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ABSTRACT
Postoperative Nausea and Vomiting (PONV) was termed “the big little problem” nearly a quarter century ago in an editorial (Ka-
pur et al, 1991). The past decade has witnessed the introduction of several significant innovations to combat PONV, particularly 
the introduction of serotonin antagonists and the use of combinations of drugs for analgesia and control of PONV. But it still 
remains as big a problem as before because newer choices and confusions over standardization added side by side. PONV 
remains a significant problem in modern anesthetic practice also because of adverse consequences such as delayed recovery, 
unexpected hospital admission, delayed return to work of ambulatory patients, pulmonary aspiration, wound dehiscence, and 
dehydration PONV is controlled by the emetic, or vomiting centre, in the brain. Stimuli are also sent from the cerebral cortex and 
chemoreceptor trigger zone (CTZ), which is situated in the brainstem. PONV is generally influenced by multiple factors that are 
related to patient, surgery and anesthesia and which requires release of 5-hydroxytryptamine (5- HT) in a cascade of neuronal 
events involving both the central nervous system and the gastrointestinal tract. The 5-HT subtype 3 receptor (5-HT3) participates 
selectively in the emetic response. Patients might become extremely distressed, which in turn can cause them anxiety about 
undergoing further surgery. PONV also has cost implications in terms of nursing time, delayed recovery, hospital resources and 
possible re-operation costs. In the present scenario, though we have better understanding and knowledge about the pathophysi-
ology of nausea and vomiting and use of more stable and effective anti-emetics, the postoperative nausea and vomiting (PONV) 
continues to be the most disturbing complication following surgery and anesthesia.
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INTRODUCTION

POSTOPERATIVE NAUSEA AND VOMITING

Postoperative Nausea and Vomiting (PONV) was termed 
“the big little problem” nearly a quarter century ago in an 
editorial (Kapur et al, 1991) [1]. The past decade has wit-
nessed the introduction of several significant innovations 
to combat PONV, particularly the introduction of seroto-
nin antagonists and the use of combinations of drugs for 
analgesia and control of PONV.[2] But it still remains as 
big a problem as before because newer choices and con-
fusions over standardization added side by side.[2] PONV 
remains a significant problem in modern anesthetic prac-
tice also because of adverse consequences such as de-
layed recovery, unexpected hospital admission, delayed 
return to work of ambulatory patients, pulmonary aspi-
ration, wound dehiscence, and dehydration .[3]

NAUSEA, VOMITING, AND RETCHING

Nausea, vomiting, and retching are distinct concepts. 
However, terms to describe them often are used inter-
changeably, which may result in imprecise assessment, 
measurement, and education. [4]

Nausea
By definition nausea is “the feeling of a need to vomit”.[5] 
Nausea is a non-observable phenomenon of an unpleas-
ant sensation experienced in the back of the throat and 
the epigastrium that may or may not culminate in vomit-
ing; it is synonymously described as feeling “sick at stom-
ach”.[6] In short, nausea is an unpleasant sensation that 
commonly precedes vomiting.  

It is usually determined through self-report but also may 
have some objective elements, depending on intensity. A 
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visual analogue scale for nausea is also prescribed (Boo-
gaerts et al, 2000) analogous to that widely used for pain 
measurement.[7]

Rectching
While nausea is an unpleasant sensation of the urge to 
vomit; retching involves spasmodic contractions of res-
piratory muscles without the expulsion of gastric con-
tent. Thus retching is the attempt to vomit without bring-
ing anything up. 

As retching is gastric and esophageal movement of vom-
iting without expulsion of vomitus, it is described by 
such terms as “gagging,” “dry heaves,” and “attempting 
to vomit without results’’.[4]

Vomiting
The final act of vomiting is a reflex – actually an impor-
tant defense mechanism for the expulsion of toxins. Thus 
vomiting is the forceful expulsion of the contents of the 
stomach through the oral or even nasal cavity. Thus vom-
iting involves the contraction of the abdominal muscles 
resulting in an expulsion of the stomach contents from 
the mouth .[8]

Both the occurrence and the frequency of vomiting may 
be objectively measured. [9] The Rhodes index of nausea, 
vomiting, and retching (RINVR) is a method of quanti-
fying nausea and vomiting objectively in patients who 
receive anti-cancer therapy.[10]

INCIDENCE OF PONV

The depicted bar diagram in figure-1 shows a general 
prevalence of PONV as per surgery type and in surgery 
overall. [11][12] Yet, among other surgeries, some proce-
dures like tonsillectomies, strabismus surgery, laparo-
scopic cholecystectomies are associated with higher in-
cidence of PONV[13], may be due to inherent increased 
chances of procedural errors.

Figure 1: Incidence of PONV 

MECHANISM OF PONV

PONV is controlled by the emetic, or vomiting centre, in 
the brain. Stimuli are also sent from the cerebral cortex 
and chemoreceptor trigger zone (CTZ), which is situated 
in the brainstem (Jolley, 2001). 

The vomiting centre receives messages via the nervous 
system from different sources, including the pharynx, 
gastrointestinal tract, eye, vestibular apparatus in the 
ear, respiratory and circulatory systems, testicles and 
pain receptors. [14]

Primary control of nausea and vomiting arises from the 
“central pattern generator for vomiting,” located in the 
medulla oblongata. There are five primary afferent path-
ways involved in stimulating vomiting (Kakuta et al, 
2011): 

1. the chemoreceptor triggering zone (CTZ)
2. the vagal mucosal pathway in the gastrointestinal 

system, 
3. neuronal pathways from the vestibular system, 
4. reflex afferent pathways from the cerebral cortex, 

and 
5. midbrain afferents. 

Stimulation of one of these afferent pathways can acti-
vate the sensation of vomiting via cholinergic (muscarin-
ic), dopaminergic, histaminergic, or serotonergic recep-
tors .[15]

The vomiting centre can also be stimulated by distur-
bance of the gut or oropharynx, movement, pain, hypox-
aemia and hypotension. Because many different factors 
contribute to PONV, it can be difficult to prevent and 
treat.[14]

The schematic diagram depicted in Figure-2 [16] shows 
the main targets of  induction/ inhibition of PONV. Bet-
ter explanation on the receptor level is explained in Fig-
ure-3.[17]

Figure 2: Summarized mechanism of induction/ inhibition of 
PONV
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Figure 3: Target and receptors involved in PONV

The neuroanatomical site which controls nausea and 
vomiting is basically an ill-defined region called the 
“vomiting center” which is situated within the lateral re-
ticular formation in the brainstem. [18]

It receives afferent inputs from higher cortical centers, 
the cerebellum, the vestibular apparatus, and vagal and 
glossopharyngeal nerves.[9]Further interactions occur 
with the nucleus tractus solitarius and the CTZ which is 
located in the floor of the fourth ventricle. 

The CTZ is outside the blood-brain barrier and in contact 
with cerebrospinal fluid (CSF). The CTZ enables sub-
stances in the blood and CSF to interact. [9][18]

Not only direct stimulation of the CTZ induce PONV but 
immunochemical studies of these anatomical sites shows 
that these areas contain histamine, serotonin, choliner-
gic, neurokinin-1, and D2 dopamine receptors which re-
sults in vomiting. [9][18]

The “vomiting reflex” is precipitated by different stimu-
lation from the glossopharyngeal, hypoglossal, and va-
gal nerves reaching the vomiting center.[9][18] Efferent 
signals are directed to the glossopharyngeal, hypoglos-
sal, trigeminal, accessory, and spinal segmental nerves. 
There is a coordinated contraction of abdominal mus-
cle against a closed glottis, which raises intra-abdominal 
and intrathoracic pressures.[9][18] 

The pyloric sphincter contracts and the esophageal 
sphincter relaxes, and there is active antiperistalsis 
within the esophagus, which forcibly expels the gastric 
contents. This is associated with marked vagal and sym-
pathetic activity leading to sweating, pallor, and  brady-
cardia.[9][18] 

PONV is generally influenced by multiple factors that 
are related to patient, surgery and anesthesia and which 
requires release of 5-hydroxytryptamine (5- HT) in a 
cascade of neuronal events involving both the central 
nervous system and the gastrointestinal tract. The 5-HT 

subtype 3 receptor (5-HT3) participates selectively in the 
emetic response.[19]

Otherwise too, seeing multiple mechanism and receptors 
physio-pathologically involved in PONV, a combination 
of antiemetics may be necessary – esp in the high risk 
groups and/ or refractory cases.[20]

PHARMACOLOGICAL FACTORS INFLUENCING 
PONV

Pre-medications are administered to provide sedation, 
anxiolysis, analgesia, reduces secretions and cardiovas-
cular responses during induction. Sevoflurane, transder-
mal scopolamine and benzodiazipines are preferred to 
avoid PONV.[21][22][23]

Many of the drugs used in anesthesia and pain control 
(esp opioids) cause PONV because chemoreceptors in the 
CTZ monitor substances in the blood and cerebrospinal 
fluid. The use of opioids for pain relief stimulates the 
vomiting centre via the CTZ. [14]

They also decrease gut motility causing distension. Opi-
oids can increase the sensitivity of the middle ear to 
movement which can cause nausea in some people. This 
explains their association with travel sickness.[14] Paracet-
amol alone is a sufficient pain killer in tonsillectomy and 
thereby also helps in reduction of anxiety and associated 
PONV .[24]

Even reversal of skeletal muscle relaxants like curares 
may need neostigmine and being an anticholinesterase, 
it increases acetylcholine level sufficient to induce PONV.
[26] Inhaled anesthetic agents, such as nitrous oxide, in-
crease the risk of PONV. Nitrous oxide causes gut dis-
tension and pressure on the middle ear, which can both 
contribute to PONV.[14][26] 

Twenty four of twenty seven studies show a greater inci-
dence of emesis associated with nitrous oxide than with 
alternative anesthetics.[27]

Preoperative clonidine has also been preferred over mi-
dazolam as a sedative premedication as it is better effec-
tive against PONV, specially in children.[28]

Glycopyrrolate intravenously before spinal anesthesia 
in caesarean section effectively controls the PONV.[29] 

Gabapentin, an anticonvulsant used in pains like tic do-
loreaux has also been proposed for PONV under similar 
justification of pain modification.[30]

And this anticholinergic benefit considered with antiadr-
energic benefit of clonidine supports the idea that reac-
tionary (and homeostatically compensatory) hyperactivi-
ty of parasympathetic system which follows ‘sympathetic 
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hyperactivity of sympathetic system during surgery’ may 
be a mechanism of PONV.

Some of the older intravenous induction agents such as 
thiopentone are associated with PONV, whereas propofol 
has a lower incidence of PONV.[31][32]

Because of the short duration of action, it is known that 
propofol does not show enough anti-emetic effect for 
PONV and in late post operative period (by now, even 
emetogenic effect of inhalant anesthetics might have 
vanished) it doesn’t differ significantly from inhalational 
anesthesia.[31]

NON-PHARMACOLOGICAL FACTORS INFLU-
ENCING PONV

Differences exist in risk factors of postoperative nausea 
vs vomiting. The authors reported that female gender, 
non-smoking status, and general anesthesia increase 
both PONV; whereas a history of migraine and the type 
of surgery tend to influence nausea only .[33]

And that’s why there remain many contradictory reports 
concerning contribution of a given factor influencing the 
post surgical emetic responses when patients are catego-
rized by a carpet approach of PONV (in adults) or POV 
(in children).[33]

1. Age – Usually children have a higher incidence 
than adults but the lowest incidence occurs in in-
fants (5%). Children aged > 3 years have an aver-
age vomiting incidence of 40%—almost twice as 
frequent as the rate in adults .[34] 

 20% of cases are seen in preschool children with 
a peak incidence in school going children (34-50 
%).[8][35] Sex differences in risk of vomiting are not 
seen in children before puberty.[34]The incidence 
of PONV reaches a peak between 5 and 9 years of 
age .[36]  

2. Sex – Females are more prone to PONV (Rowley 
et al, 1982). and women are three times more 
likely than men to experience PONV .[12][37]

 Hawthorne et al (1995) has suggested that the 
predictive value of female gender diminish fol-
lowing menopause, when the risk to each sex be-
comes equal. [38]

 The incidence of postoperative nausea and vomit-
ing in women undergoing laparoscopy is found to 
be aggravated during menstruation.[39][40]

 Interestingly, droperidol was later shown to be 
ineffective in men while benefitting females irre-
spective of the phase of menstrual cycle – earlier 
studies failed to exhibit it because of sex limited 
(women only) use or smaller sample size .[41]

 Type of surgical procedure – The type of surgery 
performed also has an influence on the incidence 

of PONV and it is independent of other factors .[8] 
 Gynecological and abdominal surgeries are more 

prone to PONV.[12] Later, surgery type as a factor is 
denied through systematic meta-analysis.[42]Rath-
er high risk patient [42] or intraoperative hypoten-
sion has also been implicated in PONV.[34]

 Pneumoperitoneum induced by laparoscopy can 
stimulate vagal response and induce release of 
various emetogenic substances such as 5-hydroxy-
tryptamine and acetylcholine and hence increase 
nausea and vomiting.[43] General anesthesia in-
creases the risk of PONV 11‐fold compared to re-
gional anesthesia.[34]

 It is reported that the incidence of PONV is higher 
in laparoscopy procedures compared with lapa-
rotomy procedures.[44]

 Thus laparoscopic surgeries in females are most 
risky concerning PONV.[8] Surgical factors also in-
clude the effects of intraperitoneal CO2 insuffla-
tion on residual stretching and irritation of the 
peritoneum.[45] The patients undergoing ophthal-
mologic surgery that involves extensive manipula-
tion of extra-ocular muscles are even more prone 
to develop post-operative nausea and vomiting 
because of the oculo-emetic reflex.[46]

 Excessive nausea and vomiting may interfere with 
post-operative care. They lead to increase in the 
intra-ocular pressure (IOP), which in turn may 
cause ocular morbidity.[46]

 In addition, vitreoretinal (VR) surgery often re-
quires intra-operative administration of air, air-
gas or silicon oil into the vitreous cavity for pre-
vention of post-operative tamponade.[46]

 These patients need to be nursed in prone posi-
tion. Presence of PONV does not allow the pa-
tients to be in prone position. In such cases, keto-
profen with centrally and peripherally mediated 
analgesic activity can safely replace opioids as 
pain killer[46] 

 In adults, many of the short-duration ophthal-
mologic surgeries are undertaken under regional 
anesthesia obviating the need of opioids as pain 
killer which could further aggravate PONV.[46] As 
regional anesthesia is not feasible in children and 
young adults, ketoprofen can be chosen.  It has 
liposomal membrane stabilizing action and anti-
bradykinin activity and inhibitory effects on leu-
kotriene synthesis. Thus ketoprofen acts rapidly, 
producing analgesia within 10 minutes from an 
intravenous bolus dose.[46]

3. Duration of surgery- PONV increases with dura-
tion of surgery and anesthesia because of greater 
accumulation of emetogenic anesthetic agents .[8]

[47]   
5. Previous history of PONV- Greater complications 

has been seen in patients with previous history of 
motion sickness and PONV.[48]
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 Either due to previous experience of PONV or be-
cause of general fears about a hospital admission, 
apprehension can increase the likelihood of PONV 
occurring. This might be because of conditioning 
or learned responses.[14]

6. Gastric distension- Increased incidences of PONV 
have been seen in patients with gastric distension. 
The use of N2O during laparoscopic procedures 
has been considered to be an important problem 
because of its propensity to produce bowel disten-
sion during the surgery and to increase the inci-
dence of PONV.[49]

 Emergency, in which patient is operated without 
“empty bowel since the night before”), can also be 
a factor for PONV.[14]

7. Smoking status – non-smokers are more prone to 
PONV – it might be due to gradual desensitization 
of CTZ due to continued smoking which initially 
and universally induces nausea and vomiting .[41]

8. Other than drugs being used before, during or after 
anesthesia and surgery, an important confound-
ing factors can be obesity (lipid soluble drugs may 
get deposited in the adipose tissue and continue 
longer to causes this ADR) .[14] But some studies 
deny the role of body mass index in PONV .[2]

9. Postoperative pain. It is very important to man-
age postoperative pain as it can prolong PONV by 
increasing gastric emptying time .[22]At the same 
time, prevention of PONV in surgical patients gets 
similar priority to that of alleviating postoperative 
pain .[3]

 Patient controlled analgesia (PCA) is a common 
measure against post operative pain but PCA is 
not without side effects and pain relief with opi-
oids is achieved at the expense of PONV, which is 
a commonly reported symptom.[50]

IMPACT OF PONV

Problems associated with vomiting are loss of fluid and 
electrolytes, exhaustion, soreness and patient distress 
.[14] The negative impact of PONV on patient’s physical, 
metabolic and psychological condition not only  delays 
discharge from or cause re-admission to hospital but also 
decreases the confidence level in future surgery and an-
esthesia .[5]

S. Chatterjee et al 2011 documented that an episode of 
vomiting prolongs postanesthetic care unit (PACU) stay 
by about 25 minutes and even patients were willing to 
pay at their own expense, for a completely effective an-
tiemetic.[18]

Table 1: Complications of PONV[14]

Complications of PONV

Obstruction of airway

Aspiration of vomit which can lead to aspiration pneumonia

Complications following maxillofacial / plastic / ocular 
surgery

Possible wound disruption

Raised intracranial pressure in neurosurgical patients

Dehydration and electrolyte imbalances

Increased pain, discomfort and distress

Problems with pain control if opiates are the cause

Delay in giving oral analgesic and other medications

Exhaustion

Interference with nutrition

General delay in mobilization and recovery

It is estimated that approximately 0.2% of all patients may 
experience intractable PONV leading to increased medi-
cal costs.[18] Vomiting also increases the risk of esopha-
geal perforation, and bleeding. The increased abdomi-
nal pressure during emesis may cause tension on suture 
lines resulting in incisional hernia.[41]

As well as medical complications, nausea and vomit-
ing can have psychological effects on patients, such as 
discomfort and distress; shame and embarrassment; ex-
haustion; dissatisfaction with the outcome of the opera-
tion; and fear of further surgery .[14]

Research has shown that nausea and vomiting are feared 
far more in comparison to post-operative pain, and 
PONV is ranked as a major concern by the most surgi-
cal patients .[41] Each episode of emesis delays discharge 
from the recovery room nearly by 20 minutes .[34]

Patients might become extremely distressed, which in 
turn can cause them anxiety about undergoing further 
surgery. PONV also has cost implications in terms of 
nursing time, delayed recovery, hospital resources and 
possible re-operation costs .[14]

CONCLUSION

In the present scenario, though we have better under-
standing and knowledge about the pathophysiology of 
nausea and vomiting and use of more stable and effec-
tive anti-emetics, the postoperative nausea and vomiting 
(PONV) continues to be the most disturbing complica-
tion following surgery and anaesthesia.
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