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Abstract

Nausea and vomiting are among the most common complaints in the postoperative period. The type of
surgical technique and the site of intervention, as well as the anesthetic drugs and methods directly contribute
to the rates of postoperative nausea and vomiting (PONV). One of the most important factors affecting the
frequency of postoperative nausea and vomiting is the anesthetic drugs and methods used. Many antiemetic
drugs are used to prevent postoperative nausea and vomiting. With the use of these drugs, side effects
especially such as delayed recovery from anesthesia, dry mouth, undesirable changes in blood pressure and
the occurrence of extrapyramidal symptoms are seen. Several antiemetic drugs are commonly used for the
treatment of postoperative nausea and vomiting; including scopolamine, chlorpromazine, diphenhydramine,
metoclopramide, promethazine, and ondansetron. Low-dose haloperidol and metoclopramide are effective in
opioid-induced nausea and vomiting. Dexamethasone reduces the incidence of postoperative nausea in the
first 6 hours after surgery. Oral intake starts in patients with severe vomiting parenteral fluid and electrolyte
treatment is required. Sometimes provide may need gastric decompression with nasogastric tube. Parenteral
fluid and electrolyte treatment and in severe cases gastric decompression with a nasogastric tube may be
necessary. Alternative medicine such as acupuncture and acupressure can help prevent or reduce
postoperative nausea and vomiting. The aim of this review is to examine the medical therapies and drug-free
methods used for the treatment of PONV in the light of the literatiire
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Introduction:

Address for correspondence/reprints: Postoperative nausea and vomiting (PONV) are
the most frequent early complications of general
anesthesia, causing dissatisfaction in the

Ebru Canake: anesthesiologist and the patient. A considerable
number of patients describe PONV among the most

Telephone number: +90 (532) 265 16 87 discomforting postoperative complaints, even more
) ) ) unpleasant than pain (Macario et al.,1999; Macario,
E-mail: canakciebru@gmail.com Weinger, Truong et al.1999; Gan et al.2003). In the

literature, the incidence of PONV is reported to be
25-30% in the absence of pharmacological
DOI: 10.19127/mbsjohs.637394 treatments and 70% in high-risk patients in the
general population. Despite these high rates,
completely effective prevention and treatment
strategies have not been established for PONV, yet
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(Huang et al.,2001; Gan et al.,2003). However,
several risk factors and preoperative prophylactic
antiemetic treatment strategies have been defined in
recent studies and published guidelines (Apfel et
al.,1999; Gan et al.,2003; McCracken et al.,2008).
The reported risk factors of PONV include the type
of surgery, female gender, being a non-smoker,
previous experiences of PONV or motion sickness,
and postoperative opioid use (Apfel et al.,1997;
Myklejord et al.,2012). In the guidelines published
in 2003 and 2008; symptomatic treatment with
antiemetics is recommended for low-risk patients,
prophylactic antiemetic use is recommended only
for the treatment of moderate-to-high-risk patients,
and drug combinations are recommended only for
the high-risk patients (Gan et al.,2003; McCracken
et al.,2008). For preventing the development of
PONV, different classes of antiemetics are used:;
including dexamethasone, 5-hydroxytryptamine,
serotonin  (5-HT3) receptor antagonists, and
dopamine receptor antagonists. These
pharmacological agents have their mechanisms of
action independent from each other. It is reported
that the efficacy of antiemetics is limited in
monotherapy but enhanced in combined use (Henzi
et al., 2000; Apfel et al., 2004). Particularly, the
combined use of dexamethasone with 5-HT3
receptor antagonists is known to be associated with
an enhanced antiemetic activity (Eberhart et al.,
2000; Henzi |, Walder B et al., 2000).

The aim of this article is to review the
pharmacological and drug-free methods used for the
treatment of PONV in the light of the literature.

1. Definition of Postoperative Nausea and
Vomiting and General Information:

Complaints of nausea and vomiting developing
in the first 24 hours after surgical intervention are
defined as postoperative nausea and vomiting
(PONV). PONV is a common condition associated
with the administration of anesthesia, leading to
patient dissatisfaction. It may sometimes become
severe enough to contribute to intolerably high heart
rates or blood pressure, increased intrathoracic
pressure, and central venous pressure. PONV is
reported at rates as high as 80% in high-risk patients
and at a 30% rate in the general population
(Grabowska-Gawet et al.,2006). The most common
patient-related risk factors include being a middle-
aged woman, a non-smoking woman, and having a
history of PONV or motion sickness. The treatment-
associated factors to develop PONV include the use
of volatile anesthetics (inhalation anesthetic
agents), prolonged surgery, N>O use, and
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administration of postoperative opioids. The type
and the site of surgery are among the major players,
too; with ocular, tympanic, intracranial, abdominal,
and gynecologic operations posing a high risk to
develop PONV (Grabowska-Gawet et al.,2006).
Grabowska-Gawet et al. study on patients receiving
general anesthesia reported that nausea and
vomiting were observed in 22.7% and 13.2% of the
patients respectively and that 14.2% of the patients
had developed both symptoms (Grabowska-Gawet
et al.,2006).

1.1. Pathophysiology

The pathophysiology of nausea and vomiting
involves complex mechanisms and has not been
completely understood, yet. Nausea is a conscious
sensation and vomiting is a complex reflex. The
former requires the involvement of cortical
structures and the latter is controlled by the medulla
oblongata. The act of vomiting requires
coordination of systems including the involvement
of emesis-related afferents combined with the
actions of the respiratory, gastrointestinal, and
abdominal muscles. This whole process is mediated
by a specific area in the central nervous system,
namely the vomiting center. The current hypothesis
suggests that there are neurons in the medulla
oblongata, specifically organized for being
activated by the nausea center; which coordinates
nausea and emesis to occur sequentially. This
hypothesis favors the concept of a "central stimulus
pattern”, suggesting that it is more acceptable than
the "vomiting center" concept (Aygin et al.,2004).
Even though the nucleus tractus solitarius (NTS)
and other specific nuclei of the reticular formation
(including the respiratory nuclei) are considered to
be the important sites for generating emesis, the
central stimulus pattern is not well defined (Aygin
et al.,2004). It is reported that NTS activates the
central stimulus pattern and surrounding neuron
groups to generate the autonomic and motor
responses leading to vomiting (Cekmen et al.,2003).

The following anatomical structures are mainly
involved in projectile vomiting;

1. The wvagal afferent
gastrointestinal tract

2. The vestibular system

3. The cerebral cortex,
hypothalamus

4. The area postrema (AP)

fibers of the

thalamus, and
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Enteroendocrine cells induce serotonin synthesis
when circulating drugs or toxins are present in the
system. The synthesis of serotonin stimulates the
vagal afferent fibers of the gastrointestinal tract.
Other types of emesis, psychogenic vomiting, and
vomiting induced by smelling or visual stimuli are
generated by the stimulation of thalamus,
hypothalamus, the respective areas in the cortex,
and the vestibular nuclei; which receive motion-
dependent sensory data (Aygin et al.,2004).

Recent research has focused on AP and the
chemoreceptor trigger zone (CTZ). AP is a specific
area located at the base of the fourth ventricle in the
medulla oblongata. AP is rich in blood vessels, but
it does not have a specific blood-brain barrier. These
properties render the chemoreceptors in the AP
highly sensitive to the effects of circulating
emetogenic agents in the blood and cerebrospinal
fluid. Therefore, AP plays an important role in drug-
induced vomiting. AP receives stimuli from the
emetic receptors in a variety of ways; including the
transmission of stimuli via the direct afferents, and
the visceral vagus nerve. Molecules in the blood
circulation and autonomic stimuli transmitted by the
descending pathways from the hypothalamus
stimulate AP, too (Aygin et al.,2004).
Consequently, the vagus nerve and the neuron
groups associated with nausea and vomiting are
activated by the afferent fibers and interaction of
various neurotransmitters; which are serotonin (5-
HT), dopamine (D), histamine (H), Substance P,
acetylcholine, and opioids. The receptors of these
neurotransmitters are available in the vagal
afferents (5-HT3 receptors), vestibular nucleus
(M3/M5 muscarinic acetylcholine receptors and H1

receptors), AP (M, 5-HT3-, and D2-opioid
receptors), and NTS (m receptors, 5-HTS3,
neurokinin-1, and Substance P receptors) (Aygin et
al.,2004).

Disadvantages of PONV include the discomfort
in the patient, prolonged length of hospital stay, and
delays in recovery (Cekmen et al.,2003). Besides
these untoward consequences, severe PONV is
associated with consequent fluid and electrolyte
loss, aspiration into airways, contamination of the
surgical site, increased strain in the sutured incision
site, and increased intraocular and intraabdominal
pressure (Kayhan Z ,2004; Wesmiller et al.,2017).

The antagonization of neuromuscular blockade,
which was previously thought to be a risk factor for
PONV, showed that obesity and anxiety were not
associated with PONV (Gan et al.,2014).
Postoperative pain, hypotension, capacity for
movement and fluid intake may also predispose to
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PONV (Ozatamer et al.,2010). Simplified risk
models have been developed in order to calculate
the PONV risks of adult patients (The Apfel score,
Table 1). In the absence of any risk factors, the
PONV risk is assumed to be 10%. While the female
gender, non-smoking, history of PONV/motion
sickness, and postoperative opioid use is associated
with a 20% risk for PONV, it is accepted that the
risk increases by 20% with the addition of each risk
factor and reaches 80% in the presence of the four
factors (Gan et al.,2014) (Table 1).

Table 1. Scoring system to predict postoperative
nausea and vomiting in adults (The Apfel Scoring

System)
Risk factor Scoring
Female gender 1
Non-smoking
History of PONV/Motion sickness 1
Postoperative opioid use 1

The total Apfel scores may range from 0 to 4
(Gan et al.,2014).

Risk factors for PONV can be categorized under
three main titles as follows:

1. Patient-dependent risk factors: Female
gender, history of previous PONV, history of
smoking, history of motion sickness, and age.

2. Anesthesia-dependent risk factors: Receiving
inhalation anesthetics, duration of anesthesia, nitric
oxide use, and postoperative opioid use

3. Surgery-dependent factors: Cholecystectomy,
laparoscopic surgical procedures, and
gynecological surgery (Diemunsch et al.,2007).

1.2. Evaluation of Postoperative Nausea and
Vomiting

It is extremely difficult to evaluate PONV
objectively since these complaints are subjective
experiences of the patients. However, the
Abramowitz Emesis Scoring system may help grade
the severity of vomiting (Abramowitz et al.,1983)
(Table 2).
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Table 2. Abramowitz Emesis Scoring System

Evaluation Score
No vomiting 0
Slight vomiting (1 times) 1
Moderate vomiting (2 times) 2
Severe vomiting (4 times) 3
Persistent vomiting 4

1.3. Treatment

The treatment and prevention of PONV are the
major components of the management of these
complaints. Even though some anesthetists prefer to
administer routine prophylaxis to the surgical
patients to prevent PONV; this strategy brings along
additional costs as well as the risks of administrating
extra drugs. A prophylactic strategy can be the
administration of a balanced crystalloid solution as
dehydration in the perioperative period is an
important risk factor to develop PONV. However, it
is more critical to perform an individual risk
evaluation in each patient instead of administering
routine prophylactic management strategies (Table
3) (Apfel et al.,2012).

Table 3. Risk evaluation with the Apfel scoring
in terms of PONV incidence

0 10
1 21
2 39
3 61
4 79

Most patients receiving prophylactic drug
treatment to prevent PONV do not benefit and 1-
5% of these patients may experience mild side
effects such as headache, sedation or dry mouth
(Carlisle et al.,2006). If vomiting occurs despite the
prophylactic management strategies, it will mean
that the pharmacological agents wused for
prophylaxis will not be effective for the treatment
(Kovac et al.,1999).

Kappen et al. conducted a single center
randomized study on 12,032 patients and
demonstrated the efficacy of the risk scoring system
in identifying the patients to administer
prophylactic treatment for PONV (Kappen et
al.,2014). Antiemetic prophylaxis is recommended
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for moderate and severe risk patients to develop
PONV. If two drugs are to be used in combination
for the prophylaxis, they should be selected from
different pharmacological classes. Combination
treatments are usually reported to be more effective
than monotherapy (De Oliveira et al.,2011).

Although the type of surgery is an important risk
factor in the development of postoperative nausea
and vomiting, it has not yet been proven to be an
independent risk factor. The incidence is higher in
some types of surgery (e.g. abdominal surgeries)
due to prolonged exposure to general anesthesia and
high-dose opioid use. Recent studies have shown
that laparoscopic, gynecologic and cholecystectomy
operations in terms of PONV are high-risk surgeries
In summary, surgical-related factors and anesthesia-
related factors can create postoperative nausea and
vomiting with a combined effect (Apfel et al.,2012)
The drugs used to treat PONV are briefly mentioned
in the following section.

1.4 Drugs Used in PONV Treatment

1.4.1 5-Hydroxytryptamine (5-HT?3)
antagonists

Ondansetron, granisetron, dolasetron are the 5-
HT3 agonists and they are used in daily doses of 4-
8 mg. These pharmacological agents act completely
in CTZ, inhibiting the 5-HT3 receptors. Common
side effects of these medications include headaches,
flushing, constipation, elevations in the levels of
liver enzymes, and bradycardia. These medications
are recommended to be given to patients at the end
of surgery (De Oliveira et al.,2012). Ondansetron is
reported as the gold standard treatment option in
many studies in the literature (Jokela et al.,2009).

1.4.2 Dexamethasone

Dexamethasone is an effective antiemetic agent
at daily doses of 4-8 mg. It is recommended to
administer dexamethasone immediately after the
induction of anesthesia to obtain the maximum
effect. The administration of rapid bolus doses of
dexamethasone to awakened patients may cause
irritability, perineal pain, and burning sensation.
Other common postoperative side effects of
dexamethasone include euphoria and insomnia (De
Oliveira et al.,2012).

1.4.3 Cyclizine

Cyclizine is the only pharmacological agent with
H1 antagonist activity displaying antiemetic
properties. Cyclizine is usually recommended to be
administered at a daily dose of 50 mg. Cyclizine has
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been in use for a long time with a well-established
safety and efficacy profile; however, it is not devoid
of some serious adverse effects limiting its use.
These adverse events include flushing and
tachycardia, injection pain, and phlebitis (Habib et
al.,2004).

1.4.5 Phenothiazines

Prochlorperazine and promethazine are the
pharmacological agents in this class. Their use for
the treatment of PONV is limited due to their side
effect profile due to the antidopaminergic and
anticholinergic side effects. Short-term
administration of these medications is most
commonly  associated with  extrapyramidal
symptoms (EPS), acute dystonia, and sedation (anti-
dopaminergic effects). The use of these medications
should be avoided in patients with Parkinson's
disease. Anticholinergic effects manifest with dry
mouth and tachycardia. The effective dose of
prochlorperazine is reported to be 125 mg
administered by an intramuscular injection for
salvage treatment or prophylactic treatment of
PONV (Schaub et al.,2012).

1.4.6 Droperidol

Droperidol antagonizes the dopamine D2
receptors in CTZ. Droperidol is available as a 2.5
mg/ml solution. The recommended dose for the
antiemetic effect is 0.625-1.25 mg to be
administered at the end of the surgical intervention.
However, cardiac complications are reported even
at low doses. Other adverse events include anxiety
and EPS, which are dose-dependent, and which may
occur 12 hours after the administration (Lamond et
al.,1998).

1.4.7 Metoclopramide

Metoclopramide is a weak D2 receptor
antagonist in CTZ. Although the efficacy of
metoclopramide has been reported at doses as high
as 20-30 mg, a single 10 mg dose has been shown
to be effective after intravenous administration for
the prophylactic treatment of PONV in the early
period (Murphy et al.,2006). EPS may develop 72
hours after a single dose. Due to the risk of
developing EPS, metoclopramide use needs to be
avoided in young female patients (Murphy et
al.,2006).

1.4.8 Modes of administration of anesthetic
agents

Anesthetic agents can play a major role in the
development of PONV, demonstrating different
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effects at different doses and modes of
administration. For instance, a bolus administration
of propofol for induction has not been associated
with the development of PONV; however, total
intravenous anesthesia has been shown to reduce the
risk of PONV. Therefore, administration of total
intravenous anesthesia is recommended in high-risk
patients in combination with the use of appropriate
antiemetics agents when indicated (Habib et
al.,2006).

1.4.9 Miscellaneous

Opioid receptor antagonists, such as naloxone at
very low doses (0.25 mg/kg/h) have been
demonstrated to reduce the risk of developing
opioid-associated PONV after the use of opioids to
obtain analgesia (Melzack et al.,1977). There is an
increasing interest in neurokinin-1 (NK-1/substance
P) antagonists. The representing drug in this class is
aprepitant, characterized by a low risk profile,
favorable oral availability, and significant efficacy.
These properties suggest the use of molecules in this
pharmacological class as attractive options when
appropriate. Combination of 5-HT3 and NK-1
receptor antagonists in the treatment for up to 48
hours are reported to reduce the PONV rates
significantly (Habib et al.,2006).

2. Acupuncture in PONV Treatment

Acupuncture is applied to patients by stimulating
the skin and subcutaneous muscle tissue.
Acupuncture points are characterized by lower
electrical resistance and higher electrical potential
compared to the surrounding skin. This principle is
used for locating the acupuncture points with the use
of detectors. Studies on the bioelectrical principles
of acupuncture have demonstrated that it is possible
to accurately measure the differences in the levels
of resistance and electrical potentials. It has been
reported that these findings can be used for
diagnostic purposes, too. Furthermore, almost 70-
80% of the acupuncture points are associated with
the trigger points and most of these points were
found out to be identical with the motor points of
the muscles (Liao et al.,1975; Bokhari et al.,1977).
The P6 (Nei Guan) point is the most commonly used
acupuncture point for the PONV treatment
(Chernyak et al.,2005), located between the flexor
carpi radialis and palmaris longus tendons on the
middle finger line at an approximately 6 mm depth
and 2 thumb breadths (2 cm) away from the inner
curve of the wrist (Chernyak et al.,2005).The P-6
point shown in Figure 1 (Figure 1 taken from
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Guyton Physiology major text book;Guyton et
al.,2001).

Figure 1. Anatomical Localization of P-6 Point

The efficacy of antiemetics is currently limited
for the treatment of PONV. The combination of rare
complications along with the relatively low efficacy
of the pharmacological agents has increased interest
in alternative medicine methods for PONV
treatment (Dundee et al.,1986). Acupuncture is
among the most commonly used and studied
alternative medicine method in anesthesia for the
treatment of PONV (Al-Sadi et al.,1997; Kotani et
al.,2001; Hickman et al.,2005). Stimulation of the
Nei Guan (Pericardium-6) point is effective in
alleviating the severity of PONV (Al-Sadi et
al.,1997; Wang et al.,2002; Hickman et al.,2005). It
is more effective in preventing the development of
early postoperative PONV compared to late
postoperative PONV (Fassoulaki et al.,1993;
Tavlan et al.,1996; Wang et al.,2002). Stimulation
of this acupuncture point with electric current by
using appropriate acupuncture techniques is
reported to reduce the severity of postoperative
nausea (Zarate et al;2001). The efficacy of
stimulating the Nei Guan point in adults and
children has been shown to be same as the
ondansetron therapy in the treatment of PONV
(Fassoulaki et al;1993; Rusy et al., 2002; White et
al., 2002).

A variety of acupuncture stimulation methods
have been tried for the treatment of postoperative
nausea and vomiting. Some of these include the
combination of acupuncture and acupressure,
acupressure treatment alone, acupressure with
electric stimulation, laser stimulation, and capsicum
(Capsaicin) therapy (Tavlan et al.,1996; Shenkman
et al.,1999). However, the best stimulation method
has not been established, yet. Administration of
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treatment methods like the

non-invasive
aforementioned acupuncture stimulation techniques

is easier, painless, and better tolerated by the
patient; however, the number of studies reporting
inefficacy of these methods is considerable and
studies in the literature report partial efficacy only
on nausea but no efficacy on vomiting. Therefore,
non-invasive methods have been suggested to be
less effective and inadequate in the literature
(Dundee et al., 1986; Tavlan et al., 1996).

Conclusion

PONV remains to be a factor contributing to
morbidity and significantly deteriorating patient
comfort. To prevent the morbidity, a risk
classification should be performed to estimate the
development and severity of PONV by evaluating
the patient with the use of the reliable scoring
systems in the preoperative period. A variety of
perioperative and postoperative management
strategies (such as the wuse of prophylactic
antiemetic drugs, avoiding the use of opioids for
analgesia, etc.) can be employed based on the results
obtained by using the risk classification systems.
Alternative methods such as acupuncture and
acupressure can be administered for the treatment of
PONV, too, promising efficacy with no side effects.
We believe that it will very beneficial for
anesthesiologists to be informed of the acupressure
point P-6 (Nei Guan) to offer this highly simple,
inexpensive, and side-effect-free  alternative
management strategy for the treatment and
prophylaxis of PONV.
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