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ABSTRACT

Background: Postoperative nausea and vomiting (PONV) are frequently encountered
after thyroidectomy. For PONV prevention, selective serotonin 5-hydroxytryptamine
type 3 (5-HT,) receptor antagonists are considered one of the first-line therapy. We
report on the efficiency of granisetron and tropisetron, with that of placebo on the
prevention of PONV in patients undergoing total thyroidectomy. Methods: One hundred
twenty-seven patients were divided into three groups and randomized to receive
intravenously, prior to induction of anesthesia, tropisetron 5 mg, or granisetron 3 mg,
or normal saline. All patients received additionally 0.625 mg droperidol. All episodes of
postoperative PONV during the first 24 h after surgery were evaluated. Results: Nausea
visual analogue scale (VAS) score was lower in tropisetron and granisetron groups than
the control group at all measurements (P<0.01) except for the 8-h measurement for
tropisetron (P=0.075). Moreover, granisetron performed better than tropisetron (P<0.011
at 4 h and P<0.01 at all other points of time) apart from the 2-h measurement. Vomiting
occurred in 22.2%, 27.5%, and 37.5% in granisetron, tropisetron, and control groups,
respectively (P=0.43). Conclusions: The combination of the 5-HT, antagonists with
droperidol given before induction of anesthesia is well tolerated and superior to droperidol
alone in preventing nausea but not vomiting after total thyroidectomy.
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INTRODUCTION

postoperative recovery.P! Uncontrolled PONV remains
the leading cause of delayed discharge or unexpected
readmission after ambulatory surgery.” Furthermore, it is

Postoperative nausea and vomiting (PONV) are two
of the most common and distressing complications
after anesthesia and surgery, and may lead to serious
postoperative complications.!"” The overall incidence of
PONYV has been reported to be between 20% and 30%,"!
whereas reported incidence of PONV is between 63% and
84% in patients scheduled for thyroidectomy.!

PONV may represent the principal source of discomfort
of the entire procedure and the most unpleasant aspect of
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a risk factor for postoperative bleeding, a complication of
particular concern due to the potential for neck hematoma
formation and airway obstruction.”® Its incidence vaties,
according to numerous anesthesia- and non—anesthesia-
related factors, yet remaining quite frequent.” PONY,
regardless of clinical severity, is an important issue from
the patients’ point of view!'!; improvement of the quality
of care should therefore include reduction of the incidence
and severity of PONV.*?

Prevention strategies with drugs and nonpharmacologic
interventions have been studied extensively.'*!" Serotonin
receptor antagonists, particularly 5-hydroxytryptamine
type 3 (5-HT,) receptor antagonists, are an essential
constituent of prophylactic or rescue treatment of PONV
in patients at risk, according to respective guidelines."® The
theoretic basis for these antagonists is sound, since they
exert their effects by binding to the 5-HT, receptor in the
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chemoreceptor trigger zone and at vagal afferent neurons
in the gastrointestinal tract. Moreover, their side effects are
minimal and especially their lack of sedation properties
makes them particularly suitable for ambulatory surgery."”

Preclinical studies have indicated possible differences
between tropisetron and granisetron.* Unlike granisetron
(an indazole), tropisetron is an indole compound. It has
high affinity and specificity for 5-HT, receptors but appears
to have a weak antagonistic effect on 5-HT, receptors,
whereas granisetron show no affinity for any other than
5-HT, receptors. Metabolism of tropisetron occurs
predominantly in the liver.

The aim of this prospective, randomized, double-blind,
placebo-controlled study was to evaluate and compare the
efficiency of tropisetron for preventing PONV compared
with that of granisetron or placebo in patients undergoing
total thyroidectomy during the first 24 postoperative hours.

METHODS

Patients in this study were prospectively randomized
and data were prospectively recorded; then, data were
retrospectively collected and analyzed. After obtaining
approval from the Ethical Committee of our hospital,
and after written informed consent, male or female
patients scheduled for total thyroidectomy under general
anesthesia from January 2009 until January 2010 were
evaluated for study enrollment. Inclusion criteria were
age between 18 and 75 years and American Society of
Anesthesiologists (ASA) physical status I or 11.

Exclusion criteria were known hypersensitivity to 5-HT,
drugs, body mass index (BMI) 235, significant systemic
diseases, history of atypical or known gastrointestinal
problems and/or previous gastrointestinal operations (not
including appendectomy), menstruation on admission,
history of tinnitus, and reception of steroids, H,antagonists,
anticholinergics, antihistamines, butyrophenones,
phenothiazines, or metoclopramide 24 h before admission.
Patients with an intrathoracic goiter or undergoing a
difficult endotracheal intubation (more than two attempts
at tracheal intubation) were also excluded. No grants or
funds from pharmaceutical companies were acquired.

Study patients were enrolled and randomized with
Bernoulli tables (which allow “complete” or “unrestricted”
randomization, minimizing both selection and accidental
biases), to receive prophylactic either intravenous (i.v.)
tropisetron 5 mg (1 mg/mlL) (T group), i.v. granisetron
3 mg (G group), or i.v. 5 mL normal saline (N/S)
0.9% (control group, C group) in combination with
0.625 mg droperidol, approximately 5 min before
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induction of anesthesia. Alli.v. regimens were diluted with
N/S 0.9% to a volume of 5 mL. Upon entrance to the
operative room schedule, a code number was assigned to
each patient. The anesthesiologist and staff nurses, as well
as the operative team, were blinded to the administered
agent.

Protocol

The anesthetic technique was identical in all patients.
Patients fasted for at least 12 h preoperatively and received
oral premedication with 1.5 mg of bromazepam and
40 mg of omeprazol the night before surgery and 3 h
before the operation. Ten minutes before induction to
anesthesia, all patients received 2.5 mg of midazolam and
then parecoxib (40 mg/2 mL i.v.). In all cases, propofol
2 mg/kg and remifentanil 1 pg/kg were the induction
drugs and cis-atracurium 0.2 mg/kg was administered
for muscle relaxation. Meperidine (1 mg/kg) was
intramusculatly (i.m.) administered after induction, and
maintenance of anesthesia was achieved with sevoflurane
minimum alveolar concentration (MAC) 1.0%-1.5% in a
mixture of O, to air and remifentanil in continuous infusion

(0.15-0.2 pg/kg/min).

Nasogastric decompression was not employed, as patients
were also included in a clinical audit, evaluating the
necessity of nasogastric tube insertion in thyroid surgery.
Intraoperative monitoring included electrocardiogram,
heart rate, arterial blood pressure (noninvasive method),
end expiratory CO,, O, saturation, minute/volume, tidal
volume, respiratory rate, airway pressures, and MAC
sevoflurane. Pulmonary ventilation was performed under
intermittent positive pressure ventilation (IPPV) with a
mixture of oxygen and air, maintaining fractional inspired
oxygen (FiO,) at 0.5. Ventilation was adjusted to keep the
end-tidal CO, between 35 and 40 mmHg,. Blood pressure
and heart rate variations were maintained within 20% of
preoperative values by adjusting anesthetic depth, fluid
replacement, and vasoactive drug dosages. Adductor
pollicis stimulation over the ulnar nerve at the wrist was the
standard method of monitoring neuromuscular function.
Train-of-four (TOF) stimulations wete used to assess the
presence of a residual neuromuscular block. No alternative
forms of analgesic were administered to the patients.
Atropine 1 mg and neostigmine 2.4 mg were used to
reverse residual neuromuscular blockade. All patients were
extubated on the operating table and were transported to
the postanesthesia care unit (PACU) with supplemental
oxygen in consciousness with adequate self-maintained
respiratory and cardiovascular function.

Postoperative care
Postoperatively, patients were observed for 24 h. A team
of specially trained nurse anesthetists, blinded to the
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patient’s group, collected postoperative data. Before
surgery, all patients were instructed to use a 10-cm visual
analogue scale (VAS) (VAS: Endpoints labeled “no pain”
and “worst possible pain”) in order to describe pain
intensity and a verbal rating score with (0-10; 0 being no
nausea and 10 being the worst nausea imaginable) for
nausea intensity.

The degree of postoperative pain was assessed using the VAS
at movement (cough) at 2, 4, 12, and 24 h postoperatively
and at the same time the intensity of nausea was graded on
a numerical scale 0-10. Nausea was defined as a subjectively
unpleasant sensation associated with awareness of the urge
to vomit; retching was defined as the labored, spasmodic,
rhythmic contractions of the respiratory muscles; vomiting
was defined as the forceful expulsion of gastric contents
from the mouth. PONV was evaluated by the following
variables: The scores of nausea, episodes of vomiting, and
rescue antiemetics (metoclopramide). For the purpose of
data collection and analysis, retching (same as vomiting
but without expulsion of gastric contents) was considered
as vomiting, Vomiting was recorded as either present or
absent.

Postoperative care was standardized. Rescue antiemetics
(.v. metoclopramide 10 mg) were administered, in the
PACU and in the ward, on demand and if any score of
nausea was >0. Analgesia was given to patients complaining
of pain. This comprised parecoxib 40 mg iv. at 12 h
postoperatively and meperidine (50 mg i.m.) every 6 h
in the ward. Side effects (eg, headache, dizziness, muscle
pain) were recorded. The provided scheme of analgesia
was proved to be sufficient, with no patient requiring
supplementary administration of analgesics. The patients
and investigators collecting the data were blinded to the
patient’s group.

Data analysis

Statistical analysis was performed using parametric tests
only for operative time and anesthesia time since the
distribution of all other variables was not normal. All tests
were double-sided and P<0.05 was considered to indicate
statistical significance.

An a priori power analysis was used to estimate the
required sample size. Review of the current literature
revealed an average of 30% reduction or more in the
frequency of PONYV after thyroidectomy with the use
of 5-HT3 receptor antagonist compared to placebo.
Based on this effect size estimate, in order to achieve
a power 20.80 with an alpha level of 0.05 a number of
40 patients in each subgroup was considered adequate.
IBM SPSS Sample Power 3 was used for the power

analysis.[>>1-21
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RESULTS

During the study period, 127 patients were enrolled
and randomized into the granisetron (G group, #=45),
tropisetron (T group, #=40), or the control group (C group,
n=42). The three groups were homogenous in respect to
age, gender, weight, height, and operative time as well as
to all the usually recognized risk factors for PONV (female
sex, history of motion sickness and/or previous PONV,
nonsmoking status) [Table 1]. Anesthesia time was
significantly lower in the granisetron group [Table 1].

Pain varied significantly among different points of
time (Friedman test P<0.01, Table 2). VAS pain score was
significantly higher in granisetron group 2 h postoperatively
in compatison to the controls and significantly lower in the
granisetron group 24 h postoperatively in comparison to
the tropisetron group [Table 2].

Nausea varied significantly among different points of
time [Table 2]. Between groups, analysis revealed statistically
significant differences at all points of time. Nausea VAS
score was lower in both tropisetron and granisetron groups
in comparison to the controls at all points of time, except
for the 8-h measurement for tropisetron. Moreover,
granisetron performed better than tropisetron apart from
the 2-h measurement [Table 2].

Despite significant differences in nausea, significant
differences in vomiting were not detected between the three
groups at all time measurements [Table 3]. Metoclopramide
administration varied significantly between the three
groups |[Table 4|. These differences were attributed to

Table 1: Patients’ clinical and demographic
characteristics

Granisetron Tropisetron Control P value
(N=45) (N=40) (N=42)

Age

Mean (+SD) 49 (+14.1) 48 (+13.2) 45 (+14.8) NS
Weight

Mean (+SD) 68 (+9.4) 68 (8.9) 68 (+9.9) NS
Gender

Females N (%) 36 (80.0) 31(77.5) 33(78.5) NS
Smoking

Yes N (%) 13 (29) 10 (21) 14 (33) NS
History of PONV

Yes N (%) 4(8) 7(28) 6 (14) NS
Anesthesia time

Mean (xSD) 113.8%(+18.9) 128.4 (+12.4) 127.1(*14.4) P<o.01
Operative time

Mean (xSD) 100.0 (¥13.1) 107.2 (#13.6) 103.2 (*15.2) NS

N —number of patients; PONV — Postoperative nausea and vomiting; SD — Standard
deviation, *Granisetron had significantly lower anesthesia time (Bonferroni post
hoc testing P<o.01)
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the significantly lower metoclopramide administration in
both granisetron and tropisetron group in comparison to
the controls. The percentage of patients actually receiving
metoclopramide also varied significantly between the three
groups. These differences were attributed to the statistically
significant difference between granisetron and the control

group [Table 4].

No serious drug-related adverse events were reported and
no patient was withdrawn from the study due to adverse
events. No clinically significant changes in vital signs were
observed during the present study.

DISCUSSION

Pain, nausea, and vomiting are frequently listed by the
patients as their most important perioperative concerns,
with its incidence reaching up to 30% of surgical
patients.?**?1 PONV can lead to delayed discharge and
unanticipated hospital readmission, thereby increasing
health care costs.*

In the present study, both tropisetron and granisetron
groups had lower nausea VAS scores in compatison to
the controls at all points of time; these differences were
significant in all measurements except that at the 8-h time
point where the combination of droperidol and tropisetron
was comparable to droperidol alone. Moreover, granisetron
performed better than tropisetron at all points of time apart
from the 2-h measurement. On the contrary, combination
of granisetron or tropisetron with droperidol failed to show
significant differences compared with droperidol alone in
terms of vomiting probably representing the efficacy of
droperidol and rescue antiemetics in preventing vomiting,
Moreover, the combination schemes failed to significantly
reduce the number of patients that had at least an incident
of emesis. This discrepancy compared with previous studies
may be due to differences in methodology and terminology
regarding PONV among researchers. Still, the combination
schemes significantly reduced the percentage of patients
who required rescue antiemetics compared with droperidol
alone. In addition, the pain VAS score differences among
the groups observed at the 2- and 24-h time points are
of no clinical significance since all VAS scores were less
than 3. All enrolled patients in our study were operated in
our ambulatory surgical unit and were discharged during the
first postoperative day; for this reason, no cost-effectiveness

However, abdominal surgery and thyroidectomy are not
comparable; thyroidectomy does not involve irritation or
distension of gastrointestinal structures that may convey
chemoreception or nociception via other afferents than
parasympathetic.P!

Table 2: Pain and nausea visual analogue
scale scores

Postoperative ~Median N>median/Nsmedian) Control P value
painVAS (h) Granisetron Tropisetron (N=42)
(N=45) (N=40)

2 1 30/15% 16/24 10/32* <0.01
4 1 25/20 16/24 21/21 NS
8 2 18/27 15/25 13/29 NS
12 2 19/26 11/29 15/27 NS
24 2 7/38%* 14/26 8/34 <0.05

*Granisetron VAS higher than controls 2 h postoperatively; **Granisetron VAS
lower than tropisetron 24 h postoperatively; VAS —Visual analogue scale

Postoperative Median Granisetron Tropisetron Control P value
nausea VAS (h) (N=45) (N=40) (N=42)

2 3 14/31 7/33 25/17%  <o0.01
4 3 11/34 17/23%%*  34/8% <0.01
8 4 6/39** 17/23%%* 27/15 <0.01
12 4 3/42 16/24%**  25[17% <0.01
24 3 441 7/33***  17/25%  <0.01

*Control VAS significantly higher than granisetron and tropisetron groups;
** Granisetron VAS significantly lower than the two other groups; ***Tropisetron
VAS significantly higher than granisetron group; VAS —Visual analogue scale

Table 3: Postoperative vomiting

Vomiting (h) Granisetron Tropisetron Control P value
(N=45) (N=40) (N=42)

2 0.067 (+0.25) 0.05(+0.22) 0.095 (+0.29) NS

4 0.18 (+0.39) 0.22(%0.48) 0.17(+0.38) NS

8 0.09 (+0.29) 0.13(+0.33) 0.12(+0.38) NS

12 0.09 (+0.29) 0.13(+0.33) 0.17(+0.38) NS

24 0.04 (+0.21) 0.03(+0.16) 0.07 (20.26) NS

Number of 10 (22.2) 11 (27.5) 15(37.5) NS

patients with at

least one incident

of emesis at

0-24 h N (%)

Side effects 3 (7%) £4 (10%) 1 (2%) NS

(headache,

dizziness, muscle

pain-cramps)

(Yes)

Table 4: Metoclopramide administration
postoperatively

Granisetron Tropisetron Control P value

measurements were included in this study. (N=45) (N=40) (N=42)

Metoclopramide (mg)
Regarding POVN in abdominal surgery, pathogenic Mean, 4.7,10(6.6) 6.8,10(7.3) 11.2,10(9.9)  <0.01
mechanisms are obscure, but theoretically any reduction Median (SD)
in gastrointestinal ischemia decreases the release of Metoclopramide (Yes)
emetogenic substances and therefore the risk of PONV.> N (%) 7G8) 21(53) 29 (70) 0014

1
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Most probably, the etiology of PONYV after thyroidectomy
is multifactorial and, unlike chemotherapy-induced nausea
and vomiting, one cannot expect the same efficacy of
antiemetics.” Thyroidectomy is an operation that causes
strong vagal stimuli due to the surgical manipulation of the
neck structures. Moreover, additional factors both related
and unrelated to anesthesia may influence PONYV, such
as age, gender, body weight, history of motion sickness
and/or previous PONV, nonsmoking status, type and
duration of operation, type of induction, maintenance
neuromuscular blocking drug used, and postoperative
pain.l"* In this study we standardized many of these
factors and there were no differences in these factors
among the groups studied.

Prophylactic doses of droperidol (well below 1 mg)
are effective for the prevention of PONV.I" Recently,
although, the Food and Drug Administration (FDA) issued
a “black-box” warning about droperidol.”” The warning
states that droperidol may cause death or life-threatening
events associated with QT prolongation and torsades de
pointes. This particular warning was regarded as lacking
of solid scientific supporting data, with expert views
stated in international fora, suggesting that “if it were
not for the “black-box” warning, droperidol would have
been the panel’s overwhelming first choice for PONV
prophylaxis.”**l Nevertheless, under any circumstances,
the low-dosage administrated in our study, accompanied
by close cardiac monitoring, would not justify any concerns
about the possibility of elevated risk for intraoperative QT
prolongation, arrhythmias, or cardiac arrest.

In general, combination therapy is superior to monotherapy
for PONV prophylaxis,'¥ while subsequent interventions
to address postoperative nausea and vomiting have limited
usefulness compared with the first intervention irrespective
of the agent or the combination of drugs chosen.!"!
Moreover, rescue treatments are ineffective when the same
drug has already been used prophylactically.” Gan and
colleagues?! reported that ondansetron (4 mg) was effective
in preventing postoperative nausea only in the first 6 h
after major breast surgery. Paxton and colleagues also
found that ondansetron (4 mg) was effective in reducing
nausea only in the first 4 h after laparoscopic gynecologic
procedures.

Given the multifactorial nature of postoperative nausea
and vomiting, a multimodal approach to reduce or
eliminate risk factors will therefore be most successful in
its management. 5-HT, antagonists are the most common
choice for prevention of established PONV for patients
undergoing thyroidectomy regardless of the number
of prophylactic antiemetics given. Drugs with different
mechanisms of action should be used in combination to
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optimize efficacy. It should, nevertheless, be emphasized
thatit is important to distinguish between antivomiting and
antinausea efficacy since nausea is not a little vomiting,
The 5-HT, antagonists, which have better antivomiting
than antinausea efficacy, are associated with headache and
can be used in combination with droperidol, which has
greater antinausea efficacy and a protective effect against
headache.P!

Concerning the differences in pain VAS scores between
the groups of our study, the proposal of a definitive
explanation would be very challenging; nevertheless, only
assumptions can be made for this difference in pain scores.
The explanation may lie upon the particular differences
between granisetron and tropisetron regarding their affinity
to the subtypes of 5-HT receptors. Specifically, whereas
granisetron shows no affinity for any other than 5-HT,
receptors, tropisetron binds primarily to 5-HT receptors,
but also demonstrates an affinity to 5-HT, receptors;
however, this particular observation definitely merits
further investigation.

The doses of granisetron (3 mg) and tropisetron (5 mg)
used in this study were chosen because they have been
proved to be optimal for treatment of nausea and
vomiting induced by various highly emetic chemotherapy
regimens and for the prevention of PONV.! We have
administered tropisetron and granisetron immediately
before the induction of anesthesia to maximize its potential
preemptive antiemetic effect. However, a study comparing
tropisetron 5 mg given with premedication or at the end
of surgery did not reveal a significant difference in the
incidence of PONV.I"

Dose-ranging studies comparing intravenous granisetron
0.1, 1 and 3 mg in adults, determined that granisetron 1 or
3 mg was the optimum effective prophylactic dose when
administered immediately before the start of anesthesia
ot for treatment of PONVP*; moreover, a statistically
significant linear relationship between vomiting control
and granisetron dose for the treatment of PONV was
noticed.’’" However, in other studies on PONV prevention,
intravenous granisetron 40 ug/kg was determined to be
the optimal dose for adults.”™ The exact mechanism of
granisetron in preventing PONV is not known, but it has
been suggested that it may act on sites containing 5-HT,
receptors with demonstrated antiemetic effects.

Tropisetron has been studied for prevention and treatment
of PONYV in adults and has an elimination half-life of
8-12 h.” Pharmacokinetic variables also affect antiemetic
efficacy. The clinical duration of action would be longer
with a larger dose of tropisetron.’ Tropisetron 5 mg i.v.
before the start of anesthesia has been found effective
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for prevention of PONV after breast and gynecologic
surgery.??4!

CONCLUSIONS

We conclude that the combination of i.v. 5-HT, antagonists
with droperidol given shortly before induction of general
anesthesia is well tolerated and superior to droperidol
alone in preventing nausea after total thyroidectomy.
Although granisetron and tropisetron had a significant
impact on nausea VAS scores, a large percentage of the
thyroidectomy patients had at least a vomiting incident
while these combination schemes failed to show significant
differences compared to droperidol alone in terms of
vomiting incidences. Studies comparing tropisetron and
granisetron with other antiemetics among different patient
populations are necessary to further determine the role of
5-HT, antagonists in the prophylaxis of PONV.
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