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Background: The frequent and distressing adverse events (AEs) of postoperative nausea and vomiting (PONV) are of 
major concern in 63-84% of adult patients undergoing thyroidectomy. We conducted this prospective study to compare 
two prophylactic strategies; sevoflurane combined with ramosetron and propofol-based total intravenous anesthesia in a 
homogenous group of non-smoking women undergoing total thyroidectomy.
Methods: In the current prospective study, we enrolled a consecutive series of 64 female patients aged between 20 and 
65 years with an American Society of Anesthesiologists physical status of I or II who were scheduled to undergo elective 
total thyroidectomy under general anesthesia. Patients were randomized to either the SR (sevoflurane and remifentanil) 
group or the TIVA group. We evaluated the incidence and severity of PONV, the use of rescue anti-emetics and the se-
verity of pain during the first 24 h after surgery. 
Results: There were no significant differences in the proportion of the patients with a complete response and the Rhodes 
index, including the occurrence score, distress score and experience score, between the two groups. In addition, there 
were no significant differences in the proportion of the patients who were in need of rescue anti-emetics or analgesics 
and the VAS scores between the two groups.
Conclusions: In conclusion, TIVA and ramosetron prophylaxis reduced the expected incidence of PONV in women un-
dergoing total thyroidectomy. In addition, there was no significant difference in the efficacy during the first 24 h postop-
eratively between the two prophylactic regimens. (Korean J Anesthesiol 2014; 66: 216-221)
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Introduction

The frequent and distressing adverse events (AEs) of postop-
erative nausea and vomiting (PONV) are of major concern in 
63-84% of adult patients undergoing thyroidectomy [1,2]. It has 
been reported that the PONV may prolong the recovery room 
time and a potential hospital stay and lower the degree of patient 
satisfaction [3]. In patients who are scheduled to undergo thy-
roidectomy, it is the notable adverse event and poses challenging 
problems for anesthesiologists because of surgical wound dehis-
cence or hematoma-induced upper airway obstruction. 

After general anesthesia, various factors are involved in the 
risk of PONV. It would therefore be mandatory to preoperatively 
estimate it, which is essential for initiating the proper manage
ment. It is known that multiple factors are involved in the in
creased incidence of PONV; these include patient characteristics, 
anesthetic technique, surgical procedure and postoperative care 
[3]. Apfel et al. [4] developed a score-based prediction tool to 
simply assess the risk of developing PONV. It has been consid-
ered that the most notable risk factors of developing PONV 
include female gender, non-smoker, a past history of motion 
sickness or PONV and the use of postoperative opioids. Patients 
are evaluated to be at increased risks of developing PONV when 
they have more than two of four risk factors [4]. 

Still, controversial opinions exist regarding the optimal strat-
egy for preventing and treating patients with PONV. It is not 
recommended that global prophylaxis be performed for patients 
with PONV. But it is a cost effective modality in a high-risk 
group of patients [5]. Propofol is a rapid-onset and short-acting 
hypnotic agent, and it has become the popular choice for the in-
duction and maintenance of general anesthesia. It is well known 
that propofol has an antiemetic effect. Therefore, propofol-based 
total intravenous anesthesia (TIVA) has been reported to be 
effective to lower the risk of PONV [6]. Ramosetron is a novel 
type of 5-HT3 receptor antagonist, and it has a higher potency 
and a longer receptor-antagonizing effect as compared with its 
predecessors [7]. Moreover, its effectiveness in preventing and 
treating PONV after various surgeries has been well document-
ed [8-10]. 

Given the above background, we conducted this prospective 
study to compare two prophylactic strategies: sevoflurane com-
bined with ramosetron and propofol-based total intravenous 
anesthesia in a homogenous group of non-smoking women un-
dergoing total thyroidectomy.

Materials and Methods

The current study was approved by the Institutional Review 
Board of our medical institution. All the patients submitted a 
written informed consent. In the current prospective study, we 

enrolled a consecutive series of 64 female patients aged between 
20 and 65 years with an American Society of Anesthesiologists 
physical status of I or II who were scheduled to undergo elective 
total thyroidectomy under general anesthesia. 

Exclusion criteria for the current study are as follows:
(1) Patients with gastrointestinal disease, a smoking history 

or a past history of PONV or motion sickness.
(2) Patients with a past history of taking opioid, steroid or 

antiemetic medication within 24 h before surgery. 
Patients were randomized to either the SR (sevoflurane and 

remifentanil) group or the TIVA group based on the random-
ization table generated using an Excel (Microsoft corp., Seoul, 
Korea).

There were no patients who were preoperatively given pre-
anesthetic medications. On reaching an operating room, pa-
tients were continuously monitored with electrocardiography, 
pulse oximetry, noninvasive blood pressure, bispectral index 
score monitoring and capnography. All the patients breathed 
100% oxygen prior to the induction of anesthesia and received a 
5 ml/kg fluid load of plasma solution. 

In the SR group, remifentanil (1 mg vial; GlaxoSmithKline, 
Belgium) was administered with the target-controlled infusion 
(TCI) system based on the Minto pharmacokinetic Mode using 
a TCI pump (OrchestraⓇ; Fresenius-Vial, Brezins, France) [11]. 
In the SR group, general anesthesia was induced using 2 mg/kg 
of propofol (1% AnepolⓇ; Hana Pharm. Co., Ltd., Hwasung, 
Korea) and remifentanil at a target effect-site concentration 
(Ce) of 3 ng/ml. After loss of consciousness, tracheal intubation 
was promoted using 0.6 mg/kg rocuronium. This was followed 
by the mechanical ventilation with 50% oxygen and air. Thus, 
attempts were made to maintain the ETCO2 at 35 mmHg. In ad-
dition, the anesthesia was maintained using sevoflurane (1.0-3.0 
vol%) accompanied by the continuous infusion of remifentanil. 
Ramosetron (0.3 mg) was administered intravenously before the 
end of surgery as the sole intraoperative antiemetic. In the TIVA 
group, infusions of propofol and remifentanil were prepared us-
ing Fresofol 2% injection (50 ml vial; Fresenius Kabi, Austria) 
and UltivaTM injection (1 mg vial; GlaxoSmithKline, Belgium), 
respectively. A commercially-available TCI pump (OrchestraⓇ 
Base Primea; Fresenius Vial, France) was used for the effect-site 
TCI, and the pumps used for propofol and remifentanil were 
identical to those used by Marsh et al. [12] and Minto et al. [11], 
respectively. In the TIVA group, anesthesia was induced with 
propofol (Ce of 3.5 mg/ml) and remifentanil (Ce of 3 ng/ml) 
using a TCI device. The drug infusions were continued until the 
patients became drowsy, and the tracheal intubation was pro-
moted using 0.6 mg/kg rocuronium. The patients were mechani-
cally ventilated with 50% oxygen and air to maintain the ETCO2 
at 35 mmHg, and anesthesia was maintained with a continuous 
infusion of remifentanil and propofol. Before the end of surgery, 
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ketorolac (30 mg) was injected for the postoperative pain con-
trol, and neuromuscular relaxation was reversed with 30 μg/kg 
pyridostigmine and 7 μg/kg glycopyrrolate in all the patients. All 
the patients were transferred to the postanesthesia care unit after 
surgery.

We recorded the age, weight, height, amount of intraopera-
tive fluid, total amount of remifentanil, duration of surgery and 
anesthesia of the procedure. A trained investigator who was 
blinded to the anesthetic technique used for each patient visited 
at 1, 6 and 24 hours postoperatively and recorded the incidence 
and severity of PONV and pain. 

We evaluated all the episodes of PONV (nausea, retching and 
vomiting) and the severity of PONV using the Rhodes index 
[13] (Table 1) at the end of each of the following postoperative 
observation periods: 0-1, 1-6 and 6-24 h. A complete response 
was defined as no PONV. An intravenous injection of metoclo-
pramide 10 mg was allowed after the patients vomited or when 
they requested an antiemetic. In addition, the patients received 
an intravenous injection of dexamethasone 4 mg as a second-
line of treatment when they were refractory to metoclopramide. 
The severity of pain was measured at 1, 6 and 24 h postopera-
tively with a visual analog scale (VAS). The patients were given 
ketorolac 30 mg when they were in need of an analgesic. Then, 
they were given an intravenous injection of pethidine 25 mg as a 
second-line of treatment when they were refractory to ketorolac. 

According to previous studies [1,2], the incidence of PONV 
after thyroidectomy in adult patients is estimated at 70%. We 
have speculated that it would be clinically significant if there is 
a 30% reduction in the incidence of PONV in the TIVA group. 
To verify this, we used type I (α = 0.05, two-sided test) and II er-
rors (β = 0.02, power = 0.8) and estimated the sample size at 28 

for each group. In addition, we also assumed a drop-out rate of 
10% and thus increased the sample size to 31 for each group. All 
statistical analyses were performed using SPSS software (version 
15.0; SPSS Inc., Chicago, IL, USA). We also performed analysis 
of variance with Bonferroni’s correction, the χ2 test, Fisher’s 
exact test, or the Mann-Whitney U-test, if applicable. A P value 
of <0.05 was considered statistically significant. All data was ex-
pressed as means (SD) or the proportion of patients (%).

Results

There were no significant differences in the age, body weight, 
body height, dose of remifentanil, fluid volume during anes-
thesia and duration of anesthesia and surgery between the two 
groups (Table 2). 

In the TIVA group and the SR group, a complete response 
was seen at frequencies of 90.6 and 75% during the first 1 h (P = 
0.184), 93.8 and 87.5% during the 1 to 6 h (P = 0.672) and 96.9 and 
93.8% during the last 6 to 24 h (P = 0.557), respectively (Table 3). 
There were no significant differences in the proportion of the 
patients with a complete response and the Rhodes index, includ-
ing the occurrence score, distress score and experience score, 
between the two groups.

In the TIVA group and the SR group, the proportion of the 
patients who were in need of rescue anti-emetics was 3.1 and 
15.6% during the first 1 h (P = 0.098); 3.1 and 15.6% during the 
1 to 6 h (P = 0.098); and 3.1 and 3.1% during the last 6 to 24 h 
(P = 0.754), respectively (Table 3). But there were no significant 
differences in the proportion of the patients who were in need 
of rescue anti-emetics or analgesics and the VAS scores between 
the two groups (Table 4).

Table 1.  Rhodes Index of Nausea, Vomiting and Retching (RINVR)

1. In the last (  ) hours, 
    I threw up ○○ times.
2. In the last (  ) hours, from retching and  
    dry heaves, I have felt ○○ distress.
3. In the last (  ) hours, from vomiting or 
    throwing up, I have felt ○○ distress.
4. In the last (  ) hours, I have felt nauseated 
    or sick to my stomach.
5. In the last (  ) hours, from nausea/sickness 
    to my stomach, I have felt ○○ distress.
6. In the last (  ) hours, each time I threw up,  
    I produced a ○○ amount.

7. In the last (  ) hours, I have felt nauseated 
    or sick to my stomach ○○ times.
8. In the last (  ) hours, I have had periods 
    of retching or dry heaves without bringing 
    anything up ○○ times.

7 or more
(4)
No
(0)

Severe
(4)

Not at all
(0)
No
(0)

Very large
(3 cups or more)

(4)
7 or more

(4)
No
(0)

5-6
(3)

Mild
(1)

Great
(3)

1 hour or less
(1)

Mild
(1)

Large
(2-3 cups)

(3)
5-6
(3)
1-2
(1)

3-4
(2)

Moderate
(2)

Moderate
(2)

2-3 hours
(2)

Moderate
(2)

Moderate
(1/2-2 cups)

(2)
3-4
(2)
3-4
(2)

1-2
(1)

Great
(3)

Mild
(1)

4-6 hours
(3)

Great
(3)

Small
(up to 1/2 cups)

(1)
1-2
(1)
5-6
(3)

I did not throw up
(0)

Severe
(4)
No
(0)

More than 6 hours
(4)

Severe
(4)

I did not
throw up

(0)
No
(0)

7 or more
(4)

Total experience scores: sum of all scores, total occurrence score: 1 + 4 + 6 + 7 + 8, total distress score: 2 + 3 + 5.
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Discussion

There are numerous published studies and treatment guide-
lines for PONV. Still, however, it remains one of the most un-
favorable complications under general anesthesia. In addition, 
it commonly decreases the degree of patient satisfaction with 
postoperative outcomes [14,15]. This is due to many reasons 
such as a lack of understanding of the underlying mechanisms, 
the difficulty in estimating the risk of developing PONV in pa-
tients, a lack of the anti-emetic intervention as the ‘gold-standard’ 
and the variability in the dose-response relationship for current 
interventions. 

To date, a substantial number of studies have examined the 
effects of numerous anti-emetics including traditional and non-
traditional ones and serotonin receptor antagonists in prevent-

ing and treating PONV following thyroidectomy. In association 
with this, it has been previously shown that several serotonin 
receptor antagonists, such as ondansetron, granisetron, tro-
pisetron, dolasetron and ramosetron, are more effective than 
traditional anti-emetics, including droperidol, metoclopramide 
and alizapride, in lowering the incidence of PONV after thyroid 
surgery [16]. 

Serotonin receptor antagonists bind to the 5-HT3 receptor 
competitively and selectively in the chemoreceptor trigger zone 
of the central nervous system and receptors in the gastrointes-
tinal tract, thus being involved in the inhibition of the emetic 
symptoms [17]. It has also been previously shown that ramose-
tron had a higher effect in lowering the incidence and severity 
of nausea and anti-emetic consumption as compared with dexa-
methasone in patients following thyroidectomy [18]. Moreover, 
it has also been reported that ramosetron 0.3 mg was effective in 
lowering the incidence and severity of postoperative nausea in 
women undergoing total thyroidectomy; this was notable during 
the first 6 hours postoperatively [19].

Table 2. Patient Characteristics 

  SR group
(n = 32)

TIVA group
(n = 32) P value

Age (yr)
Height (cm)
Weight (kg)
Dose of remifentanil (μg)
Volume of fluids during anesthesia (ml/kg)
Duration of Operation (min)
Duration of Anesthesia (min)

47.5 ± 10.0
156.1 ± 6.2

58.5 ± 10.5
618.5 ± 225.1

14.5 ± 3.3
79.8 ± 23.5

104.8 ± 22.5

47.3 ± 9.3
157.6 ± 4.5

56.4 ± 8.7
648.2 ± 295.5

14.4 ± 3.8
72.3 ± 21.1
98.8 ± 21.4

0.907
0.283
0.396
0.652
0.862
0.184
0.271

The values are shown as means ± SD or theproportion of patients (%). There were no significant differences in thepatient characteristics between the 
two groups.

Table 3. Rhodes Index of Nausea, Vomiting and Retching (RINVR) and 
Incidence of Complete Responses

SR group
(n = 32)

TIVA group
(n = 32) P value

During 0-1 hr
    Complete responses
    Occurrence score
    Distress score
    Experience score
    Rescue antiemetics
During 1-6 hr 
    Complete responses
    Occurrence score
    Distress score
    Experience score
    Rescue antiemetics
During 6-24 hr 
    Complete responses
    Occurrence score
    Distress score
    Experience score
    Rescue antiemetics

24 (75%)
1 ± 2.20

0.75 ± 1.85
1.66 ± 3.76

5 (15.6)

28 (87.5%)
0.63 ± 1.76
0.44 ± 1.44
1.06 ± 3.12
5 (15.6%)

30 (93.8%)
0.18 ± 0.74
0.13 ± 0.55
0.31 ± 1.26

1 (3.1%)

29 (90.6%)
0.32 ± 1.08 
0.29 ± 1.13 
0.61 ± 2.19 

1 (3.1%)

30 (93.8%)
0.35 ± 1.52 
0.26 ± 1.26 
0.61 ± 2.76 

1 (3.1%)

31 (96.9%)
0.06 ± 0.36 
0.13 ± 0.72 
0.19 ± 1.08 

1 (3.1%)

0.184
0.098
0.106
0.104
0.098

0.672
0.403
0.395
0.396
0.098

0.557
0.533
0.582
0.570
0.754

The values are shown as means ± SD or the proportion of patients (%). 
There were no significant differences in the RINVR and the incidence of 
complete response between the two groups.

Table 4. The Severity of Pain and The Postoperative Analgesics 

  SR group
(n = 32)

TIVA group
(n = 32) P value

During 0-1 h
    Pain intensity
    Analgesics used postoperatively
        Tarasyn
        Pethidine
During 1-6 h
    Pain intensity
    Analgesics used postoperatively 
        Tarasyn
        Pethidine
During 6-24 h
    Pain intensity
    Analgesics used postoperatively 
        Tarasyn
        Pethidine

 
3.91 ± 1.57
18 (56.3%)
15 (46.9%)

3 (9.4%)
 

3.16 ± 1.61
2 (6.3%)
2 (6.3%)
0 (0%)

 
2.38 ± 1.31

4 (12.5%)
4 (12.5%)
0 (0%)

 
4.06 ± 1.77
16 (50.0%)
15 (46.9%)

1 (3.1%)
 

3 ± 1.46
4 (12.5%)
4 (12.5%)
0 (0%)

 
1.81 ± 0.95

1 (3.1%)
1 (3.1%)
0 (0%)

 
0.675
0.401
0.599
0.306

 
0.836
0.395
0.395

 
 

0.104
0.177
0.177

 

The values areshown as means ± SD or number of patients. There were 
no significantdifferences between the two groups.
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There is a growing interest in the anesthetic technique us-
ing the TIVA with propofol and remifentanil for the prevention 
of postoperative nausea and vomiting. It has been previously 
shown not only that the TIVA might be effective in lowering 
5-HT3 levels in the area postrema but also that subhypnotic doses 
of propofol are effective in decreasing the incidence of PONV 
[20,21]. Previous studies have evaluated the anti-emetic efficacy 
of propofol in maintaining the anesthesia in patients who are 
scheduled to undergo thyroidectomy [2,22,23]. Sonner et al. [2] 
and Jost et al. [22] demonstrated that the incidence of PONV was 
significantly lower in patients receiving propofol for the mainte-
nance of anesthesia as compared with those doing isoflurane.

In the current study, in the TIVA group and the SR group, a 
complete response (no PONV, no rescue) was seen at frequen-
cies of 90.6 and 75% during the first 1 h; 93.8 and 87.5% during 
the 1 to 6 h; and 96.9 and 93.8% during the last 6 to 24 h, respec-
tively. Our results showed that the TIVA and ramosetron pro-
phylaxis reduced the expected rate of PONV in women under-
going total thyroidectomy during the first 24 h postoperatively.

We have speculated that the prophylactic ramosetron is more 
effective in preventing the occurrence of PONV as compared 
with TIVA. Our results showed, however, that there was no sig-
nificant difference in the efficacy during the first 24 h postopera-
tively between the two prophylactic regimens. Consistent with 
this, White et al. [24] compared the efficacy in preventing the 
occurrence of PONV between the two prophylactic strategies, 
sevoflurane combined with dolasetron and TIVA using propofol 
and remifentanil, thus reporting that there was no significant 
difference in the efficacy between the two regimens during the 
early postoperative period. In addition, it has recently been 
shown that there was no significant difference in the efficacy in 
lowering the incidence of PONV after gynecological laparoscop-
ic surgery between prophylactic palonosetron with inhalational 
anesthesia using sevoflurane in 50% nitrous oxide and propofol-
based TIVA during the early and late postoperative period [25]. 
In contrast, Paech et al. [26] conducted a randomized trial to 
compare the efficacy between TIVA alone and inhalation anes-

thesia plus dolasetron in patients undergoing day-case gyneco-
logical laparoscopy, thus reporting that there were no significant 
differences in the proportion of patients who showed a complete 
response and used the rescue anti-emetics during the postopera-
tive period before discharge between the two groups. Accord-
ing to these authors, however, the incidence of post-discharge 
nausea was significantly higher in the inhalation anesthesia plus 
dolasetron group as compared with the TIVA alone group. It is 
noteworthy that patients of the inhalation anesthesia plus dolas-
etron received nitrous oxide that potentially made them predis-
posing to PONV. 

Our results showed that many potential factors associated 
with the incidence of PONV, such as age, smoking status and the 
type and duration of surgery, were well balanced between the 
two groups. There are various types of treatment modalities for 
the prevention of PONV after thyroid surgery, whose benefits 
and risks have been well documented [16]. Propofol-induced 
complications have also been described in the literature; these 
include convulsion, anaphylaxis and life-threatening anaphylac-
toid reaction [27,28]. It is known that serotonin receptor antago-
nists are generally well tolerated with few adverse effects. But 
ramosetron is more expensive than other types of antiemetics 
such as metoclopramide. 

There are several limitation of the current study as shown below:
(1) We failed to enroll a high-risk group of patients with a 

history of motion sickness or a previous episode of PONV.
(2) We failed to evaluate the baseline incidence of PONV by 

serving the placebo-controlled group because we considered 
it unethical to withhold prophylactic interventions in patients 
who were at increased risk of developing PONV. This deserves 
further studies. 

In conclusion, TIVA and ramosetron prophylaxis reduced 
the expected incidence of PONV in women undergoing total 
thyroidectomy. In addition, there was no significant difference 
in the efficacy during the first 24 h postoperatively between the 
two prophylactic regimens.
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