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after thyroidectomy: a comparison
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remifentanil as part of balanced
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Background: Postoperative nausea and vomiting (PONV) is the major complication related to general anesthesia, occurring in 60–80% of patients after thyroidectomy. The objective of this study was to compare the effects of an intraoperative
dexmedetomidine infusion with remifentanil, as anesthetic adjuvants of balanced anesthesia, on PONV in patients undergoing thyroidectomy.
Methods: Eighty patients scheduled for thyroidectomy were randomized into the following two groups: 1) The dexmedetomidine group (Group D), who received an initial loading dose of dexmedetomidine (1 μg/kg over 10 min) during
the induction of anesthesia, followed by a continuous infusion at a rate of 0.3–0.5 μg/kg/h; 2) the remifentanil group (group
R), who received remifentanil at an initial target effect site concentration of 4 ng/ml during the induction of anesthesia,
followed by a target effect site concentration of 2–3 ng/ml. PONV was assessed during the first 24 hours in 2 time periods
(0–2 h and 2–24 h). The pain intensity, sedation score, extubation time, and hemodynamics were also assessed.
Results: During the 2 time periods, the incidence and severity of PONV in group D were significantly lower than in
group R. In addition, the need for rescue antiemetics was significantly lower in group D than in group R. The effect of
dexmedetomidine on postoperative pain relief(2–24 h) was superior to that of remifentanil. The hemodynamics were
similar in both groups, whereas eye opening and extubation time were delayed in group D.
Conclusions: Adjuvant use of intraoperative dexmedetomidine infusion may be effective for the prevention of PONV.
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Introduction
Postoperative nausea and vomiting (PONV) is one of the major complications related to general anesthesia, with a reported
incidence as high as 60–80% after thyroidectomy [1-3]. Patients
with PONV experience increased discomfort, electrolyte imbalances, postoperative bleeding, and aspiration of gastric contents,
which can result in a delayed discharge and increase the costs of
care [4]. There have been many efforts towards attenuating the
incidence and severity of PONV; however, it remains a significant challenge in the field of anesthesia.
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Dexmedetomidine is a highly selective α2-adrenoreceptor
agonist, which has versatile effects including sedative, amnestic,
analgesic, and sympatholytic properties [5,6]. In addition, the
use of dexmedetomidine as an anesthetic adjuvant spares the
use of intra-operative opioids and inhalation anesthetics [7].
Recently, the interest related to using dexmedetomidine as part
of balanced anesthesia has been growing. Many studies have
shown the efficacy of dexmedetomidine with a favorable recovery profile [8], hemodynamic stability [6], postoperative analgesia [6], and reduction of PONV [9]; however, controversy over
the attenuation of PONV persists.
Generally, the combination of the inhalational anesthetic as
hypnotic agent and a short acting opioid as an analgesic agent
is the most popular regimen for balanced anesthesia [10]. As it
clears rapidly, remifentanil is a popular choice as an anesthetic
adjuvant in balanced anesthesia [11]. Opioids are well-known
risk factors for developing PONV; however, the occurrence of
remifentanil-related PONV is unclear, and it has actually been
shown to be associated with less PONV [12,13].
Therefore, we intended to compare the effects of intraoperative dexmedetomidine infusion as an anesthetic adjuvant of
balanced anesthesia on PONV with those of remifentanil in patients undergoing thyroidectomy.

Materials and Methods
Study population and anesthesia
This study was approved by the committee of Institutional
Review Board at our hospital. We obtained the written informed
consent from all patients and enrolled 80 patients, aged 18 to 60
years, with an American Society of Anesthesiologists physical
status classification of I or II, who were scheduled for an elective
thyroidectomy. Exclusion criteria were allergy to either dexmedetomidine or remifentanil, use of opioids or antiemetics before
the operation, body mass index more than 35 kg/m2, and cognitive impairment.
Patients were allocated by computer-generated randomization to receive either dexmedetomidine (Group D, n = 40) or
remifentanil (Group R, n = 40) for balanced anesthesia during
anesthetic maintenance. There were no patients who received
premedication. After standardized monitoring (electrocardiography, non-invasive blood pressure, pulse oximetry, and
bispectral index [BIS]), anesthesia was induced with propofol
(1.5 to 2.5 mg/kg) and rocuronium (0.6 to 1 mg/kg). Group D
patients received an initial loading dose of dexmedetomidine (1
μg/kg over 10 min) during the induction of anesthesia, followed
by a continuous infusion at a rate of 0.3–0.5 μg/kg/h throughout the operation. Group R patients received remifentanil at an
initial target effect site concentration (TESC) of 4 ng/ml during
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the induction of anesthesia, followed by a TESC of 2–3 ng/ml
throughout the operation using a target controlled infusion device (OrchestraⓇ Base Primea, Fresenius Vial, Brezins, France).
After intubation, anesthesia was maintained with a 1.0–2.5%
end-tidal concentration of sevoflurane in 50% oxygen with air,
a continuous infusion of dexmedetomidine or remifentanil,
adjusted to maintain an acceptable hemodynamic response
and a BIS of 40–60. Phenylephrine (100 μg for a systolic blood
pressure [SBP] below 80 mmHg and heart rate [HR] above 50
beats/min) or ephedrine (4 mg for a SBP below 80 mmHg and
HR below 50 beats/min) was administered to prevent hypotension or bradycardia. If repetitive phenylephrine injections were
required, it was continuously infused. The infusion of dexmedetomidine or remifentanil was continued until the surgery was
completed. Residual muscle relaxation was antagonized by intravenous (IV) pyridostigmine (0.2 mg/kg) and IV glycopyrrolate
(0.01 mg/kg).

Study assessments
Upon arrival to the operating room, blood pressure (BP) and
HR were measured at baseline (T0), just before intubation (T1),
just after intubation (T2), 5 min after intubation (T3), and 10
min after intubation (T4). During emergence from anesthesia,
the time to eye opening, defined as the time interval from the
discontinuation of drugs (sevoflurane, dexmedetomidine, or
remifentanil) to the first eye opening in response to only verbal
commands without tactile stimulus, was recorded. Extubation
time (from the cessation of inhalational anesthetics to the removal of the endotracheal tube when patients regain consciousness with spontaneous breathing) was also assessed.
The incidences of PONV was assessed during first 24 hours
in 2 time periods (0–2 h and 2–24 h after surgery), and the severity of nausea was analyzed using a 4-point scale (0 = absent; 1
= mild; 2 = moderate; 3 = severe) during those times. Based on
the study by Apfel et al. [14,15], PONV should be observed over
24 h. Since volatile anesthetics are considered to be the cause of
PONV in the early period (0–2 h after surgery) with their rapid
pharmacokinetics, additional reporting of early (0–2 h) and
delayed (2–24 h) postoperative vomiting is desirable. When the
patient requested a rescue drug or had any emetic episodes, 10
mg of IV metoclopramide was injected.
The pain intensity was assessed using the visual analog scale
(VAS) ranging from 0 (no pain) to 10 (worst possible pain).
When the pain score was > 4 or the patient requested rescue
analgesics, 30 mg of IV ketorolac was injected. Hemodynamic
responses were recorded on arrival to the PACU (T5) and then
every 5 min for 20 min (T6–9) while in the PACU. A modified
observer’s assessment of alertness (OAA/S) score of sedation
(scale of 0–5; 0 represents no response to a noxious stimulus and

Online access in http://ekja.org

KOREAN J ANESTHESIOL

Choi et al.

5 represents being awake and responsive to their name when
spoken to in a normal tone) was also recorded 5 min after arrival to the PACU [16]. Lastly, the duration of the PACU stay
was assessed. All data were assessed by an anesthesiologist who
was blinded to the study.

Statistical analyses
In our preliminary study, the incidence of PONV after thyroidectomy was 70% in patients receiving sevoflurane and remifentanil. It was decided that a 50% reduction in the incidence
of PONV in the dexmedetomidine group would be clinically
relevant and 31 patients were required per group (α = 0.05,
power = 80%). Thus, 40 patients for each group were selected to
increase the power, as well as to take the possible dropouts into
consideration. Data were expressed as number (%) or means
± SD. Statistical analysis was performed using SPSS software
(Chicago, IL, USA) and either chi-squared, Fisher’s exact, t, or
Table 1. Patient Characteristics and Intraoperative Data
Group R
(n = 40)
Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
Duration of operation (min)
Duration of anesthesia (min)
History of PONV
History of motion sickness
History of smoking

Group D
(n = 40)

46.9 ± 10.5 48.7 ± 12.4
8/32
9/31
65.2 ± 13.3 64.3 ± 12.5
160.8 ± 7.8 161.0 ± 7.6
77.8 ± 31.9 81.4 ± 27.2
98.1 ± 33.1 105.5 ± 29.1
3 (7.5)
4 (10.0)
9 (22.5)
11 (27.5)
2 (5.0)
5 (12.5)

P value
0.49
0.64
0.75
0.89
0.59
0.26
0.48
0.65
0.25

Data were expressed as mean ± SD or number (%). PONV: postopera
tive nausea and vomiting. Group D: Dexmedetomidine group, Group R:
Remifentanil group.
Table 2. Incidence of Postoperative Nausea and Vomiting and the Usage
of Rescue Antiemetic

0–2 h
Nausea
Vomiting
2–24 h
Nausea
Vomiting
0–24 h
Nausea
Vomiting
0–24 h
Rescue antiemetic (patients)

Group R
(n = 40)

Group D
(n = 40)

P value

25 (62.5)
2 (5.0)

8 (20.0)
0

< 0.001
0.494

9 (22.5)
0

2 (5.0)
0

26 (65.0)
2 (5.0)

7 (17.5)
0

15 (37.5)

3 (7.5)

0.048
1.000
< 0.001
0.241
0.003

Values are number (%). Group D: Dexmedetomidine group, Group R:
Remifentanil group.
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Mann-Whitney U tests were used as appropriate. P < 0.05 was
considered statistically significant.

Results
There was no significant difference between two groups in
demographics and other characteristics (Table 1). During the 2
time periods (0–2 h and 2–24 h after surgery), the incidence of
nausea in group D was significantly less than that of group R
(P < 0.001 and P = 0.048, respectively). The requirement for rescue antiemetic treatments for PONV during the first 24 hours
(0–2 h and 2–24 h) was significantly less in group D than in
group R (P = 0.003) (Table 2). The difference in the incidence of
vomiting was not significant. The severity of nausea assessed by
a 4-point scale was lower in group D when compared to that of
group R during the 2 time periods (0–2 h and 2–24 h after surgery) (P < 0.001 and P = 0.048, respectively) (Table 3). During
the 0–2 h time period, the severity of postoperative pain assessed
by VAS was not significantly different between the two groups,
but during the 2–24 h time period, the postoperative VAS was
lower in group D when compared to that of group R (P = 0.017).
Fewer patients in group D required rescue analgesic treatments
Table 3. Severity of Postoperative Nausea

0–2 h

2–24 h

None
Mild
Moderate
Severe
None
Mild
Moderate
Severe

Group R
(n = 40)

Group D
(n = 40)

15 (37.5)
13 (32.5)
10 (25.0)
2 (5.0)
31 (77.5)
8 (20.0)
1 (2.5)
0

33 (82.5)
5 (12.5)
2 (5.0)
0
38 (95.0)
2 (5.0)
0
0

P value

< 0.001

0.048

Values are number (%). Group D: Dexmedetomidine group, Group R:
Remifentanil group.
Table 4. The Severity of Pain and Recovery Variables

VAS pain score
0–2 h
2–24 h
Rescue analgesia
Eye opening time (min)
Extubation time (min)
Sedation score at PACU
PACU stay time (min)

Group R
(n = 40)

Group D
(n = 40)

4.2 ± 2.0
1.7 ± 1.6
25 (62.5)
7.2 ± 3.7
7.5 ± 3.6
4.5 ± 0.5
18.7 ± 9.4

3.8 ± 1.9
1.0 ± 0.9
16 (40.0)
12.5 ± 5.3
11.5 ± 5.2
3.5 ± 1.2
26.6 ± 6.9

P value

0.262
0.017
0.073
< 0.001
< 0.001
< 0.001
< 0.001

Data were expressed as mean ± SD or number (%). VAS: visual analog
scale, PACU: postoperative nausea and vomiting. Group D: Dexmede
tomidine group, Group R: Remifentanil group.
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Fig. 1. Hemodynamic changes in both groups. T0: arrival at operation, T1: just before intubation, T2: just after intubation, T3 and T4: 5 and 10 min
after intubation, T5: on arrival to the recovery room, T6, T7, T8, and T9: 5, 10, 15, and 20 min after arrival to the recovery room; mean. *P < 0.05,
Group D compared to group R.

when compared to group R, but the difference did not reach
statistical significance (P = 0.073) (Table 4). Eye opening and
extubation time were significantly longer in group D when compared to that of group R (P < 0.001 for the both). Sedation score
assessed by modified OAA/S was significantly lower in group D
than in group R (P < 0.001), and PACU stay time was longer in
group D than in group R (P < 0.001) (Table 4).
Concerning hemodynamic changes, mean blood pressure
(MBP) after 10, 15, and 20 min in the PACU was significantly
lower in group D. HR was significantly lower in group D on arrival and after 5, 10, 15, and 20 min in the PACU (Fig. 1). However, the differences in MBP and HR at each time point between
the 2 groups were not clinically significant with regard to the
administration of vasopressors or anticholinergics.

Discussion
The main result of this study is that thyroidectomy patients
given intraoperative dexmedetomidine as an anesthetic adjuvant
had significantly less PONV during the first 24 hours postoperatively, compared to patients given remifentanil. The efficacy
of dexmedetomidine for postoperative pain was also superior
to remifentanil. The hemodynamic control was similar in both
groups, whereas eye opening was delayed and extubation time
was longer in the dexmedetomidine group.
PONV is a common and unpleasant complication after
general anesthesia. The risk factors that affect the incidence of
PONV are multifactorial in origin and include anesthesia, surgery, and characteristics of the patient [9]. Identifying patients
who are at increased risk of PONV and providing them with
prophylaxis are the main concerns of anesthesiologists and
surgeons. Recently, targeting using a multimodal approach is
driven by the goal of improving PONV. Many studies have dem-
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onstrated that combined antiemetic therapies are more effective
than a single antiemetic treatment in patients with risk factors
[17,18]. Moreover, several non-pharmacologic strategies to reduce the risk of PONV include preoperative anxiolysis, adequate
hydration, and local analgesic techniques [19].
Dexmedetomidine has a unique constellation of pharmacological properties. It is only approved by the Food and Drug
Administration for sedation in the intensive care setting; however, there are many clinical reports related to its off-label use as
an anesthetic adjuvant during the perioperative period [8,20].
Dexmedetomidine provides perioperative hemodynamic stability, anesthesia, an opioid sparing effect, attenuation of PONV,
and control of postoperative pain with minimal respiratory
depression [7]. However, the preventative PONV concentration of dexmedetomidine has been unclear and dose-ranging
studies for when it is infused as a balanced anesthetic technique
are lacking. A meta-analysis related to the clinical usage of dexmedetomidine for PONV prevention reports that a 0.5–1.0 μg/
kg bolus infusion was effective for reducing the occurrence of
PONV [21]. In this study, the dexmedetomidine group that was
administered a 1 μg/kg loading dose over 10 min, followed by a
0.3–0.5 μg/kg/h continuous infusion during the intra-operative
period, showed better control of PONV than the remifentanil
group during the first 24 h after surgery, which reduced the
need for rescue antiemetics. These results could be explained by
the decreased noradrenergic activity as a result of α2 presynaptic
inhibition in the locus coeruleus or the reduction of sympathetic
outflow, which may trigger PONV [22].
Remifentanil is a μ-opioid agonist, which has a rapid clearance and lacks complications related to its accumulation; this is
because of its short half-life of 8–10 min and context-sensitive
half-life of 4 min [23]. Generally, with regard to PONV, opioids
are considered a risk factor; however, unlike other opioids, the
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effect of remifentanil-related PONV has been inconsistent in
clinical situations. Morino et al. [24] identified the intraoperative use of remifentanil as a risk factor for PONV, whereas in the
study by Oh et al. [25], the incidence of PONV using sevoflurane
with remifentanil was not different when compared to using
sevoflurane alone. In addition, Lim et al. [13] reported that the
intraoperative continuous infusion of remifentanil under sevoflurane-based anesthesia did not affect PONV. Therefore, we
intended to compare the effect on PONV between opioid- and
opioid-free balanced anesthesia (the remifentanil and dexmedetomidine groups, respectively) and identified less postoperative nausea when the dexmedetomidine infusion was used as an
anesthetic adjuvant in patients undergoing thyroidectomy. With
regard to postoperative pain, remifentanil has little postoperative analgesia and may provoke hyperalgesia by activating spinal
N-methyl-D-aspartate receptors [26]. In this study, the VAS
scores for postoperative pain were less in the dexmedetomidine
group (2–24 h) and rescue analgesic requirements were lower in
the dexmedetomidine group, although it did not reach statistical
significance. Our finding of reducing postoperative pain is consistent with that of Gurbet et al. [27], who demonstrated that a
dexmedetomidine infusion (1 μg/kg of loading dose for 10 min
followed by 0.5 μg/kg/h) during abdominal surgeries provided
an effective postoperative analgesia without increasing the side
effects. The possible explanation for the reduction of postoperative pain by dexmedetomidine may be related to the inhibition
of substance P release from the dorsal horn by activation of the
α2-adrenoreceptors, which leads to a decrease in the nociceptive inputs [28] and an elimination half-life of 2 to 2.5 hours
[29]. Although the long half-life of dexmedetomidine resulted
in prolonged recovery times and lower sedation scores, clinical
intervention was not required.
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With regard to hemodynamic stability, dexmedetomidine can
cause a decrease in BP and HR by decreasing the sympathetic
outflow and circulating catecholamines. However, rapid infusion of a high concentration can conversely cause an increase in
BP, which may be a result of the vasoconstriction caused by the
activation of the α2-adrenoreceptors. The ability of dexmedetomidine to control BP and HR has been previously reported [30].
It is important to find the therapeutic range of an anesthetic adjuvant that would maximize its various pharmacological properties, while minimizing adverse side effects such as hypotension
and/or bradycardia. In this study, the occurrence of cardiovascular events requiring therapeutic intervention during the intraoperative period was not different between the two groups,
which suggests that our infusion rate of dexmedetomidine (1
μg/kg of loading dose for 10 min followed by 0.3–0.5 μg/kg/h)
may be appropriate as a part of balanced anesthesia for patients
undergoing thyroidectomy. In the PACU, although MBP and
HR tended to be lower in group D than in group R, the need for
medical treatment did not differ.
In conclusion, the use of dexmedetomidine as anesthetic
adjuvant provided better control of PONV and postoperative
pain compared to remifentanil in patients undergoing thyroidectomy. The efficacy of hemodynamic control was similar in
both groups, whereas eye opening and extubation time were
delayed in the dexmedetomidine group. Therefore, the use of
dexmedetomidine in the balanced anesthetic technique may be
a useful approach towards achieving ideal anesthesia.
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