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Background: Intraoperative nausea and vomiting (IONV) or postoperative nausea and vomiting
(PONV) affecting women undergoing regional anesthesia for cesarean section is an important
clinical problem since these techniques are used widely. There are burdens of literature about
IONV/PONYV and several in parturient and cesarean. However, it needs more attention. The
underlying mechanisms of IONV and PONYV in the obstetrical setting mainly include hypotension
due to sympathicolysis during neuraxial anesthesia, bradycardia owing to an increased vagal
tone, the visceral stimulation via the surgical procedure and intravenously administered opioids.
Methods: Given the high and even increasing rate of cesarean sections and the sparse informa-
tion on the etiology, incidence and severity of nausea and vomiting and the impact of prophylactic
measures on the incidence of PONV/IONYV, this article aims to review the available information
and provide pragmatic suggestions on how to prevent nausea and vomiting in this patient cohort.
Current literature and guidelines were identified by electronic database searching (MEDLINE
via PubMed and Cochrane database of systematic reviews) up to present, searching through
reference lists of included literature and personal contact with experts.

Discussion and conclusion: Taking into account the current guidelines and literature as well
as everyday clinical experience, the first step for decreasing the incidence of IONV and PONV
is a comprehensive management of circulatory parameters. This management includes liberal
perioperative fluid administration and the application of vasopressors as the circumstances
require. By using low-dose local anesthetics, an additional application of intrathecal or spinal
opioids or hyperbaric solutions for a sufficient controllability of neuraxial distribution, maternal
hypotension might be reduced. Performing a combined spinal—epidural anesthesia or epidural
anesthesia may be considered as an alternative to spinal anesthesia. Antiemetic drugs may be
administered restrainedly due to off-label use in pregnant women for IONV or PONV prophy-
laxis and may be reserved for treatment.
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Background
Postoperative nausea and vomiting (PONV) is an important clinical problem that
still affects patients undergoing surgery with general anesthesia. With no prior pro-
phylaxis, approximately 30% of all patients suffer from nausea and vomiting in the
postanesthetic period, whereby the highest incidence can be found in the first 6 hours
after surgery.!

Compared to the plethora of literature about PONV, little attention has been paid to
nausea and vomiting occurring during or after regional anesthesia. These techniques
gain increasing attention. Nowadays, about 7% of all surgical procedures worldwide
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are cesarean sections (CSs)? and the majority of them are
performed with neuraxial blockades, ie, epidural anesthesia
(EDA), spinal anesthesia (SPA) or a combined spinal—epi-
dural anesthesia (CSE).

Especially in these patients, nausea and vomiting are also
present during the surgical procedure causing discomfort for
the parturient (and her escort), impair surgical conditions for
the gynecologist and can lead to medical side effects such as
aspiration of gastric content, enhanced intra- and postopera-
tive pain and even bleeding or surgical trauma.’

Risks and mechanisms of PONV/
intraoperative nausea and vomiting

(IONV)

Current literature indicates a high incidence of IONV dur-
ing CS under SPA up to 80%.*° Pregnant women are already
likely to suffer from nausea and vomiting because of the
pregnancy itself. This is applicable not only to the first 3
months of pregnancy but also to the third and last trimester
due to the reduced tone of the esophagogastric junction and
an increased intraabdominal pressure.® Moreover, pregnant
women can be assigned to a high-risk group regarding the
likelihood of the occurrence of nausea and vomiting of any
origin (motion sickness, chemotherapy-associated nausea and
vomiting and PONV). Consulting Apfel’s predictive PONV
score that consists of four ascertained risk factors (female,
nonsmoker, opioid use, previous PONV events or motion sick-
ness),’ parturients often meet at least two of these criteria with
their gender and the nonsmoker status. However, it remains
unclear whether the same risk factors are associated with
PONYV and with IONV under SPA. Females undergoing CS
might be affected by different mechanisms that trigger nausea
and vomiting than patients who undergo general anesthesia.®

As mentioned earlier, in most cases, a cesarean delivery
is performed with neuraxial analgesia techniques®'® such as
SPA or EDA. In addition, CSE analgesia is frequently used.
Established medications used for an SPA or EDA (local
anesthetics and opioids) have a regional effect; they do not
pass the placenta to a large extent and presumably do not
cause major unintended (adverse) effects to the fetus. But
there are also disadvantages regarding neuraxial techniques:
The injected local anesthetic does not only specifically block
the pain fibers but also leads to a vasodilatation by affecting
sympathetic efferences. Due to the induced temporary sym-
pathicolysis, blood pressure fluctuation in terms of significant
hypotension can occur. On top of that, the increased vagal
tone entails bradycardia which is often accompanied with
nausea and vomiting.'!12

Additively, patients scheduled for an elective cesarean
delivery have to fast for many hours in case of the necessity
for a rapid sequence induction where an emergency intuba-
tion has to be performed. Besides the expected blood loss of
several hundreds of milliliters within a short time, there can
also occur a major bleeding. Depending on the parturient’s
cardiac output and other circulatory variables, compensating
huge blood loss can take several minutes. Meanwhile, the
blood pressure may further decrease. These events cause a
reduced perfusion of the brain. This ischemia may activate
the vomiting center in the medulla oblongata.'® As a result,
patients can be affected by nausea and — in worst case — vomit-
ing. In addition, the unavoidable manipulation of the uterus
and peritoneum as well as the exteriorization of the uterus
during surgery can cause nausea and vomiting by activat-
ing afferent vagal afferences.'* During pregnancy, various
hormonal changes happen; therefore, the sphincter tone of
the esophagus decreases. In addition, uterotonic medications
administered after delivery of the baby (eg, oxytocin and
ergot alkaloids) may induce nausea and vomiting.'>'” For
enhancing the analgesic quality, an opioid (eg, morphine or
sufentanil) is frequently added. But not only for intrathecal
or EDA application opioids are used. In some cases, it is also
necessary to supplement regional anesthesia with a systemic
injection of opioids to achieve sufficient analgesia and obtain
a satisfactory pain relief. Systemic opioids can cause nausea
and vomiting and therefore they represent another factor
influencing the likelihood of nausea and vomiting as already
shown by many studies in other patient cohorts.!®!

For all parturients and their families, a natural birth as
well as a cesarean delivery represents a sentinel event in
the lifetime. This excitement activates the adrenergic sys-
tem. As a compensation mechanism, the parasympathetic
system might be upregulated. An overreaction (in terms of
a vagal hyperactivity) might also be the reason for nausea
and vomiting.* Furthermore, patients may be requested to
have a fasting period prior to elective surgery, thus boost-
ing a strange abdominal feeling that might be interpreted as
feeling nauseous.

Methods

Given the high and even increasing rate of CSs and the sparse
information on the etiology, incidence and severity of nausea
and vomiting and the impact of prophylactic measures on
the incidence of PONV/IONYV, this article aims to review
the available information and provide pragmatic advice on
how to tackle nausea and vomiting in this patient cohort. The
main focus was on the use of pharmacological interventions
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in terms of antiemetic prevention. Other measures will be
discussed briefly, eg, vasopressor treatment, volume pre- and
co-loading, if they are feasible in this setting and represent
clinical meaningful interventions.

Current literature and guidelines were identified by
electronic database searching (MEDLINE via PubMed and
Cochrane database of systematic reviews) up to current,
searching through reference lists of included literature and
personal contact with experts.

This narrative review focuses on new challenges and
solutions regarding the prevention of nausea and vomiting by
reviewing the recent literature and taking current guidelines
on the management of anesthesia during CS into account.

Discussion: current guidelines and

literature

In 2004, the British National Institute for Health and Care
Excellence published a guideline (NICE guideline) regard-
ing anesthesia during CS for the first time and the topic was
again taken up in the second, updated version which was
released in 2011.%° Some of the recommendations directly or
indirectly target the prevention of nausea and vomiting. The
latter are cited, briefly presented and critically evaluated by
putting them into current literature context.

Women who are having a CS should be offered regional
anaesthesia because it is safer and results in less maternal and
neonatal morbidity than general anaesthesia. This includes

women who have a diagnosis of placenta praevia.?’

First, regional anesthesia should be offered to the patient
as the preferred anesthesia procedure for CS. The several
advantages of neuraxial procedures during CS have long
been known to be most suitable for mother and newborn.
Regarding PONV prevention, the non-opioid analgesics
should be used to reduce the doses of opioids. In terms of
PONYV prevention, however, the choice of a regional anes-
thesia technique does only make sense if the event rate for
hypotension — and consequently symptomatic hypotension —
is low. If hypotension occurs frequently due to inadequate
preventive measures and/or is not readily treated, a regional
technique by no means offers an advantage in terms of
nausea prevention.

Hypotension
Women who are having a CS under regional anaesthesia
should be offered intravenous ephedrine or phenylephrine,
and volume pre-loading with crystalloid or colloid to reduce

the risk of hypotension occurring during CS.?

Intravenous ephedrine or phenylephrine should be used
in the management of hypotension during CS. The operating
table for CS should have a lateral tilt of 15°, because this

reduces maternal hypotension.?

During a CS using regional anesthesia procedures, ephedrine,
phenylephrine or Akrinor® (cafedrine/theodrenaline) as well
as preloading with crystalloids or colloids should be used to
minimize the risk of hypotension.'!?

The preemptive or early use of antihypotensive agents
is an important way to avoid one of the main causes for
nausea and emesis throughout CS. But simple relying on
preventive administration should be avoided because of the
risk of excessive blood pressure reactions and thus a possible
insufficient placental supply. Ephedrine or phenylephrine is
recommended as an antihypotensive drug. Meanwhile, phen-
ylephrine may be viewed internationally as the first-choice
agent. However, the use of phenylephrine is associated with
an increased risk for resulting bradycardia, which makes the
drug unsuitable if the heart rate is already lowered. Compared
to phenylephrine, a higher rate of fetal acidosis was shown
using ephedrine. Cafedrine/theodrenaline, which has a long
history of use in Germany, has also a long history of use in
the therapy of hypotension in the context with regional anes-
thesia for CS and has shown a positive side-effect profile.?!
However, major clinical examinations and data are still miss-
ing.??? The most recent systematic review on this topic ana-
lyzed the use of prophylactic phenylephrine for CS under SPA
to avoid hypotension and was published in 2014 by Heesen
et al.?* The authors found out that phenylephrine offered to
the parturients via infusion before the performance of CS
reduced the occurrence of IONV by preventing hypotension
significantly. The latter study emphasized the importance of
preventing the hypotension in conjunction with the central
neuraxial block.

The term “preloading” describes the administration of
fluids before implementing a neuraxial method. Positive
effects on the prevention of hypotension, especially in SPA,
could only be shown slightly and temporarily. Physiologically,
this is mainly due to the short intravascular availability of the
solutions, especially crystalloids. The use of colloidal solu-
tions is listed as a possible alternative. Hydroxyethyl starch
(HES), especially new generation like HES 6% 130/0.4,
despite all criticism and limitations in the field of intensive
care medicine, appears to be appropriate from the authors’
point of view, since there is convincing evidence that a
(mixed) colloid—crystalloid regime in different settings is
better suited to maintain blood pressure and thus reduce the
incidence of symptomatic hypotension than a crystalloid
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regime alone.*>2¢ The “co-loading” method, ie, the rapid
application of solutions during SPA is not universally and
consistently considered the method of choice.?” There are still
insufficient data to have a final decision on these aspects, and
the underlying variation in practices and settings as well as
studied cohorts of patients makes it difficult to gain a holistic
and satisfying picture with regard to volume loading and the
timing of this intervention.

Nevertheless, adequate infusion management seems to
be important in terms of reducing significant hypotension
during CS under regional anesthesia. Prehydration and liberal
administration of fluids in the initial phase of neuraxial anes-
thesia (co-loading) decrease the occurrence of intraoperative
hypotension, and therefore one of the main reasons for nausea
and vomiting. Systematic reviews on this topic comparing
colloids and crystalloids in the prevention of hypotension
concluded that colloid infusion provided significantly better
prophylaxis.?>2¢ Mercier et al* conducted a randomized con-
trolled trial (RCT) testing HES versus Ringer’s lactate (RL)
for preloading combined with phenylephrine. As a result,
HES followed by RL infusion was most effective in reducing
hypotension and proved safety. When administering colloids,
preloading seems to be more effective than co-loading; for
crystalloids, it may be vice versa due to a rapid redistribu-
tion.”® Overall, there is sufficient evidence to justify the use
of colloid solutions in the setting of the prevention of spinal
hypotension in conjunction with CS.

Optimal positioning for the avoidance of aortocaval com-
pression syndrome, using either a lateral tilt of the operating
table or alternatively a 15° wedge under the women’s right
hip, is recommended. However, in clinical practice, this goal
is rarely achieved.? For a lateral tilt equal to 15° to prevent
hypotensive episodes, no definitive answer can be given based
on the current literature.* Even such a maneuver requires
objective measurement,? but finally, if not considered effec-
tive,?! cannot be regarded as a measure of choice.

No adequate evidence could be found for other tech-
niques, such as the use of elastic stockings.

Prophylaxis of aspiration
To reduce the risk of aspiration pneumonitis women should
be offered antacids and drugs (such as H2 receptor antago-
nists or proton pump inhibitors) to reduce gastric volumes
and acidity before CS.%

The prevention of aspiration and possibly following aspi-
ration pneumonitis is based on two considerations: on the
one hand, reducing the gastric filling volume to the greatest
possible extent, and on the other hand, neutralizing gastric

acid largely. The volume can be significantly reduced by
abstinence of food and fluids. The use of prokinetic drugs,
such as metoclopramide, for enhanced volume reduction — as
suggested by the European Society of Anaesthesiology (ESA)
fasting guideline — may further decrease the incidence of
nausea and vomiting.>?

The pH of the gastric content can be positively influenced
by several drug groups. Antacids such as sodium citrate
increase the gastric pH, the administered volume seems to
be rather irrelevant. Histamine-mediated acid secretion is
successfully inhibited by H2 blockers such as cimetidine
or ranitidine. The importance of timely application before
actual CS should be noted. Cimetidine is considered obso-
lete by now, as it inhibits more cytochrome P450-dependent
metabolic processes than ranitidine and therefore causes a
greater number of side effects and interactions.

In studies, a higher mean pH could be achieved for raniti-
dine instead of proton pump inhibitors.*

Direct PONV prophylaxis
Women having a CS should be offered antiemetics (either
pharmacological or acupressure) to reduce nausea and

vomiting during CS.?

One of the challenges in preventing nausea and vomiting in
women undergoing anesthesia for CS is to find the best pro-
phylaxis and treatment for mother and the fetus or newborn
with respect to efficacy and safety aspects. With respect to
antiemetic drugs used for the prevention of PONV after
general anesthesia, many substance classes have proven
efficacy in their routine clinical use. An official license for
many drugs that can be used for pregnant women is still miss-
ing due to the lack of evidence. Frequently used drugs are
antihistamines such as dimenhydrinate, serotonin antagonists
(eg, ondansetron), dopamine antagonists (metoclopramide)
and corticosteroids (dexamethasone).**3* Drugs from differ-
ent classes seem to complement each other concerning their
antiemetic effects.*

For the antiemetics granisetron, ondansetron, droperidol
and metoclopramide as well as for propofol, RCTs that were
performed and analyzed provided the basis for the NICE
guideline.?’ The implementation of each substance resulted in a
significant reduction in nausea and vomiting. A higher effective-
ness could be shown for ondansetron than for metoclopramide.
Former considerations on negative cost balance of ondansetron
in comparison to metoclopramide leading to the NICE recom-
mendations suggest for metoclopramide are no longer valid
since most 5-hydroxytryptamine receptor 3 (5-HT3) receptor
antagonists are available as generic preparations.”
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Ondansetron is not recommended for use during preg-
nancy and lactation by the pharmaceutical manufacturers.
Powerful studies are missing.>* However, an increasing body
of evidence suggests that these drugs can be used safely in the
perioperative setting also in CS patients: a marked increase
in ondansetron use, prescribed to nearly one-quarter of
insured pregnant women in 2014, occurring in conjunction
with decreased use of promethazine and metoclopramide has
been reported.’” Albeit, based on limited human pregnancy
data, ondansetron has not been associated with a significantly
increased risk of birth defects or other adverse pregnancy
outcomes.

Furthermore, it appears that 5-HT3 antagonists show a
significant reduction in bradycardia by inhibiting Bezold—
Jarisch reflex.?! In addition, drugs of this class reduce the
incidence of itching caused by intrathecal administration of
opioids, a frequently used technique to reduce the amount
of local anesthetics needed for a sufficient sensory block.
Furthermore, in recent years, the use of serotonin antago-
nists, and especially ondansetron, has gained some research
and clinical interest as prophylactic measure to reduce the
occurrence of hypotensive episodes.!!

A systematic review on the use of antiemetic drugs was
published by Griffiths et al.* A total of 41 RCT s with 5,046
participants conducted between 1986 and 2012 were included
and analyzed regarding the occurrence of IONV and PONV.
The authors found a significant reduction for both IONV and
PONYV with dopamine receptor antagonists (metoclopramide
and droperidol) and sedatives (mostly propofol). Dexametha-
sone only showed a reduction concerning intraoperative
symptoms but not in the postoperative setting. With sero-
tonin receptor antagonists such as ondansetron, the authors
detected a lower incidence of IONV and PONV. Despite the
quite large number of included trials and participants, it was
not possible to make a clear statement with regard to supe-
riority of any drug class or the incidence of adverse effects.
Voigt et al* conducted an RCT in 2013 investigating the use
of different drugs for the prevention of IONV and PONV.
Groups that were under investigation included 1) tropisetron
2 mg and metoclopramide 20 mg versus 2) dimenhydrinate
31 mg and dexamethasone 4 mg versus 3) tropisetron 2 mg
alone or 4) placebo. The authors found out that all antiemetic
drugs reduced IONV and PONV significantly. The greatest
benefit was achieved with a combination of tropisetron and
metoclopramide with no safety concerns. Since tropisetron is
not available any more, it might be substituted by other 5-HT3
receptor antagonists, such as ondansetron or granisetron.

Dexamethasone as an antiemetic is not mentioned in the
NICE guideline. Corticosteroids achieve their maximum
antiemetic effect after approximately 90 minutes. Thus,
premedication before the procedure might be reasonable
while intravenous administration intraoperatively cannot
be recommended if immediate treatment is warranted.*!
However, it may be considered for combination prophylaxis
in conjunction with another drug with a different receptor
profile.*> Sane et al*® published results of a randomized,
prospective, double-blinded study in 2015. The trialists
included 90 parturients undergoing elective CS with SPA
and investigated the effectiveness of ondansetron 4 mg or
dexamethasone 8 mg or a combination of both drugs. As
a result, the incidences for both IONV and PONV were
the lowest with a combination prophylaxis. The efficacy of
dexamethasone as a monoprophylaxis was already shown by
Cardoso et al.** With regard to dexamethasone, it has to be
taken into consideration that Basurto Ona et al** performed a
systematic Cochrane review in 2013 which indicated a higher
incidence of post-dural puncture headache after SPA for CS
when using dexamethasone.

Referring to an RCT by Stein et al,* the NICE guidelines
set antiemetics equal to acupressure, as no significant dif-
ference in the efficiency of both methods was shown in this
particular study. Indeed, the effects of P6 point stimulation
(pericard 6, also Nei Guan) have been investigated in many
clinical trials.

Based on Cochrane reviews,* efficiency in prophylaxis
and therapy of PONV was demonstrated. It has to be men-
tioned that there is a very high heterogeneity in the used
techniques as applied in the included studies (acupressure,
mechanical versus electrical stimulation or acupuncture) as
well as in the type and time of application (bilateral versus
one-sided) and the duration of implementation for PONV
prevention and therapy. However, clear results for the specific
question of P6 stimulation during a CS are lacking. On this
matter, studies show contradictory results.**4” As a result, it
is still not possible to make a clear and more precise recom-
mendation concerning this special sector. In everyday use,
the pharmacological intervention is applied in most cases.
Arguments against stimulation are — besides the uncertain
data situation — the inexperience with the technique and
potential technical problems. Nevertheless, the potential
effectiveness of P6 stimulation should not be ignored and
may be considered especially relevant if an exposure toward
pharmacological interventions should be avoided. Further
studies are necessary.*®
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Authors’ statement and conclusion
Taking into account the preliminary findings and everyday
clinical experience, the following aspects need to be addressed
for reducing the risk of IONV and PONV in patients undergo-
ing CS with central neuraxial blockade. In the first place, it
is important to provide adequate aspiration prophylaxis with
histamine antagonists. The dopamine receptor antagonist meto-
clopramide may be considered in addition to antihistamines. To
reduce nausea and vomiting associated with the hypotension
induced by the central neuraxial block, a sufficient infusion of
crystalloid or colloid solutions before and during the central
neuraxial blockade has a significant preventive effect. On top of
that, relevant deviations of the baseline blood pressure should
be corrected liberally with antihypotensive drugs such as ephed-
rine, phenylephrine or cafedrine/theodrenaline. Concomitant
measures may be considered, such as the use of low-dose local
anesthetics,* the additional application of intrathecal or spinal
opioids to reduce the amount of local anesthetics needed* or
the use of hyperbaric solutions for a sufficient controllability
of neuraxial distribution.*** However, the overall impact of the
local anesthetic (drug, baricity) remains poorly understood and
may be less than previously anticipated.® The limitations of
reducing the amount of local anesthetics are clearly represented
by the need to establish an adequate block height to guarantee
apainless CS. To circumvent these conflicting goals, the use of
a CSE may be considered as a useful option. Finally, it should
be noticed that the use of EDA analgesia per se is considered
the most appropriate tool to prevent profound hypotensive
episodes by using a cautious titration of the local anesthetics.
EDA, even when applied as a single slow bolus, is considered
superior in terms of hemodynamic stability when compared
with intrathecal local anesthetic.”!

These options should be considered first to avoid the
typical hazard for pregnant women receiving regional anes-
thesia. Keeping one’s eyes open to the incidence of nausea
and vomiting can detect institutional difficulties and the
necessity for further improvement. If these arrangements
fail to prevent IONV and PONYV, one should reflect potential
causes (eg, restrictive fluid management) and reconsider the
preventive options mentioned earlier by remaining alert to the
gaps in anesthetic care. Otherwise, there are two further pos-
sibilities of choice: prophylaxis of IONV/PONYV occurrence
or immediate and sufficient treatment. Many drugs that are
standard treatment of PONV are used rather reluctantly for
parturients. In most cases, reliable evidence is still lacking
whether these drugs can be used without hesitation. There-
fore, almost all drugs are applied without a dedicated label by
the manufacturer. However, to ensure an enhanced recovery,

prophylactic measure might be reasonable, eg, ondansetron,
which gained attraction in recent trials also to prevent hypo-
tension.!! More studies investigating efficacy and safety
aspects have to be conducted to assure reliable results and
recommendations. Evidently, physicians have to bear in mind
the risk—benefit profile when administering antiemetic drugs.
Since hypotension is the most important single causal factor
for the occurrence of IONV or PONV in conjunction with
regional anesthesia, we would like to challenge the NICE
recommendation to offer antiemetic prevention apart from
dedicated cases. In summary, we would like to question as to
whether offering specific antiemetic prophylaxis apart from
preventing hypotension in conjunction with central neuraxial
block in a rigorous manner is really justified.
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