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Abstract

Background Patients undergoing general anesthesia for

laparoscopic cholecystectomy are at high risk for postop-

erative nausea and vomiting (PONV). This study compared

ramosetron and ondansetron in terms of efficacy for PONV

prevention after laparoscopic cholecystectomy.

Methods For this study, 120 patients scheduled to

undergo laparoscopic cholecystectomy were randomized

(in double-blind fashion) to receive 4 mg of ondansetron

(group O4, n = 40), 8 mg of ondansetron (group O8,

n = 40), or 0.3 mg of ramosetron (group R, n = 40)

intravenously after surgery. Postoperative nausea, retching,

vomiting, pain, and side effects were assessed at 2 h, 24 h,

and 48 h after surgery.

Results No statistical differences were observed among

the three groups with regard to patient characteristics and

information on surgery and anesthesia. The ratio of com-

plete response (no PONV for 2 h) was higher for groups

O8 and R than for group O4 as follows: 80% (n = 32) for

groups O8 and R versus 58% (n = 23) for group O4 during

the first postoperative 2 h (p = 0.04), 90% (n = 36) for

groups O8 and R versus 76% (n = 30) for group O4 over

24 h (2–24 h) (p = 0.09), and 98% (n = 38) for groups O4

and O8 versus 100% (n = 40) for group R over the next

24 h (24–48 h) after surgery (p = 0.36). During the first

2 h after surgery, rescue antiemetics were used for signif-

icantly fewer patients in groups O8 and R (20%) than in

group O4 (42.5%) (p = 0.04). Postoperative pain and the

use of rescue analgesics were comparable among the

groups. There was no clinically serious adverse event due

to the study drugs.

Conclusion Ramosetron 0.3 mg and ondansetron 8 mg

are more effective than ondansetron 4 mg for the preven-

tion of PONV (2 h). Ramosetron 0.3 mg is as effective as

ondansetron 8 mg for the prophylaxis of PONV after lap-

aroscopic cholecystectomy.
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Postoperative nausea and vomiting (PONV), one of the

most common and distressing adverse events experienced

by patients after anesthesia and surgery [1, 2], may prolong

recovery, delay patient discharge, and increase hospital

costs [1, 2]. Prevention and treatment of PONV help to

accelerate postoperative recovery and increase patient

satisfaction [3, 4].

Laparoscopic cholecystectomy (LC) is routinely per-

formed for cholelithiasis. When no prophylactic antiemetic

is given, PONV occurs frequently after LC with a relatively

high incidence (40–75%) [5–7]. Because this undesirable

side effect can be a barrier to early recovery and discharge,

the prophylactic use of antiemetics may be justified.

Numerous studies have investigated the prevention and

treatment of PONV for patients scheduled to undergo LC

using a variety of antiemetics including anticholinergics [8,

9], antihistamines [10], phenothiazines [11], butyrophe-

nones [12], and benzamide [6, 13]. However, these agents

may cause undesirable adverse effects such as excessive

sedation, hypotension, dry mouth, dysphoria, hallucina-

tions, and extrapyramidal signs [14]. Serotonin subtype 3

(5-HT3) antagonists prevent serotonin from binding to 5-

HT3 receptors on the ends of the vagus nerve’s afferent
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branches, which send signals directly to the vomiting

center in the medulla oblongata and in the chemoreceptor

trigger zone of the brain [15]. By preventing activation of

these receptors, 5-HT3 antagonists interrupt one of the

pathways leading to vomiting [15]. Findings have dem-

onstrated that several 5-HT3 antagonists (ondansetron,

granisetron, tropisetron, dolasetron, and ramosetron) cur-

rently available are highly efficacious for PONV. Ondan-

setron, the most commonly used prophylactic 5-HT3

antagonist, was found to be more effective than traditional

antiemetics, including droperidol and metoclopramide, in

reducing the incidence of PONV [16–18].

Ramosetron, a new 5-HT3 receptor antagonist, has

higher potency and prolonged activity than previously

developed 5-HT3 antagonists as an antiemetic after che-

motherapy [19, 20] or surgery [21–23]. To the best of our

knowledge, no reports have compared the efficacy of ra-

mosetron with that of ondansetron for preventing PONV

after LC. We therefore conducted a prospective, random-

ized, double-blind study to compare the efficacy and tol-

erability of ramosetron and ondansetron for the prophylaxis

of PONV in patients undergoing LC.

Materials and methods

After institutional review board approval and informed

consent from each patient had been obtained, this study

enrolled 120 American Society of Anesthesiology (ASA 1

or 2) patients (ages 25 to 65 years) scheduled for elective

LC under general anesthesia. The patients who had gas-

trointestinal disease, those pregnant or menstruating, those

with a history of motion sickness or postoperative emesis,

and those who had taken antiemetics within 24 h before

surgery were excluded from the study.

In a randomized double-blind manner, the patients

received a single dose of ondansetron 4 mg (group O4),

ondansetron 8 mg (group O8), or ramosetron 0.3 mg (group

R) intravenously at the end of surgery. Randomization was

conducted using the sealed envelope method. Study medi-

cations were prepared by a blinded nurse in identical 5-ml

syringes and administered according to the list.

No patient received preanesthestic medication. At arri-

val in the operating room, all patients were given standard

anesthesia. Patients were monitored during anesthesia by

continuous electrocardiogram, noninvasive blood pressure,

pulse oximetry, and capnography.

Anesthesia was induced with 2 mg/kg of propofol and

4 ng/ml of remifentanil in a target-controlled infusion.

Before endotracheal intubation, 0.6 mg/kg of rocuronium

was administered. Anesthesia was maintained with des-

flurane 3% to 6% (inspired concentration), medical air in

oxygen (fraction of inspired oxygen [FiO2] = 0.5), and

intravenous (IV) remifentanil 2 to 3 ng/ml. Ventilation was

mechanically controlled and adjusted to maintain an end-

tidal concentration of carbon dioxide at 35 to 40 mmHg

throughout the surgery using an anesthetic/respiratory

analyzer (Ultima; Datex, Helsinki, Finland). Muscle

relaxation was achieved with rocuronium, as required.

The intravenous fluid used during surgery was Ringer’s

lactate infused at 15 to 20 ml/kg/h. The nasopharyngeal

temperature was monitored and maintained at 37 ± 1�C

throughout surgery using a warming pad. A nasogastric

tube was placed to promote emptying of gastric contents,

which were suctioned and removed before endotracheal

extubation.

At the end of the procedure, desflurane and remifentanil

administration were stopped. Antagonism of muscle

relaxation was achieved with 0.02 mg/kg of atropine and

0.04 mg/kg of neostigmine administered intravenously,

and then the trachea was extubated when spontaneous

ventilation of the patient was adequate.

After the operation, the patients were transferred to the

postanesthesia recovery room. All the patients were

observed for 48 h postoperatively. The incidence of nausea

and vomiting was recorded during three assessment periods

(0–2 h, 2–24 h, and 24–48 h) by a nursing staff blinded to

the treatment drug. Nausea was defined as a subjectively

unpleasant sensation associated with awareness of the urge

to vomit, whereas retching was defined as the labored

spasmodic, rhythmic contraction of the respiratory muscles

without expulsion of gastric contents, and vomiting was

defined as the forceful expulsion of gastric contents from

the mouth [1]. A complete response was defined as the

absence of PONV.

The rescue antiemetic used was metoclopramide 10 mg

IV for patients who experienced two or more episodes of

vomiting. The severity of nausea was recorded using a

verbal rating scale (VRS) with choice options ranging from

0 (none) to 100 (most severe).

In the same study period, patients were asked to evaluate

their level of pain during the procedure using the VRS. An

IV bolus dose of analgesics (ketorolac 30 mg) was

administered if the VRS exceeded 30. Other postoperative

adverse effects, such as headache and dizziness, also were

recorded.

Calculations based on previous studies [23, 24] showed

that 40 patients per group would be required by power

analysis (for a power of 80% and a type 1 error of 5%) using

sample-size software (PASS 2005; NCSS, Kaysville, UT,

USA) to demonstrate a 20% difference in values for a

complete response 24 h after surgery. Data were analyzed

using analysis of variance (ANOVA) (patient demograph-

ics) or chi-square test (incidence variables), and post hoc

comparisons were made with Bonferroni’s correction. Val-

ues are expressed as counts or as means ± standard
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deviation. A p value less than 0.05 was considered statisti-

cally significant.

Results

One of the 121 patients enrolled the study was withdrawn

because the patient underwent conversion to open chole-

cystectomy. Consequently, 120 patients (59 men and 61

women) were included in the study. The three groups were

comparable in terms of patient characteristics, operation

time, anesthesia time, and administered anesthetics

(Table 1).

The ratio of complete response, defined as no PONV 2 h

after surgery, was higher in groups O8 and R than in group

O4 (Table 2), 80% (n = 32) in group O8 and R versus

58% (n = 23) in group O4 during the first 2 h after surgery

(p = 0.04), 90% (n = 36) in groups O8 and R versus 76%

(n = 30) in group O4 during 24 h after surgery (2–24 h)

(p = 0.09), and 98% (n = 38) in groups O4 and O8 versus

100% (n = 40) in group R during the next 24 h (24–48 h)

after the operation (p = 0.36).

No statistical difference was observed between postop-

erative pain evaluated using the VRS and the extent of

rescue analgesics use (Table 3). The incidences of the most

common adverse events, such as headache and dizziness,

were similar among the three groups (Table 3), and no

clinically important treatment-emergent adverse events

were found.

Discussion

Our study showed that ondansetron 8 mg and ramosetron

0.3 mg were more effective than ondansetron 4 mg in

preventing PONV during 2 h after LC and that there was

no difference in the incidence of complete response

between the ramosetron 0.3 mg and ondansetron 8 mg

groups. The incidences of common adverse events, such as

headache and dizziness, also were similar among the three

groups. These results suggest that ramosetron 0.3 mg is

comparable with ondansetron 8 mg in terms of the antie-

metic effect and side effects.

This study differs from previous investigations in that an

ondansetron 8 mg group was added and compared with the

ramosetron 0.3 mg group. In this study, the ratio for a

complete response of ondansetron 4 mg during 2 h after

LC was 58%, and it was increased by up to 80% with

ondansetron 8 mg in this study.

In previous studies, some investigators chose ondanse-

tron 8 mg rather than ondansetron 4 mg for the prophylaxis

of PONV [24–26]. In addition, Paventi et al. [27] compared

the efficacy of ondansetron 4 mg with that of ondansetron

8 mg for the prevention PONV after laparoscopic chole-

cystectomy, concluding that single-dose ondansetron 8 mg

was more effective than ondansetron 4 mg in the preven-

tion of PONV. On the other hand, ramosetron 0.6 mg did

not provide further benefit compared with ramosetron

0.3 mg with regard to the incidence of complete response

after different types of surgeries including thyroidectomy

[22], laparoscopic cholecystectomy [23], and gynecologic

surgery [28, 29].

The etiology of PONV is not entirely known. It probably

is multifactorial, with risk factors including age, sex,

obesity, history of motion sickness, previous PONV,

operative procedure, anesthetic technique, and postopera-

tive pain [1]. Published evidences suggest that appropriate

antiemetic treatment is recommended for patients with

more than two risk factors [2]. In this study, these factors

were well balanced between the treatment groups. Besides

Table 1 Patient characteristics

and information on surgery and

anesthesia for group O4

(ondansetron 4 mg), group O8

(ondansetron 8 mg), and group

R (ramosetron)

Values are expressed as

mean ± standard deviation or

the number of patients (n)

ASA American Society of

Anesthesiology

Group O4 (n = 40) Group O8 (n = 40) Group R (n = 40) p Value

Age (years) 45 ± 9 49 ± 11 45 ± 9 0.98

Weight (kg) 62 ± 10 65 ± 13 66 ± 11 0.45

Height (cm) 162 ± 9 163 ± 9 162 ± 7 0.86

Gender (M/F) 20/20 18/22 21/19 0.79

Operation time (min) 51 ± 16 48 ± 19 50 ± 18 0.68

Anesthesia time (min) 80 ± 17 78 ± 21. 78 ± 20 0.54

Remifentanil (lg/kg/min) 0.12 ± 0.01 0.12 ± 0.01 0.12 ± 0.02 0.96

Rocuronium (mg/kg/h) 0.38 ± 0.09 0.41 ± 0.09 0.41 ± 0.10 0.44

ASA class I/II 26/14 27/13 24/16 0.77

Preexisting disease (n)

Hypertension 8 9 5 0.48

Diabetes mellitus 4 3 3 0.90

Liver disease 6 7 9 0.68
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suspected risk factors, patient-controlled anesthesia (PCA)

with opioids is associated with a high risk of PONV,

potentially exceeding 30% [30].

There is a possibility that combined antiemetics with

different sites of activity would be more effective than one

drug alone for prophylaxis against PONV in high-risk

groups. Combination antiemetic therapy with serotonin

antagonists (granisetron, ondansetron, tropisetron) plus

dexamethasone, metoclopramide, or droperidol is known to

be highly effective in preventing PONV [2, 13, 31–34]. We

did not use this combination therapy in the current study

because there was no need to apply PCA, including opi-

oids. The result of this investigation showed that postop-

erative pain was not severe and that consumption of rescue

Table 2 Incidence of

postoperative nausea and

vomiting (PONV) and rescue

analgesic use for group O4

(ondansetron 4 mg), group O8

(ondansetron 8 mg), and group

R (ramosetron)

Values are expressed as

mean ± standard deviation or

the number of patients (n)

N/A not applicable

Group O4

(n = 40)

Group O8

(n = 40)

Group R

(n = 40)

p Value

Postoperative 0–2 h

Nausea 17 8 8 0.04

Retching 7 3 1 0.06

Vomiting 0 0 0 N/A

Complete response 23 32 32 0.04

Rescue antiemetic 17 8 8 0.04

Postoperative 2–24 h

Nausea 10 4 4 0.09

Retching 0 0 0 N/A

Vomiting 0 0 0 N/A

Complete response 30 36 36 0.09

Rescue antiemetic 8 4 4 0.31

Postoperative 24–48 h

Nausea 2 2 0 0.36

Retching 0 0 0 N/A

Vomiting 0 0 0 N/A

Complete response 38 38 40 0.36

Rescue antiemetic 2 2 0 0.36

Table 3 Postoperative pain,

recovery profiles, and

postoperative adverse effects for

group O4 (ondansetron 4 mg),

group O8 (ondansetron 8 mg),

and group R (ramosetron)

Values are expressed as

mean ± standard deviation or

the number of patients (n)

VRS verbal rating scale, N/A not

applicable

Group O4

(n = 40)

Group O8

(n = 40)

Group R

(n = 40)

p Value

Postoperative 0–2 h

Pain (VRS) 60 ± 18 63 ± 17 62 ± 16 0.79

Rescue analgesic 35 36 35 0.92

Headache 4 4 3 0.91

Drowsiness 20 22 23 0.79

Dizziness 3 2 3 0.88

Postoperative 2–24 h

Pain (VRS) 35 ± 17 33 ± 18 39 ± 18 0.31

Rescue analgesic 21 28 26 0.25

Headache 4 4 4 0.77

Drowsiness 1 2 1 1.0

Dizziness 0 0 0 N/A

Postoperative 24–48 h

Pain (VRS) 12 ± 11 12 ± 15 14 ± 16 0.63

Rescue analgesic 3 4 4 0.90

Headache 4 2 4 0.65

Drowsiness 0 0 0 N/A

Dizziness 0 0 0 N/A
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analgesic was reduced 2 h after surgery. Therefore, simple

prophylaxis with a single drug was sufficient to prevent

PONV after LC. Therefore, the use of PCA and combi-

nation antiemetic therapy seemed not to be cost effective

for this patient population.

The reported incidence of PONV is 40% to 75% within

the first 24 h after LC when no prophylactic antiemetic is

given [5–7]. In addition to the general risk factors of

PONV, the central action of carbon dioxide, stretching of

the peritoneum, and increased blood pressure in the peri-

toneal cavity after gas insufflation during laparoscopic

surgery all have been considered to provoke nausea and

vomiting [13] by reducing intestinal blood flow [35] and

releasing emetogenic substances, including serotonin [36].

A placebo group was not included in this study for

ethical reasons (i.e., so that all patients were relieved of the

distressing PONV experience). In addition, the prophy-

lactic effect of ondansetron and ramosetron on PONV

already had been established in a number of previous

studies [10, 13, 17, 18, 23, 24, 37, 38].

A variety of pharmacologic approaches (antihistamines,

butyrophenones, dopamine receptor antagonists) have been

investigated for the prevention and treatment of PONV.

However, use of the traditional antiemetics such as dro-

peridol and metoclopramide has been limited due to

undesirable adverse effects including excessive sedation,

hypotension, dry mouth, dysphoria, hallucinations, and

extrapyramidal symptoms [1]. Considering the etiopatho-

genetic mechanism of PONV after LC, 5- HT3 antagonists

may be more effective than other antiemetics in preventing

and treating PONV without these adverse effects. The most

common adverse events caused by 5-HT3 antagonists are

headache and dizziness. Ramosetron was associated with

less prevalence of side effects than ondansetron when used

as an antiemetic for fentanyl-based intravenous PCA after

spine surgery [39]. The current study found no difference

in the incidence of these side effects among the groups, and

there were no clinically important adverse events.

During the maintenance of anesthesia, desflurane, rem-

ifentanil, and medical air in oxygen were administered

continuously. In the current study, all the patients received

general anesthesia without nitrous oxide because of con-

cerns regarding its ability to diffuse into the bowel lumen,

causing distention to impair surgical access. Moreover, the

use of nitrous oxide also has been suspected to increase the

incidence PONV, although this issue is still debated [40,

41]. Instead of nitrous oxide, remifentanil was used during

the surgery in the current study. Remifentanil is a synthetic

l-opioid agonist introduced recently into clinical practice

[42]. Remifentanil achieves the desired analgesic effect

rapidly and reduces respiratory depression postoperatively

because of its short context-sensitive half-time regardless

of infusion duration [43, 44]. In a previous study, the

adjunct use of remifentanil infusion during desflurane

anesthesia facilitated early recovery without increasing

PONV, pain, or the need for rescue medication after lap-

aroscopic surgery [45].

In conclusion, ramosetron 0.3 mg was more effective

than ondansetron 4 mg and as effective as ondansetron

8 mg for the prophylaxis of PONV in patients undergoing

laparoscopic cholecystectomy.
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