3-yr. study. Anesthesiology
1988; 69: 1009-1012.

Postuma R, Ferguson CC, Stanwick RS, Horne JM. Pediatric
day-care surgery: a 30-year hospital experience. Fournal of
Pediarric Surgery 1987; 22: 304-307.

Purkis IE. Factors that influence postoperative vomiting.
Canadian Anaesthetists Society Journal 1964; 11: 335-353.
Puttick N, Van Der Walt JH. The effect of premedication on
the incidence of postoperative vomiting in children after
ENT surgery. Anaesthesia and Intensive Care 1987; 15:
158-162.

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

Rowley MP, Brown TCK. Postoperative vomiting in chil-
dren. Anaesthesia and Intensive Care 19823 10: 309-313.
Schreiner MS, Nicolson SC, Martin T, Whitney L. Should
children drink before discharge from day surgery?
Anesthesiology 19925 76: 528-533.

Sengupta P, Plantevin OM. Nitrous oxide and day-case
laparoscopy: effects on nausea and vomiting and return to
normal activity. British Journal of Anaesthesia 1988; 60:
570-573.

Smessaert A, Schehr CA, Artusio JF. Nausea and vomiting in
the immediate postanesthetic period. Fournal of the American
Medical Association 1959; 170: 2072-2076.

Smith BL, Manford MLM. Postoperative vomiting after
paediatric adenotonsillectomy. British Fournal of Anaesthesia
1974; 46: 373-378.

Stott JRR. Mechanisms and treatment of motion illness. In:
Davis CJ, Lake-Bakaar GV, Grahame-Smith DG, eds.
Nausea and Vomiting: Mechanisms and Treatment. Berlin:
Springer-Verlag, 1986; 110-129.

Thomsen KA, Terkildsen K, Arnfred I. Middle ear pressure
variations during anesthesia. Archives of Otolaryngology 1965
82: 609-611.

Tornetta FJ. Clinical studies with the new antiemetic
metoclopramide. Anesthesia and Analgesia 1969 ;48 : 198-204.
Valanne J, Korttila K. Effect of a small dose of droperidol on
nausea, vomiting and recovery after outpatient enflurane
anaesthesia. Acta Anaesthesiologica Scandinavica 1985; 29:
359-362.

Vance JP, Neill RS, Norris W. The incidence and aetiology
of post-operative nausea and vomiting in a plastic surgical
unit. British Journal of Plastic Surgery 1973; 26: 336-339.
Warner LO, Rogers GL, Martino JD, Bremer DL, Beach
TP. Intravenous lidocaine reduces the incidence of vomiting
in children after surgery to correct strabismus. Anesthesiology
1988; 68: 618-621.

Watcha MF, Simeon RM, White PF, Stevens JL. Effect of
propofol on the incidence of postoperative vomiting after
strabismus surgery in pediatric outpatients. Anuesthesiology
1991; 75: 204-209.

Watcha MF, White PF. Postoperative nausea and vomiting:
its etiology, treatment and prevention. Amnesthesiology 1992;
77: 162-184.

Waters RM. Present status of cyclopropane. Brirish Medical
FJournal 1936; 2: 1013-1017.

van Wijk MGF, Smalhout B. A postoperative analysis of the
patient’s view of anaesthesia in a Nectherland’s teaching
hospital. Anaesthesia 1990; 45: 679-682.

¥20z I1dy g2 uo 1senb Aq 988GGZ/Stz/L Juswse|ddng/e9/aloNe/elq/woo dnoolwspeoe//:sdiy woly papeojumoq



328

86.

87.

88.

Woods AM, Berry FA, Carter BJ. Strabismus surgery and
postoperative vomiting: clinical observations and review of
the current literature ; a medical opinion. Pediarric Anesthesia
1992; 2: 223-229.

Yentis SM, Bissonnette B. P6 acupuncture and postoperative
vomiting after tonsillectomy in children. British Journal of
Anaesthesia 1991 ; 67: 779—-780.

Yentis SM, Bissonnette B. Ineffectiveness of acupuncture
and droperidol in preventing vomiting following strabismus

89.

90.

BRITISH JOURNAL OF ANAESTHESIA

repair in children. Canadian Fournal of Anaesthesia 1992; 39:
151-154.

Yentis SM, Bissonnette B, MacMillan JM. Factors affecting
vomiting after pediatric strabismus surgery. Canadian Fournal
of Anaesthesia (in press).

Zelcer J, Wells DG. Anaesthetic-related recovery room
complications. Anaesthesia and Intensive Care 1987; 15:
168-174.

¥20z I1dy g2 uo 1senb Aq 988GGZ/Stz/L Juswse|ddng/e9/aloNe/elq/woo dnoolwspeoe//:sdiy woly papeojumoq





