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Background: Serotonin-also known as 5-hydroxytryptamine or 5-HT-can induce nausea and vomiting (NV) by periph-
eral mechanisms via the activation of 5-HT3 receptors. In this study, we observed perioperative NV, including intraopera-
tive NV, and changes in serum 5-HT concentrations. We evaluated the relationship between perioperative NV and serum 
5-HT levels in patients undergoing cesarean section under epidural anesthesia, and carried out a pilot study to determine 
if further studies on a larger scale were justified.
Methods: Twenty-eight patients who were scheduled for cesarean section under epidural anesthesia were included in the 
study. Patients were assigned to 2 groups according to the occurrence of NV after induction, i.e., an NV-positive or an 
NV-negative group. Serum 5-HT concentrations were measured before induction, at the time that NV occurred (in the 
case of the NV-positive group) or 5 min after the umbilical cord clamping (in the case of the NV-negative group) during 
surgery, and at 2 h postoperatively.
Results: NV occurred in 10 of the 28 patients. No significant differences in serum 5-HT concentrations were found with-
in or between the two groups.
Conclusions: This study suggests that there is no correlation between serum 5-HT concentration and the occurrence of 
perioperative NV in patients undergoing cesarean section under epidural anesthesia, and the findings do not seem to 
support further investigations regarding a possible relationship between serum 5-HT concentration and perioperative 
NV. (Korean J Anesthesiol 2014; 67: 384-390)
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Introduction

Regional anesthesia is a highly effective, reliable, and safe 
anesthetic technique, and is currently the standard for elective 
and emergency cesarean section. However, despite its many ad-
vantages, a major drawback [1] is that perioperative nausea and 
vomiting (NV), a common and distressing side effect, develops 
in up to 80% of patients receiving regional anesthesia. It is well 
known that serotonin-also known as 5-hydroxytryptamine or 
5-HT-plays a key role in the development of NV in many situ-
ations. Serotonin, which is markedly released from enterochro-
maffin (EC) cells in the gastrointestinal (GI) mucosa as a result 
of chemotherapy, may pass into the systemic circulation and act 
directly on central serotonin receptors in the vomiting center of 
the brain, causing chemotherapy-induced emesis (CIE) [2,3]. 
Serotonin receptor antagonists are very effective at preventing 
NV during regional anesthesia for cesarean section in parturi-
ents [4-6]. They act centrally by competitively and selectively 
binding to 5-HT receptors in the chemoreceptor trigger zone 
of the central nervous system, as well as peripherally by block-
ing the receptors in the GI tract, thus preventing the action of 
5-HT and inhibiting emesis [7]. Conversely, 5-HT can also act 
systemically and locally. If direct mechanical compression of the 
GI mucosa by a large gravid uterus and peripheral venous pool-
ing induced by regional anesthesia cause substantial ischemia of 
GI mucosa, then a large amount of 5-HT may be released. The 
5-HT that is released would pass into the systemic circulation, 
act directly on the central nervous system, and thereby cause 
NV by a mechanism similar to that of CIE. However, there are 
no reports that confirm a relationship between an increase in 
peripheral 5-HT and perioperative NV in patients undergoing 
cesarean section under regional anesthesia. In this study, we 
observed perioperative NV, including intraoperative NV, and 
changes in serum 5-HT concentrations. We evaluated the rela-
tionship between perioperative NV and the serum 5-HT level in 
patients undergoing cesarean section under epidural anesthesia.

Materials and Methods

After obtaining the approval of our hospital’s Institutional 
Review Board and written informed consent from the patients, 
34 parturients, aged 22-37 years and of the American Society of 
Anesthesiologists (ASA) physical status II, who were undergoing 
elective cesarean section were enrolled in this study. They un-
derwent epidural anesthesia without premedication for cesarean 
section. The patients who experienced NV during the intraoper-
ative and immediate 2 h postoperative periods were categorized 
as the NV-positive group, whereas those who did not experience 
NV were categorized as the NV-negative group. The latter group 

consisted of patients who did not experience either nausea or 
vomiting since the first trimester of pregnancy, did not take any 
drugs known to interfere with the serotoninergic system within 
48 h prior to the operation, and had avoided foods such as ba-
nanas and nuts, which are known to increase serotonin levels, 
from the day before the study. Patients were excluded if they had 
experienced severe gravid emesis, pre-eclampsia, or eclampsia. 
Patients with a psychological disorder or a cardiovascular, pul-
monary, or endocrine disease were also excluded.

Standard electrocardiography and pulse oximetry monitor-
ing were started once the patients arrived at the operating room. 
The radial artery was cannulated for blood samplings and blood 
pressure measurements under local anesthesia. The heart rate 
and blood pressure were recorded at 3 min intervals. All patients 
received a rapid infusion of 1,000-1,500 ml (20 ml/kg) of lac-
tated Ringer’s solution before an epidural injection of the local 
anesthetic. With the patient in the left lateral decubitus position, 
an 18 G Tuohy needle was inserted into the L3-L4 interspace us-
ing a midline approach method. The epidural space was identi-
fied using the loss of resistance to air technique, and an epidural 
catheter was inserted 3 cm into the epidural space through a 
needle oriented in the cephalad direction. Since neither blood 
nor cerebrospinal fluid was obtained on aspiration, a 3 ml test 
dose of 0.75% ropivacaine was injected. After 5 min without any 
signs of subarachnoid or intravenous injection, 17 ml of 0.75% 
ropivacaine was injected. Aortocaval compression was avoided 
by maintaining patients in the supine position with a left lateral 
tilt. Oxygen was administered through a nasal cannula at a flow 
rate of 3 L/min. 

Assessment for a sensory block and NV was performed by a 
study-blinded anesthesiologist. The completion of the epidural 
injection was taken as time 0 for all assessments. The sensory 
block level was checked by a pin-prick test every 5 min for up 
to 90 min after epidural injection. In all patients, the operation 
was started when a complete bilateral sensory block from T6 to 
S3 was achieved within 20 min of the epidural injection. If the 
sensory block from T6 to S3 was not achieved 20 min after the 
injection, 1.5 ml increments of 0.75% ropivacaine per missing 
segment were injected epidurally, and the patient was excluded 
from the study. 

Hypotension was defined as a systolic blood pressure below 
100 mmHg or as a systolic pressure reduction of more than 30% 
from the baseline. Hypotension was treated immediately with 
intravenous lactated Ringer’s solution and ephedrine in 5 mg in-
crements. After delivery and clamping of the umbilical cord, 20 
IU of oxytocin was added to 1,000 ml of lactated Ringer’s solu-
tion and allowed to infuse over a 45-60 min period. 

The presence of NV was checked every 5 min during the 
operation. Nausea was defined as a subjective desire to vomit 
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but without expulsive muscular movements. Vomiting was de-
fined as an expulsive movement of the stomach muscles with 
or without expulsion of stomach contents. All episodes of post-
operative NV experienced by the patients were also recorded 
until 2 h postoperatively in the postanesthesia care unit (PACU). 
Metoclopramide 10 mg was injected intravenously as a rescue 
antiemetic. In order to prevent excessive sympathetic block, the 
epidural infusion pumps-with an infusion rate of 2 ml/h and a 
total volume of 100 ml of 0.2% ropivacaine-were connected to 
the patients only when the sensory block decreased to the T8 
level. Patients were not allowed to have clear liquids within the 
first 6 h or solid food within 24 h after surgery.

Blood samples were obtained before induction, at the time 
that NV occurred (in the case of the NV-positive group) or 5 
min after the umbilical cord clamping (in the case of the NV-
negative group) during the surgery, and at 2 h postoperatively. 
The arterial catheter was removed before the patient left the 
PACU, and the puncture site was compressed for 5 min. Quan-
titative enzyme immunoassays for serum 5-HT concentrations 
were performed, according to the manufacturer’s instructions, 
using Serotonin ELISA kits made by Immuno-Biological Labo-
ratories in Hamburg, Germany.

Sample size calculation was based on the results of a pilot 
study performed with a total of 9 cases, 3 in the NV-positive 
group and 6 in the NV-negative group. One of the primary out-
comes was that the serum 5-HT concentration of the second 
blood sample was 151.9 ± 11.0 ng/ml in the NV-positive group 
and 140.8 ± 3.9 ng/ml in the NV-negative group, and also that 
the effect size of the 2 groups was 1.17. On the assumption that 
the allocation ratio of NV-negative group/NV-positive group 
was 2, the total sample size was 28 (9 in the NV-positive group 
and 19 in the NV-negative group), the level of significance was 
0.05 with a power of 0.8 as calculated by a two-sided Student’s 

t-test, and the potential patient dropout rate was 20%, the final 
sample size was increased to 34. 

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS) data analysis software, version 
15.0 for Windows (SPSS Inc., Chicago, IL, USA). The results are 
expressed as mean ± standard deviation (SD) or median (range). 
Demographic data and anesthetic variables were analyzed using 
the Student’s t-test or the Mann-Whitney U-test. Categorical 
variables were analyzed by using a chi-square test. To compare 
the serum 5-HT level within the NV-positive and negative 
groups, a one-way repeated measures analysis of variance was 
used, and post-hoc analyses were carried out using Scheffé’s 
method. To compare the serum 5-HT levels between the 2 
groups at each sampling time and the rate of increment from 
the baseline, the Student’s t-test or Mann-Whitney U-test was 
used to compare serum 5-HT concentrations to values obtained 
during the surgery between the groups. P < 0.05 was considered 
statistically significant. 

Results

A total of 46 patients were originally eligible to participate in 
this study. Twelve patients were excluded for violations of the 
study protocol or for their refusal to participate. Thirty-four pa-
tients were subsequently enrolled in this study, but an additional 
6 patients were further excluded for violations of the study pro-
tocol. Ultimately, 28 patients completed this study. The demo-
graphic and anesthetic data of the two groups were comparable 
in terms of age, body weight, height, body mass index, a history 
of perioperative NV or smoking, hypotensive events, ephedrine 
injection, and sensory block level (Table 1). There were no sig-
nificant differences in the demographic and anesthetic variables 
between the groups. All patients were equally given 20 IU of 

Table 1. Demographic and Anesthetic Data of Patients

  NV - positive group   (n = 10) NV - negative group (n = 18)

Age (yr)
Weight (kg)
Height (cm)
Gestation (week)
Repeated cesarean section (n)
Multipar1ity (n)
Smoking history (n)
Patients with hypotensive events (n)
Patients given ephedrine injection (n)
Previous history of perioperative NV (n)
Duration of operation (min)
Anesthesia time (min)
Maximum segments blocked
Time to reach the highest block (min)

31.0 ± 3.0
72.2 ± 8.1

159.0 ± 6.1
38.7 ± 1.1

5
5
0
6
5
0

51.3 ± 14.5
69.5 ± 13.1
T3 (T1-6)
25.8 ± 11.1

34.1 ± 3.2
67.6 ± 11.3

158.0 ± 3.8
38.3 ± 0.7

10
10
  0
12
10
  0

47.2 ± 9.7
67.1 ± 11.9
T4 (T2-6)
24.4 ± 10.0

Values are presented as mean ± standard deviation (SD), median (range), or number of patients. NV-positive: patients with nausea or vomiting. NV-
negative: patients without nausea or vomiting. NV: nausea or vomiting. T: thoracic level.
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oxytocin as a uterotonic agent after delivery and clamping of 
the umbilical cord. No patient complained of significant visceral 
pain during the surgery. Ten out of the total of 28 patients (35.7%) 
who experienced NV during the intraoperative and 2 h immedi-
ate postoperative periods were categorized as the NV-positive 
group, while the remaining 18 patients without NV comprised 
the NV-negative group. Among the 10 patients who experienced 
nausea during the study period, 6 experienced nausea during 
the intraoperative period, and 5 experienced nausea during the 
postoperative period. One patient experienced nausea during 
both intraoperative and immediate postoperative period. Four 
patients experienced vomiting: 2 during the intraoperative pe-
riod and 2 during the postoperative period.

No significant changes could be seen in the serum 5-HT 
concentrations within each group during the study period. In 
addition, there were no differences in the serial serum 5-HT 
levels between the 2 groups (Fig. 1). The mean serum 5-HT 
concentrations before induction, at the time of the occurrence of 
NV (in the case of the NV-positive group) or 5 minutes after the 
umbilical cord clamping (in the case of the NV-negative group) 
during the surgery, and at 2 h postoperatively were 146.3 ± 9.8 
ng/ml, 148.5 ± 9.9 ng/ml, and 147.8 ± 11.6 ng/ml respectively in 
the NV-positive group and 144.8 ± 10.8 ng/ml, 146.1 ± 11.2 ng/
ml, and 145.6 ± 9.3 ng/ml in the NV-negative group. The rate 
of increment between the first and second samples was also not 
different between the two groups: 1.7 ± 5.2% in the NV-positive 
group and 1.1 ± 6.6% in the NV-negative group.

Discussion

It is well known that the incidence of NV is high during both 
a cesarean section and a gynecological laparoscopic surgery [1,8]. 
However, the mechanisms are still unclear and are believed to 
be multifactorial [9,10]. In this study, there were no differences 
in the effects of the main causes (hypotension, uterotonic agent, 
surgical stimulation, and visceral pain) and the risk factors (age, 
sex, smoking, and a previous history of PONV) of PONV be-
tween the 2 groups. Therefore, in this study, it is highly possible 
that the action of 5-HT was associated with the occurrence of 
NV. Although many studies have shown that cytotoxic drugs 
evoke 5-HT release from the EC cells in the intestinal mucosa, 
and that the released 5-HT stimulates the 5-HT receptors on 
the adjacent vagal afferent nerves [11,12], other studies have 
proposed that a large peripheral increase of 5-HT levels in CIE 
[2,3] directly activates the area postrema of the brain. Such stud-
ies have demonstrated the beneficial effects of 5-HT antagonists 
in postoperative NV [13,14]; however, the relationship between 
perioperative NV and changes in serum 5-HT concentrations 
has not been elucidated.

Serotonin is a key modulator of gut function and when in 
excess, it can induce NV. The most important reservoirs of body 
serotonin are EC cells of the GI mucosa [15], which store more 
than 90% of the body’s serotonin. Many physiological and path-
ological factors such as chemotherapeutic agents and luminal 
toxins such as cyclophosphamide, mechlorethamine, cisplatin, 
acids, alkalis, irritants, and bacterial toxins can induce NV be-
cause they result in the release of serotonin [12,13]. Mechanical 
GI mucosa stimulation, including distension, contraction, and 
surgical manipulation can also produce the same effect. 

The increased serotonin release in CIE was demonstrated 
well by Cubeddu et al. [11,16] using urine concentrations of 
5-hydroxyindoleacetic acid (5-HIAA) and serum chromogranin 
A (CgA), metabolites of serotonin, as indices of serotonin 
release. Serotonin, which is released from EC cells in the GI 
mucosa by cytotoxic anticancer drugs, sends emetic signals to 
the vomiting center through the vagal afferent nerves in the GI 
mucosa. Serotonin may also pass into the systemic circulation 
and directly activate the area postrema, causing CIE [2,3]. More-
over, several established anti-emetic agents, such as ondanse-
tron, granisetron, tropisetron, dolasetron, and palonosetron, are 
selective serotonin receptor antagonists [2,12,17], which many 
studies have shown to be effective in the prevention of postop-
erative NV [13,14]. However, the relationship between 5-HT 
and perioperative NV remains to be confirmed.

Several studies conducted by Borgeat et al. [18], Nicole et al. 
[19], and Rusch et al. [20] have evaluated the relationship be-
tween 5-HT and postoperative NV. These authors showed that 
the distension of intestinal loops created by a pneumoperito-

Fig. 1. The changes in serum 5-HT concentrations in the NV-positive and 
NV-negative groups. Values are presented as mean ± standard deviation 
(SD). There were no significant differences between and within the two 
groups. NV-positive: patients with nausea or vomiting. NV-negative: 
patients without nausea or vomiting. 5-HT: 5-hydroxytryptamine (sero-
tonin). 1st: before induction. 2nd: at the time of the occurrence of NV 
during the surgery (NV-positive group) or 5 min after the umbilical cord 
clamping (NV-negative group). 3rd: at 2 h postoperatively.
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neum during laparoscopic surgery did not cause increased pro-
duction of 5-HT by EC cells in GI mucosa. In those studies, they 
measured and compared excretions of the serotonin metabolite, 
5-HIAA. Although the studies produced consistent results, they 
had several limitations. Firstly, the changes in the concentration 
of 5-HIAA in a 24-h urine sample could not reflect serotonin 
changes at the time of NV development or during ischemic 
conditions during the operation. Secondly, the authors could 
not detect intraoperative NV under general anesthesia despite 
an expected release of large amounts of serotonin. Thirdly, the 
pneumoperitoneum induced during laparoscopic surgery may 
have been insufficient to cause compression and thus resulted in 
ischemic changes in the GI mucosa. 

This study was designed to overcome the limitations men-
tioned above. Our investigation postulated that patients who 
undergo cesarean section under regional anesthesia would be 
more susceptible to perioperative NV because of the effects of a 
large uterus and regional anesthesia. We thought that direct me-
chanical compression of the GI mucosa by a large gravid uterus 
and peripheral venous pooling induced by regional anesthesia 
could cause substantial ischemia of the GI mucosa, thereby in-
creasing peripheral serotonin secretion and NV. We thought that 
we could minimize the effects of many other causes of NV by 
using the standardized epidural technique, selecting non-obese 
patients with an ASA physical status of I or II, and arranging for 
the same surgeon to perform the cesarean section. Moreover, we 
supposed that we could observe intraoperative NV and confirm 
the correlation between NV and serum 5-HT changes at the 
time of NV, by directly measuring serum 5-HT concentrations 
through an arterial line. However, our expectations were unmet, 
as no correlation between serum 5-HT changes and periopera-
tive NV was found. 

Our study had two critical limitations. Because the half-life 
of 5-HT within the plasma is 2.5 min [21], the urinary excretion 
of 5-HIAA and the plasma levels of 5-HIAA and CgA have been 
used as markers for 5-HT release from the EC cells. They are 
regarded as valuable tools in the study of CIE [12,22]; however, 
there is controversy surrounding whether the circulating levels 
of plasma 5-HT increase after treatment with cytotoxic drugs 
[23-25]. Part of the discrepancies may be related to the method-
ology used for the collection and preparation of the platelet-free 
plasma [26]. That is, because 5-HT is avidly and effectively taken 
up by platelets, its rapid uptake into platelets may account for the 
failure to observe increases in serum levels. In fact, in our study, 
there is a possibility of 5-HT uptake into platelets during sample 
processing before centrifugation. Castejon et al. [27] reported 
that cisplatin-induced increases in blood 5-HIAA were not as-
sociated with increases in 5-HT blood dialysates through the 
application of intravenous microdialysis techniques, which al-
lowed the continuous monitoring of plasma 5-HT and 5-HIAA 

and circumvented the problems related to sample handling. 
They insisted that the majority of the 5-HT released from the 
EC cells would be metabolized to 5-HIAA within the intestinal 
wall and/or during its passage through the liver or lung, leading 
to large increases in plasma and urinary 5-HIAA, which are not 
associated with increases in plasma 5-HT. These results support 
the view that circulating 5-HT does not play a role in the emetic 
response associated with cisplatin treatment; therefore, it was 
likely that plasma 5-HT would not be associated with periop-
erative NV in our study. However, we noticed that an increased 
5-HT metabolism and excretion resulted in a decreased serum 
5-HT concentration and an increased urine 5-HIAA excretion, 
despite increased 5-HT production during pregnancy [28]. We 
suppose that the increase in the basal plasma and urine 5-HIAA 
levels masked their increase during the surgery. Besides, Hough-
ton et al. [29] reported an increased platelet-depleted plasma 
5-HT concentration following meal ingestion in symptomatic 
patients with diarrhea-predominant irritable bowel syndrome 
(IBS). Dunlop et al. [21] also reported that platelet-poor plasma 
samples were obtained in patients with postinfectious IBS and 
healthy volunteers, immediately and from 30 to 240 min after 
the test meal was applied to the patients, resulting in significant 
increments in plasma 5-HT levels in both groups until 180 min 
after the test meal. Bearcroft et al. [30] indicated that although 
only about 1% of the 5-HT released can be measured as free 
5-HT within the plasma, this measure is increased in patients 
with diarrhea-predominant IBS. Cubeddu et al. [24] reported 
that the content and concentration of 5-HT in platelets did not 
increase after treatment with cisplatin, despite large increases in 
the excretion of urine 5-HIAA. Taken together, we judged that 
we could confirm the correlation between NV and serum 5-HT 
changes if we shortened sample processing until centrifugation, 
after directly and promptly measuring serum 5-HT concentra-
tions through an arterial line at the time of NV. However, our 
expectations were not realized, as there was no significant in-
crease of serum 5-HT concentration at the time of perioperative 
NV. Therefore, further studies using plasma or urine 5-HIAA 
and serum CgA measurements will be needed to clarify the re-
lationship between perioperative NV and serum 5-HT concen-
trations in patients undergoing cesarean section under epidural 
anesthesia.

Another limitation was that as a result of power analysis us-
ing the serum 5-HT concentration values of the second blood 
samples, one of the primary outcomes in this study-the power 
value-was very low. Therefore, our findings should be validated 
in an even greater number of patients. Nevertheless, the nega-
tive results of the present study may be useful in presenting the 
limitation of our method for serum 5-HT measurement and in 
recommending other methods such as plasma 5-HIAA or CgA 
measurement in such patients, given the high cost and time nec-
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essary for further studies and the difficulty in recruiting patients 
undergoing cesarean section under epidural anesthesia. 

In conclusion, the present study suggests that no correlation 
exists between serum 5-HT concentration and the occurrence 

of perioperative NV in patients undergoing cesarean section un-
der epidural anesthesia. In addition, it does not support further 
investigation into a potential relationship between serum 5-HT 
concentration and perioperative NV.
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