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Comparison of dexmedetomidine vs.
remifentanil combined with sevoflurane
during radiofrequency ablation of
hepatocellular carcinoma: a randomized
controlled trial

Jingru Pan1, Xianlong Li1, Ye He1, Chaojun Jian2, Hui-xin Chen1, Ziqing Hei1*† and Shaoli Zhou1*†
Abstract

Background: Remifentanil is widely used for ultrasound-guided percutaneous radiofrequency ablation (RFA) of
small hepatocellular carcinoma (HCC). We determined whether dexmedetomidine could be an alternative to
remifentanil for RFA of HCC under general anesthesia with sevoflurane.

Methods: We prospectively randomized patients scheduled to undergo RFA for HCC to a dexmedetomidine (DEX)
group or remifentanil (REMI) group (47 patients each). In the DEX group, a bolus infusion (0.4 μg kg− 1) was started
15 min before anesthesia induction and continued at 0.2 μg kg− 1 h− 1 until 10 min before the end of surgery. In
the REMI group, 3 μg kg− 1 h− 1 of remifentanil was administered from 15 min before anesthesia induction to the
end of the surgery. The primary endpoint was postoperative pain intensity. Secondary endpoints included analgesic
requirement, postoperative liver function, patient comfort, and hemodynamic changes. Group allocation was
concealed from patients and data analysts but not from anesthesiologists.

Results: Postoperative pain intensity, analgesic consumption, comfort, liver function, and time to emergence and
extubation did not differ between the two groups. Heart rate, but not mean arterial pressure, was significantly
lower in the DEX group than in the REMI group, at 1 min after intubation and from 30 min after the start of the
surgery until anesthesia recovery. Sevoflurane concentration and dosage were significantly lower in the DEX group
than in the REMI group.

Conclusion: During RFA for HCC, low-dose dexmedetomidine reduced the heart rate and need for inhalational
anesthetics, without exacerbating postoperative discomfort or liver dysfunction. Although it did not exhibit
outstanding advantages over remifentanil in terms of pain management, dexmedetomidine could be a safe
alternative adjuvant for RFA under sevoflurane anesthesia.

Trial registration: Chinese Clinical Trial Registry, ChiCTR-OPC-15006613. Registered on 16 June 2015.
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Background
Ultrasound-guided percutaneous radiofrequency ablation
(RFA) is one of the most effective treatments for small
hepatocellular carcinomas (HCCs) [1, 2]. RFA achieves
complete ablation in 90–95% cases of small HCCs, with
5- and 10-year survival rates comparable to those after
surgery [3–6]. Owing to its superior tumor control, high
survival rates, minimally invasive nature, and ease of
use, RFA has become the first-line treatment for small
HCCs, especially in patients who are not eligible for sur-
gical resection or liver transplantation [7, 8]. Percutan-
eous RFA can be performed under sedation, local
anesthesia, or general anesthesia. However, some pa-
tients experience severe pain and anxiety during RFA
under local anesthesia, which results in lower patient
satisfaction and insufficient tumor ablation [9]. General
anesthesia provides better pain control, better tolerance,
and lower local recurrence rates [10].
Remifentanil, an ultra-short-acting μ-opioid-receptor

agonist, has been demonstrated to be safe and reliable
for RFA [11, 12]. As an adjuvant drug, remifentanil pro-
vides continuous analgesia and stable hemodynamics,
but can cause cardiovascular side effects such as
bradycardia, atrioventricular or sinoatrial block, and
hypotension [13]. Dexmedetomidine is a highly selective
α2-adrenoreceptor agonist with sedative, anxiolytic, and
analgesic effects [14, 15]. It also exhibits neuroprotective
properties [16], anti-inflammatory benefits [17], and pro-
tective effects on the myocardium [18], against ischemia
or reperfusion in the brain [19], and against lung [20],
kidney [21], and liver injuries [22, 23]. In patients under-
going percutaneous RFA of small HCCs under general
anesthesia with sevoflurane, it is unclear whether dex-
medetomidine exhibits outstanding advantages over
remifentanil in terms of pain management, or if it could
be an alternative to remifentanil.
Thus, the purpose of this prospective randomized

study was to compare the effects of dexmedetomidine
and remifentanil on postoperative pain intensity, anal-
gesic requirements, liver function, and general comfort
in patients undergoing RFA of HCCs under general
anesthesia with sevoflurane.
Methods
Ethics
Ethical approval for this randomized prospective controlled
study was provided by the ethics committee of the Third
Affiliated Hospital of Sun Yat Sen University, Guangzhou,
China, on 5 May 2015. This study was registered with the
Chinese Clinical Trial Registry (ChiCTR-OPC-15006613,
http://www.chictr.org.cn/edit.aspx?pid=11243&htm=4) on
16 June 2015. The checklist from the CONSORT 2010
Statement was used (Additional file 1).
Patients and selection criteria
The study involved patients who were scheduled to
undergo elective RFA for HCC under general anesthesia
in our hospital between June 2015 and October 2015.
The inclusion criteria were American Society of
Anesthesiologists physical status classification I–II,
Child–Pugh class A or B, age between 18 and 65 years,
and a single tumor of size ≤5 cm or not more than three
tumor nodules ≤3 cm. The exclusion criteria were: prior
treatment for liver cancer (such as transarterial che-
moembolization and liver resection); recent α2 agonist
use; being allergic to any of the drugs used in this study;
operation time <30 min or >3 h; history of serious impair-
ment in respiratory, cardiovascular (heart block, myocar-
dial ischemia, or uncontrolled high blood pressure), renal,
or central nervous functions; long-term use of psychiatric
or neurological drugs; and severe hearing disability. The
patients were allowed to quit the study at any time.
After obtaining informed consent from all participants,

trained staff used a computer-generated randomization
code to randomize the patients into a remifentanil group
(REMI group) or a dexmedetomidine group (DEX
group) in a 1:1 ratio. For ethical reasons, patient safety,
and drug dosing, the anesthesiologists in charge were
not blinded to the study drugs, but group allocation was
concealed from the patients and data analysts.

Study design
Patients received no premedication. Heart rate (HR),
peripheral arterial oxygen saturation (SpO2),
non-invasive blood pressure, and bispectral index were
monitored continuously (MP60, Philips, Boeblingen,
Germany). In the DEX group, 200 μg dexmedetomidine
diluted to a concentration of 4 μg mL− 1 was adminis-
tered as a 0.4 μg kg− 1 bolus infusion 15 min before the
induction of anesthesia and continued at a rate of
0.2 μg kg− 1 h− 1 until 10 min before the end of the sur-
gery. In the REMI group, 1 mg remifentanil diluted to a
concentration of 20 μg mL− 1 was administered continu-
ously at a rate of 3 μg kg− 1 h− 1 from 15 min before the
induction of anesthesia until the end of the surgery.
General anesthesia was induced with propofol

(1.5 mg kg− 1), fentanyl (3.0 μg kg− 1), and cisatracurium
(0.2 mg kg− 1). After tracheal intubation, anesthesia was
maintained at a bispectral index of 45–55 with sevoflurane
inhalation. At 5 min before the end of surgery, tropisetron
was administered at a dose of 0.1 mg kg− 1 (maximum
total dose, 5 mg). Sevoflurane was stopped at the end of
the surgery (the end of the last RFA procedure).
On occasion, bolus doses of dopamine (2 mg) were ad-

ministered to avoid hypotension (defined as a >30% de-
crease in mean arterial pressure [MAP] from the
baseline value [before anesthesia induction]) [24, 25]. At-
ropine was administered at doses of 0.25 mg to avoid

http://www.chictr.org.cn/edit.aspx?pid=11243&htm=4


Table 1 Sedation–agitation scale (SAS)

Score Term Patients’ behavior

7 Dangerous
agitation

Pulling at endotracheal tube, trying to remove
catheters, climbing over bed rail, striking at staff,
thrashing from side to side

6 Very agitated Does not calm down despite frequent verbal
reminders, requires physical restraints,
bites endotracheal tube

5 Agitated Anxious or mildly agitated, attempting to sit up,
calms down with verbal instructions

4 Calm and
cooperative

Calm, awakens easily, follows commands

3 Sedated Difficult to arouse, awakens to verbal stimuli
or gentle shaking but drifts off again,
follows simple commands

2 Very sedated Arouses to physical stimuli but does not
communicate or follow commands,
may move spontaneously

1 Unarousable Minimal or no response to noxious stimuli,
does not communicate or follow commands
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bradycardia (defined as HR < 50 beats per minute).
These doses were repeated as necessary. Serious
drug-related adverse events should be avoided, such as
allergic reactions and refractory hemodynamic events
(refractory hypotension and bradycardia were defined as
hypotension or bradycardia that persisted for at least
10 min despite administering more than three doses of
dopamine or atropine). If these events occurred intraop-
eratively, the anesthesiologist had immediately to ter-
minate the drug infusion, take the necessary measures,
and record the circumstances.
After the surgery, patients were transferred to a

post-anesthesia care unit (PACU). Immediately when the
patients awoke, they were extubated and questioned
about their pain intensity and comfort. Pain intensity
was assessed with a visual analog scale (VAS; 0–10 cm,
handheld slide-rule type). If the VAS score was 3 or
more, a bolus of 2 mg (body weight < 60 kg) or 3 mg
(body weight > 60 kg) morphine [26–28] was adminis-
tered intravenously. VAS scores were obtained every
5 min until pain relief, which was defined as a VAS score
of <3. If the respiratory rate was <12 breaths/min, SpO2

was < 95%, or a serious adverse event (such as an allergic
reaction, vomiting, or severe pruritus) related to mor-
phine administration occurred, the morphine infusion
was stopped. After the patients were transferred back to
the ward, appropriate analgesics were administered if the
patients complained of serious pain with VAS scores ≥3.
Liver function was tested at least three times in the first
three days after the surgery.

Outcomes and data collection
The primary outcome (endpoint) was postoperative pain
intensity, which was assessed by VAS scores. These scores
were assessed every 5 min starting from the time of extu-
bation in the PACU and were assessed daily during the
first 3 postoperative days when the patients had returned
to the ward. A trained investigator blinded to the group
assignment performed the assessments for all patients.
Secondary outcomes (endpoints) included analgesic

requirement, liver function, patient comfort, and
hemodynamic changes. The intraoperative anesthetic re-
quirement, which was the concentration of inhaled sevo-
flurane, was monitored every 15 min after the start of
surgery, and the total dosage of sevoflurane was re-
corded. Postoperative analgesic administration, including
that in the PACU and the ward, was also recorded.
Preoperative liver function and the peak or nadir of
liver-function data in the first three postoperative days
were recorded, including aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin (ALB),
total bilirubin (TBIL), prothrombin time (PT), and PT
activity (PT%). Sedation–agitation scale (SAS) scores
(Table 1) [29] were recorded every 5 min in the PACU.
We also documented the time to emergence, which was
defined as the interval between the end of the surgery and
a response to a verbal command to open the eyes, which
was assessed every 3 min, as well as the time to extuba-
tion. Patients’ general condition and comfort after the sur-
gery were evaluated by assessing the rates of disorientation
(patients were asked where they were), sore throats,
hoarseness, headache, dizziness, discomfort, cold, nausea,
vomiting, and intraoperative awareness. Hemodynamic
data (HR and MAP) were monitored continuously and re-
corded at the following time points: before the administra-
tion of remifentanil or dexmedetomidine (baseline); 5, 10,
and 15 min after their administration; at the time of intub-
ation; 1, 2, and 5 min after intubation; at the start of the
surgery; 15, 30, 45, and 60 min after the start of the sur-
gery; when the patient was transferred to the PACU;
5 min after transfer to the PACU; at the time of extuba-
tion; and 1 and 5 min after extubation.

Statistical analysis
The primary outcome was the incidence of pain, defined as
a VAS score ≥3. Our pre-experimental data indicated that
this incidence would be 10% in the DEX group and 40% in
the REMI group. The following formula [30] was used to
determine the sample size: n = 15.7 / h2 where h = ∣Φ1

−Φ2∣, where Φ1 is the arcsine transformation for the DEX
group and Φ2 is the arcsine transformation for the REMI
group, assuming α = 0.05, β = 0.2, and a 20% dropout rate.
Therefore, the study required 47 patients in each group.
Data were expressed as mean ± standard deviation, me-

dian and interquartile range, or proportions, and were ana-
lyzed using the SPSS v20.0 software package (SPSS,
Chicago, IL, USA). Parametric data were analyzed using
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analysis of variance, and nonparametric data were analyzed
using the Mann–Whitney U-test. MAP, HR, and
sevoflurane concentration were evaluated using
repeated-measures analysis of variance and the t-test.
Time to emergence and time to extubation were
compared using the Mann–Whitney U-test. Fisher’s
exact test was used to analyze proportions. A two-sided
P < 0.05 was considered statistically significant.
Results
We screened 245 consecutive patients and enrolled 94 pa-
tients into this study. Five patients from each group either
had an operative time outside our limits or experienced
refractory intraoperative bradycardia or hypotension.
Thus, finally, 42 patients in each group strictly completed
the study protocol and in its entirety, but all 47 patients
were included in the intention-to-treat analysis (Fig. 1 and
Additional file 2). The baseline characteristics were well
balanced between the two groups in terms of demograph-
ics and preoperative liver function (Table 2).
Primary outcomes
VAS scores and the incidence of postoperative pain
(VAS score ≥ 3) did not significantly differ between the
two groups at any time point (P > 0.05; Table 3). The an-
algesic requirement did not significantly differ between
the two groups within the time frame of the focus after
the surgery (P > 0.05; Table 3). The incidence of postop-
erative pain at 48 h after surgery in the REMI group was
significantly different from the incidence at the end of
surgery (8.51% vs. 27.66%, P = 0.030). There were no
Fig. 1 Patient enrollment and randomization. COPD chronic obstructive pu
significant differences at other time points in the same
group (P > 0.05; Table 3).
Secondary outcomes
Immediately after extubation, the general condition of the
patients, in terms of disorientation, sore throat, hoarse-
ness, headaches, dizziness, discomfort, cold, nausea,
vomiting, and intraoperative awareness, was similar in
both groups (P > 0.05; Table 4). Liver function was
assessed on the first 3 postoperative days. The peak ALT,
AST, and TBIL levels were slightly higher in the DEX
group, while the nadir ALB and PT% activity and peak PT
levels were slightly lower in the REMI group, but the dif-
ferences were not statistically significant (P > 0.05; Table 5).
All of the liver functions tested were significantly worse
postoperatively than preoperatively (P < 0.05).
Repeated-measures analysis of variance revealed sig-

nificant variation in HR and MAP over time within each
group (Fig. 2a, b). HR was significantly lower in the DEX
group than in the REMI group at 1 min after intub-
ation (70.62 ± 12.93 vs. 75.38 ± 15.46, P = 0.018),
30 min after the start of surgery (59.21 ± 8.26 vs. 67.76
± 12.90, P < 0.001), and during recovery (P < 0.005;
Table 6). Hypotension (34.04% vs. 23.40%, P = 0.362)
and bradycardia (34.04% vs. 40.43%, P = 0.670) (requir-
ing treatment with dopamine or atropine) occurred in
both groups, but their incidence did not differ between
the two groups (Table 7). Refractory hypotension (4.26%
vs. 4.26%, P = 1.000) and bradycardia (4.26% vs. 2.13%, P =
1.000) also occurred in both groups, but their incidences
were not significantly different (Table 7).
lmonary disease



Table 2 Preoperative characteristics of the patients

Characteristic Remifentanil Dexmedetomidine

n = 47 (50.00%) n = 47 (50.00%)

Age (years) 49.57 ± 11.09 51.17 ± 10.15

Sex (male/female) 44/3 38/9

Body mass index (kg/m2) 22.73 ± 3.12 21.89 ± 2.65

Baseline AST (U/L) 37.60 ± 14.77 37.36 ± 20.12

Baseline ALT (U/L) 37.68 ± 22.20 35.55 ± 21.91

Baseline ALB (g/L) 40.20 ± 5.05 39.73 ± 4.17

Baseline TBIL (μmol/L) 20.15 ± 15.55 18.29 ± 12.56

Baseline PT (s) 14.46 ± 1.23 14.27 ± 1.59

Baseline PT% activity 85.34 ± 14.42 85.57 ± 14.49

Data are expressed as mean ± standard deviation, or numbers. None of the
variables significantly differed between the two groups (P > 0.05)
ALT alanine aminotransferase, AST aspartate aminotransferase, ALB albumin,
TBIL total bilirubin, PT prothrombin time

Table 4 General condition and comfort of patients after the surgery

Remifentanil
(n = 47)

Dexmedetomidine
(n = 47)

P

Disorientation 5 (10.64) 5 (10.64) 1.000

Sore throat 8 (17.02) 9 (19.15) 1.000

Hoarseness 2 (4.26) 3 (6.38) 1.000

Headache 0 (0.00) 1 (2.13) 1.000

Dizziness 3 (6.38) 4 (8.51) 1.000

Uncomfortable 2 (4.26) 4 (8.51) 0.677

Cold 0 (0.00) 3 (6.38) 0.242

Nausea 2 (4.26) 7 (14.89) 0.158

Vomiting 0 (0.00) 0 (0.00) –

Intraoperative awareness 0 (0.00) 0 (0.00) –

Values expressed as number of patients with percentages in parentheses
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At each measured time point during the surgery, the
concentration of inhaled sevoflurane was significantly
lower in the DEX group than in the REMI group (Fig. 2c).
Anesthesia time did not significantly differ between the
two groups, but there were significant differences in the
total dosage of sevoflurane (22.77 ± 11.18 vs. 17.58 ±
11.22 mL, P = 0.017) and the sevoflurane dosage related
to anesthesia time (16.41 ± 5.74 vs. 11.56 ± 5.20 mL h− 1,
Table 3 Incidence of postoperative pain, defined as a VAS score
≥ 3 and analgesic administration in the study groups

Parameter Remifentanil
(n = 47)

Dexmedetomidine
(n = 47)

P

VAS score

At the end of surgery 1 (0, 3) 0 (0, 2) 0.095

8 h after surgery 2 (0, 3) 1 (0, 3) 0.637

24 h after surgery 1 (0, 3) 0 (0, 2) 0.785

48 h after surgery 0 (0, 1) 0 (0, 2) 0.261

Patients with VAS score≥ 3

At the end of surgery 13 (27.66) 7 (14.89) 0.207

8 h after surgery 19 (40.43) 15 (31.91) 0.520

24 h after surgery 12 (25.53) 8 (17.02) 0.450

48 h after surgery 4 (8.51)* 9 (19.15) 0.231

Patients requiring analgesic administration

Within 8 h after surgery 24 (51.06) 17 (36.17) 0.212

Within 72 h after surgery 30 (63.83) 24 (51.06) 0.297

Patients who required
analgesics or had a VAS
score≥ 3 after transfer
out of the PACU

26 (55.32) 22 (46.81) 0.536

Values expressed as median (25% percentile, 75% percentile), or
number (percentages)
PACU post-anesthesia care unit, VAS visual analog scale
*P < 0.05 vs. patients with VAS score ≥ 3 at the end of surgery
P < 0.001; Table 8). Delayed emergence was defined as a
time to emergence of over 30 min. Although there were
more patients with delayed emergence in the DEX
group (12.77% vs. 4.26%), the difference was not statis-
tically significant (P = 0.267; Table 9). Time to emer-
gence, time to extubation, and the number of patients
with a postoperative SAS score of ≥5 did not signifi-
cantly differ between the two groups (Table 9).

Discussion
Unlike other studies or our pre-experiment, this study
showed that compared with remifentanil, dexmedetomi-
dine did not significantly reduce postoperative pain or
analgesic consumption in patients undergoing RFA for
small HCCs. However, dexmedetomidine significantly
reduced the demand for inhaled anesthetics and inhib-
ited an increase in HR during extubation. It did not
influence immediate postoperative patient comfort, ex-
acerbate liver-function impairment during the first 3
postoperative days, or delay recovery from anesthesia.
Dexmedetomidine is a selective α2-adrenoreceptor

agonist, with superior sedative, anxiolytic, and analgesic
properties. Several studies have shown that
Table 5 Postoperative laboratory data during the first 3
postoperative days

Remifentanil
(n = 47)

Dexmedetomidine
(n = 47)

P

Peak AST (U/L) 293.15 ± 208.68 285.98 ± 131.67 0.843

Peak ALT (U/L) 240.48 ± 196.20 265.17 ± 207.06 0.557

Nadir ALB (g/L) 34.62 ± 5.44 32.92 ± 6.82 0.190

Peak TBIL (μmol/L) 42.32 ± 30.97 49.21 ± 55.05 0.468

Peak PT (s) 17.06 ± 6.26 16.23 ± 5.12 0.522

Nadir PT% activity 71.72 ± 12.68 73.54 ± 13.29 0.540

Values are expressed as mean ± standard deviation
ALT alanine aminotransferase, AST aspartate aminotransferase, ALB albumin,
TBIL total bilirubin, PT prothrombin time



Fig. 2 Hemodynamic changes during the observation period: a heart rate (HR), b mean arterial pressure (MAP), and c sevoflurane concentration
during surgery. HR heart rate, MAP mean arterial pressure, PACU post-anesthesia care unit. *P < 0.05 vs. the REMI group
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dexmedetomidine decreases VAS scores, analgesic re-
quirement, and opioid-related adverse events [31–33].
Dexmedetomidine exhibits a synergistic effect with the
opioid system and might potentiate the analgesic effect of
other analgesic drugs [34, 35]. In some reports, dexmede-
tomidine has exhibited superior efficacy in pain man-
agement compared to remifentanil during a PACU
stay after general anesthesia [36, 37]. Dexmedetomi-
dine also has opioid-sparing properties [38, 39]. This
might partially explain why fewer patients in the DEX
group had VAS scores of ≥3 in the present study.
However, the difference was not statistically signifi-
cant, and dexmedetomidine did not show any advan-
tages over remifentanil in terms of VAS scores or
analgesic consumption. The discrepancy between the
above findings and those of our study might be at-
tributable to the effect of local hyperthermia on the
liver capsule, and peripheral nerves and vessels, and
inadequate analgesia provided by the two study drugs.
The analgesic effects of the drugs were dose



Table 6 Intraoperative hemodynamic data

Mean arterial blood pressure (mm Hg) Heart rate (beats/min)

Remifentanil Dexmedetomidine P Remifentanil Dexmedetomidine P

Baseline/ administration 96.83 ± 10.42 96.69 ± 9.70 0.943 73.28 ± 11.74 71.81 ± 13.41 0.574

2 min 95.74 ± 10.52 94.19 ± 10.77 0.481 72.64 ± 12.37 71.98 ± 13.65 0.807

5 min 94.79 ± 11.14 94.32 ± 9.91 0.830 71.47 ± 10.62 70.81 ± 13.44 0.792

10 min 93.81 ± 10.82 92.04 ± 10.45 0.423 71.11 ± 11.02 68.70 ± 13.89 0.355

15 min 93.04 ± 11.29 89.49 ± 11.53 0.135 70.83 ± 12.58 65.68 ± 12.75 0.052

Intubation 75.28 ± 11.00 71.53 ± 12.30 0.123 62.77 ± 9.54 59.06 ± 11.71 0.096

1 min 92.47 ± 15.35 87.94 ± 15.49 0.158 75.38 ± 15.46 70.62 ± 12.93 0.018

2 min 82.60 ± 11.31 80.70 ± 12.27 0.439 67.30 ± 13.06 62.36 ± 11.56 0.055

5 min 75.38 ± 10.10 73.66 ± 9.67 0.400 60.13 ± 10.84 58.64 ± 10.33 0.497

Surgery 74.21 ± 10.83 69.85 ± 11.20 0.058 61.32 ± 9.00 58.33 ± 9.50 0.122

15 min 80.43 ± 10.84 77.00 ± 16.01 0.299 63.98 ± 8.55 60.45 ± 9.73 0.071

30 min 80.68 ± 16.89 75.91 ± 17.40 0.183 67.76 ± 12.90 59.21 ± 8.26 < 0.001

45 min 75.26 ± 21.10 70.18 ± 25.82 0.306 69.71 ± 11.18 62.32 ± 8.44 0.002

60 min 69.22 ± 22.83 61.62 ± 24.67 0.139 69.15 ± 8.45 61.37 ± 9.61 0.001

PACU 96.72 ± 11.62 94.30 ± 11.98 0.322 74.24 ± 11.64 66.82 ± 13.01 0.005

5 min 100.26 ± 12.24 98.77 ± 12.24 0.577 78.93 ± 13.73 70.56 ± 14.42 0.006

Extubation 104.13 ± 13.85 102.47 ± 10.22 0.510 85.70 ± 14.11 80.09 ± 12.66 0.045

1 min 101.17 ± 12.63 100.57 ± 8.75 0.791 82.66 ± 13.08 75.23 ± 12.39 0.006

5 min 97.96 ± 9.41 96.30 ± 9.45 0.396 76.68 ± 12.07 70.21 ± 10.52 0.007

Values are expressed as mean ± standard deviation
PACU post-anesthesia care unit
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dependent. In our study, dexmedetomidine and remi-
fentanil were administered intraoperatively, and other
preventive analgesic drugs were not used. Further-
more, although RFA is more rapid and less invasive
than liver resection, unfortunately, 14.89–40.43% of
patients complained of pain after RFA in this study.
Remifentanil can provide rapid recovery from anesthesia,

but occasionally opioid-induced hyperalgesia can emerge
after long-term infusion [40], though the evidence is con-
flicting [41]. The analgesic effect of remifentanil fades
within 3–10 min. Immediately after extubation, 13 patients
(27.66%) in the REMI group, who could be considered to
be without any analgesia, experienced significant pain. At
48 h later, the pain caused by surgery was significantly re-
duced, and the proportion of patients complaining of pain
decreased significantly (P = 0.030). The above difference
Table 7 Number of patients with hypotension or bradycardia

Remifentanil
(n = 47)

Dexmedetomidine
(n = 47)

P

Hypotension 11 (23.40) 16 (34.04) 0.362

Bradycardia 19 (40.43) 16 (34.04) 0.670

Refractory hypotension 2 (4.26) 2 (4.26) 1.000

Refractory bradycardia 1 (2.13) 2 (4.26) 1.000

Values expressed as numbers and percentages
might be due to the higher proportion at the end of sur-
gery, and the rapid decline 48 h later.
Further analysis showed that the number of patients

with pain peaked at 8 h after the surgery (40.43% and
31.91% in the REMI and DEX groups, respectively), and
approximately half the patients in each group required
analgesics or had a VAS score of ≥3 even after transfer-
ring out of the PACU. This suggests that in addition to
the administration of analgesics at the end of the sur-
gery, prophylactic analgesia may be required until the
patient is transferred to the ward, especially in the first
8 h following surgery.
RFA is a safe treatment for HCC associated with mild

liver dysfunction but has the potential to aggravate pre-
existing hepatic dysfunction [42]. Transient liver dys-
function after RFA is common. AST, ALT, and TBIL
levels peak at 12–24 h after RFA [43]. Remifentanil is
metabolized by nonspecific esterases present mainly in
the blood and is considered to have no effect on liver
function. In contrast, dexmedetomidine is metabolized
by the liver, and one study has reported that high doses
could induce oxidative stress in liver tissue [44].
However, several studies [22, 23, 45] have shown that
dexmedetomidine has a protective effect against liver
ischemia-reperfusion injury. In the present study, postoper-
ative liver function was not significantly different between



Table 8 Dosage of sevoflurane

Remifentanil
(n = 47)

Dexmedetomidine
(n = 47)

P

Anesthesia time (h) 1.37 ± 0.52 1.14 ± 0.64 0.767

Total dosage of
sevoflurane (mL)

22.77 ± 11.18 17.58 ± 11.22 0.017

Sevoflurane related to
anesthesia time (mL h−1)

16.41 ± 5.74 11.56 ± 5.20 < 0.001
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the two groups and the protective effect of dexmedetomi-
dine was not observed. Possible reasons for this finding
might be that the liver dysfunction caused by RFA was
minimal and differed from ischemia-reperfusion injury.
However, the precise reasons require further investigation.
Remifentanil provides hemodynamic stability and

attenuates the stress response but is commonly associated
with side effects, such as bradycardia (2–12%) and
hypotension (6–30%), which are strongly dose dependent
[46, 47]. Drops in HR, such as those observed in our study,
are mainly caused by centrally mediated sympatholytic and/
or vagotonic actions, whereas drops in blood pressure are
mainly the result of direct vasodilation [48, 49]. Dexmede-
tomidine reduces catecholamine secretion, soothes the
stress response to endotracheal intubation or extubation,
and maintains hemodynamic stability during the intraoper-
ative period, all of which are outstanding advantages [50,
51]. The cardiovascular effects of dexmedetomidine mainly
result from peripheral and central α2-adrenoreceptor activa-
tion [52]. The reduction of stress and analgesic effects
might play a key role. The causes of bradycardia might be
central sympatholytic action, activation of the barorecep-
tor reflex, and enhanced vagal activity. This effect is ex-
pected to blunt changes in HR. Some researchers believe
that significant hypotension caused by dexmedetomidine
is usually observed only in patients with preexisting
Table 9 Emergence from anesthesia

Remifentanil (n
= 47)

Dexmedetomidine
(n = 47)

P

Patients with
delayed emergence

2 (4.26) 6 (12.77) 0.267

Time to emergence
(min)*

14 (11, 18) 15 (10, 24) 0.066

Time to extubation
(min)*

19 (15, 25) 19 (15, 29) 0.051

Patients with SAS≥ 5
at extubation

2 (4.26) 6 (12.77) 0.267

Patients with SAS≥ 5
at 1 min after extubation

0 (0.00) 2 (4.26) 0.495

Patients with SAS≥ 5
at 5 min after extubation

0 (0.00) 1 (2.13) 1.000

Values expressed as numbers and percentages, or medians and interquartile
ranges (25th percentile, 75th percentile)
SAS Sedation-Agitation scale
*Mann–Whitney U-test
vasoconstriction or hypovolemia [53]. In one study, the in-
cidence of hypotension requiring intervention was slightly
higher in patients receiving high-dose dexmedetomidine
than in those receiving lower doses [54]. In the present
study, as all patients had some hepatic dysfunction, we se-
lected low drug doses (0.4 μg kg− 1 bolus and maintenance
with 0.2 μg kg− 1 h− 1), which we believed would have a
lesser impact on hemodynamics, including hypotension
and bradycardia [55–57]. Although hypotension and
bradycardia still occurred in our study, HRs were stable
during postoperative recovery in the DEX group.
Another important observation of our study was that

dexmedetomidine, as previously reported [58], signifi-
cantly reduced the demand for inhalational anesthetics,
without affecting the time to emergence or extubation.
Although one study [59] found that dexmedetomidine is
associated with delayed recovery, several others [60–62]
have reported that as an adjuvant to general anesthesia,
dexmedetomidine results in more stable hemodynamics,
better recovery, and easy extubation, without affecting
recovery time. One possible reason for this difference is
that inhaled anesthetics are rapidly discharged due to
lower intraoperative demand, and the time to emergence
and extubation might be influenced more by the
anesthetic dose than by the administration of analgesics.
Our study has certain limitations. First, the specifics of

the RFA procedures, including power output, time, and
location, were not the same for each patient owing to
differences in patient conditions and ethical require-
ments. A multicenter large-scale trial could resolve this
problem. Second, for patient safety, the anesthesiologists
in charge were not blinded to the drugs used in the sur-
geries, and this could lead to bias. Third, only 3 days of
follow-up were performed, which might be inadequate
to assess prognosis. Longer observation is necessary to
obtain more complete and meaningful comparisons.

Conclusion
In conclusion, the perioperative administration of low-dose
dexmedetomidine to patients undergoing RFA reduced
their HRs and the requirement for inhalational anesthetics,
and did not exacerbate postoperative discomfort or liver
dysfunction. Although dexmedetomidine did not reduce
postoperative pain scores or exhibit an analgesic-sparing
effect compared with remifentanil, it appeared to be a safe
optional adjunct and it appeared that postoperative pain
was strictly controlled in all RFA patients.
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