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Comparison of an Intraoperative Infusion of Dexmedetomidine, 
Fentanyl, and Remifentanil on Perioperative Hemodynamics, 
Sedation Quality, and Postoperative Pain Control

We aimed to compare fentanyl, remifentanil and dexmedetomidine with respect to 
hemodynamic stability, postoperative pain control and achievement of sedation at the 
postanesthetic care unit (PACU). In this randomized double-blind study, 90 consecutive 
total laparoscopic hysterectomy patients scheduled for elective surgery were randomly 
assigned to receive fentanyl (1.0 µg/kg) over 1 minute followed by a 0.4 µg/kg/hr infusion 
(FK group, n = 30), or remifentanil (1.0 µg/kg) over 1 minute followed by a 0.08 µg/kg/
min infusion (RK group, n = 30), or dexmedetomidine (1 µg/kg) over 10 minutes followed 
by a 0.5 µg/kg/hr infusion (DK group, n = 30) initiating at the end of main procedures of 
the operation to the time in the PACU. A single dose of intravenous ketorolac (30 mg) was 
given to all patients at the end of surgery. We respectively evaluated the pain VAS scores, 
the modified OAA/S scores, the BIS, the vital signs and the perioperative side effects to 
compare the efficacy of fentanyl, remifentanil and dexmedetomidine. Compared with 
other groups, the modified OAA/S scores were significantly lower in DK group at 0, 5 and 
10 minutes after arrival at the PACU (P < 0.05), whereas the pain VAS and BIS were not 
significantly different from other groups. The blood pressure and heart rate in the DK 
group were significantly lower than those of other groups at the PACU (P < 0.05). DK 
group, at sedative doses, had the better postoperative hemodynamic stability than RK 
group or FK group and demonstrated a similar effect of pain control as RK group and FK 
group with patient awareness during sedation in the PACU. (World Health Organization 
registry, KCT0001524).
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INTRODUCTION

Perioperative and postoperative pain control, maintenance of 
hemodynamic stability, proper sedation and awakening are a 
major part of anesthetic management. The opioids such as fen-
tanyl and remifentanil have been widely used in operating room 
and PACU. Dexmedetomidine, recently introduced, is often used 
as it has both analgesic potency and sedative effect.
 Dexmedetomidine is the highly selective α2-adrenergic ago-
nist, which provides sedation, anxiolysis, hypnosis, analgesia, 
and sympatholysis (1). A loading dose of dexmedetomidine is 1 
µg/kg over 10 minutes, and maintenance dose is 0.2-0.7 µg/kg/
hr for procedural sedation. It has been used in the operating 
room and the intensive care unit (ICU) for sedation (2). It is not 
associated with respiratory depression, despite profound levels 
of sedation (3). It decreases sympathetic outflow of central ner-
vous system in a dose-dependent manner and has analgesic ef-
fects best described as “opioid-sparing” (4). It has been known 

to reduce opioid requirements by 30% to 50% (5). Consistent 
with the pharmacological effect, dexmedetomidine decreases 
heart rate (HR) and arterial pressure. These hemodynamic chan-
ges are associated with reduction in norepinephrine plasma 
levels (6). The analgesic potential of α2-agonists, however, does 
not approximate the potency of opioids. Nevertheless, in neu-
ropathic pain in which opioid relief is suboptimal, α2-agonists 
may offer specific advantages (7). These properties (sedation, 
lack of respiratory depression and analgesia sparing) of dexme-
detomidine help reduce the significant postoperative pain and 
provide proper sedation after major surgical procedures, which 
can result in hemodynamic stability in PACU.
 Although fentanyl and remifentanil have been commonly 
used for pain control and sedation in perioperative and postop-
erative period, dexmedetomidine can be an effective alterna-
tive as it has both analgesic and sedative effect like fentanyl and 
remifentanil. The aim of this study is to compare the efficacy of 
dexmedetomidine and opioids such as fentanyl and remifent-
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anil with respect to hemodynamic stability, sedation and post-
operative pain control after completion of total laparoscopic 
hysterectomy.
 

MATERIALS AND METHODS

Study subjects
With ethics committee approval and written informed consent, 
90 Female patients aged 18-60 years with American Society of 
Anesthesiologists (ASA) physical status I-II patients scheduled 
for laparoscopic total hysterectomy with general anesthesia were 
included in a prospective, randomized, double-blind study.
 The exclusion criteria included a history of recent respiratory 
tract infection, alcohol abuse, diabetes mellitus, hypertension 
and patients with severe bronchopulmonary disease, cardio-
vascular, endocrinological, neuropathic, renal or hepatic disor-
ders, an allergy to opioids or current use of analgesics or psy-
choactive drugs.
 Before surgery, the patients were randomly divided into three 
groups using a computer-generated random number table and 
sealed envelope method (Table 1). Randomization was perform-
ed by an anesthesiologist who was not involved in the anesthet-
ic management of the patients or data collection. In every case, 
study drugs were administered by anesthetic nurses while the 
anesthesiologist in charge did not know what they were. All pa-
tients were premedicated with an intramuscular injection of 
glycopyrrolate (0.2 mg), 30 minutes before their arrival in the 
operating room. In the operating room, routine monitoring in-
cluded three lead electro-cardiogram (EKG), non-invasive sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP), mean 
arterial pressure, heart rate (HR), respiratory rate, pulse oxime-
try, and end-tidal CO2.
 Electrodes for monitoring the Bispectral Index (BISTM, model 
A-2000®; Aspect Medical Systems, USA) were attached to the 
head on arrival to the operating room. Visual analogue scales 
(VAS) scores for pre- or post-operative pain were measured and 
a modified observer’s assessment of alertness (OAA/S) score of 
sedation and hypnosis were measured in the postanesthetic 
care unit (PACU) (Table 2).

 Induction was accomplished with full preoxygenation, 1% li-
docaine (40 mg) and 1% propofol (2 mg/kg), followed by rocu-
ronium (0.6 mg/kg). Anesthesia was maintained with O2 at 2 L/
min, N2O at 3 L/min, 6-7 vol% of desflurane, and rocuronium 
was given if required. The end-tidal CO2 was maintained at 35-
40 mmHg.
 We started administration of the study drugs (fentanyl, remi-
fentanil, dexmedetomidine) at a point when pain is began to 
reduce, i.e. at 60 minutes intraoperatively (t5-op-60). A single 
dose of intravenous ketorolac (30 mg) was given to all patients 
at the end of surgery and additional study drugs were adminis-
tered according to group designation. The total dose of fentanyl, 
remifentanil and dexmedetomidine administered during sur-
gery and in the PACU was recorded.
 Group FK (n = 30) was given a loading dose of fentanyl (1.0 
µg/kg) over 1 minute followed by a continuous infusion of 0.4 
µg/kg/hr and group RK (n = 30) was given a loading dose of 
remifentanil (1.0 µg/kg) over 1 minute followed by continuous 
infusion of 0.08 µg/kg/min. For group DK (n = 30), a loading 
dose of dexmedetomidine (1 µg/kg) was given over 10 minutes 
followed by a continuous infusion of 0.5 µg/kg/hr at the end of 
main procedures of the operation to the time in the PACU. The 
doses used in three groups were considered sedative doses. HR 
below 50 beats/min was treated with atropine (10 µg/kg) intra-
venously. SBP below 80 mmHg was treated with ephedrine (5 
mg) intravenously.
 Anesthetic gases were turned off 5 minutes before the com-
pletion of surgery and at the end of surgery, the patients were 
given 10 mg of pyridostigmine and 0.2 mg of glycopyrrolate in-
travenously. The patients were ventilated with 100% oxygen at 5 
L/min until the patient was fully awake and had recovered from 
the muscle relaxation.
 Blood pressure and HR were measured every 5 minutes and 
were recorded for this study at t0 (before induction), t1 (after 
induction), t2 (after incision), t3 (operation for 15 minutes), t9 
(operation for 90 minutes) and R0 (arrival at recovery room) and 
R30 (30 minutes after arrival at recovery room).
 The incidences of postoperative side effects (nausea, vomit-
ing, dry mouth, shivering, hypotension, bradycardia, desatura-
tion, etc.) in three groups were recorded in the PACU. The BIS, 
VAS scores, modified OAA/S scores of sedation, vital signs, re-
spiratory rate and end-tidal CO2 were also measured simulta-

Table 1. Demographic findings of subjects by the group

Parameters
FK group 
(n = 30)

RK group 
(n = 30)

DK group 
(n = 30)

Age, yr 49.7 ± 5.1 46.6 ± 3.2 45.1 ± 3.9
Weight, kg 66.6 ± 7.1 63.8 ± 6.1 61.7 ± 9.3
ASA (I/II) 28/2 24/6 27/3
Height, cm 159.1 ± 6.3 161.8 ± 5.5 160.6 ± 4.9
Duration of operation, min 108.0 ± 21.2 99.8 ± 21.6 97.3 ± 24.9
Duration of anesthesia, min 137.1 ± 13.6 126.9 ± 30.4 132.1 ± 18.1

Data are expressed as mean ± SD.
FK group, fentanyl group; RK group, remifentanil group; DK group, dexmedetomidine 
group; ASA, American Society of Anesthesiologists.

Table 2. Observer’s assessment of alertness/sedation score

Assessment Score

Responds readily to name spoken in normal tone 5 (Alert)
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly and/or repeatedly 3
Responds only after mild prodding or shaking 2
Responds only after painful trapezius squeeze 1
Does not respond to painful trapezius squeeze 0
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Fig. 1. Flow diagram of progress through the study in Comparison of an intraoperative infusion of dexmedetomidine, fentanyl and remifentanil on perioperative hemodynamics, 
sedation quality and postoperative pain control.

Enrollment

Allocation

Follow-up

Analysis

Allocated to DK group (n = 32)
  · Received Dexmedetomidine (n = 31)
  ·  Did not receive allocated intervention 

(n = 1): Underpreparation

Lost to follow-up (n = 0)

Discontinued intervention (n = 1):
Change of the operation type

Analysed (n = 30)
  · Excluded from analysis (n = 0)

Analysed (n = 30)
  · Excluded from analysis (n = 0)

Analysed (n = 30)
  · Excluded from analysis (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 1):
Change of the operation type

Allocated to RK group (n = 30)
  · Received Remifentanil (n = 30)
  ·  Did not receive allocated intervention 

(n = 0)

Allocated to FK group (n = 31)
  · Received Fentanyl (n = 31)
  ·  Did not receive allocated intervention 

(n = 0)

Excluded (n = 11)
  · Not meeting inclusion criteria (n = 9)
  · Declined to participate (n = 2)
  · Other reasons (n = 0)

Randomized (n = 93)

Assessed for eligibility (n = 104)

neously (8,9).

Statistical analysis
The number of patients required in each group was determined 
using a power calculation based on data from our preliminary 
study of dexmedetomidine and its influence on the haemody-
namic responses (unpublished). This calculation established 
that 30 patients were required in each group for a type I error of 
0.05, a type II error of 0.2, Δ = 10 and SD = 12 for the SBP para-
meter. Recruitment was increased by 10% to compensate for 
unexpected loss.
 Statistical analyses were performed using GraphPad Prism 
(GraphPad Software, USA, 5.0). A one-way ANOVA with Tukey’s 
post hoc multiple comparison test was used for comparison 
between groups. The results are expressed as the mean ± SD or 
absolute number. A P value of < 0.05 was considered to be sta-
tistically significant.

Ethics statement
The study protocol was approved by our institutional review 
board of St. Vincent’s Hospital, The Catholic University of Korea 
(VC13MISI0080). Informed consent was submitted by the re-

cruited subjects. This study was listed on a World Health Orga-
nization recognized registry (KCT0001524).
 

RESULTS

A total 93 patients were randomized into the study. One patient 
was excluded due to underpreparation, and 92 patients were 
allocated to intervention groups and received the allocated in-
terventions. Of these, two patients were lost to follow-up due to 
change to open abdominal hysterectomy (Fig. 1).
 The three groups had similar age, weight, height, ASA status, 
duration of the operation time and duration of the anesthetic 
time (Table 1). The patients in each group received a total of 
137.7 ± 40.2 µg of DEX, 108.5 ± 29 µg of fentanyl, and 416.2 ±  
37.2 µg of remifentanil.
 Table 2 summarizes the adverse events during the study. There 
were no significant differences in the incidence of side effects 
among the three groups (Table 3). These adverse events were 
observed mainly during the immediate postoperative period. 
Dry mouth was reported in three patients in Group DK. Nausea, 
vomiting, shivering and bradycardia were reported in Group 
FK and Group RK.
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Table 3. Side effect profiles for each group

Side effects

No. (%) of patients

FK group 
(n = 30)

RK group 
(n = 30)

DK group 
(n = 30)

Nausea 3 (10) 3 (10) 0 (0)
Vomiting 3 (10) 2 (6.7) 0 (0)
Dry mouth 0 (0) 0 (0) 3 (10)
Shivering 3 (10) 3 (10) 0 (0)
Hypotension (SBP < 80 mmHg) 1 (3.3) 2 (6.7) 0 (0)
Bradycardia (< 40 rate/min) 1 (3.3) 3 (10) 1 (3.3)

Hypotension: SBP < 80 mmHg or DBP < 50 mmHg or < 30% level before drug in-
jection.

 Modified OAA/S scores of sedation were significantly lower 
in Group DK compared with other Groups at R0 (arrival at re-
covery room), and at R5 and R10 (Fig. 2A). VAS scores of post-
operative pain were not significantly different among the three 
groups (Fig. 2B).
 Changes in the BIS were not significantly different among 
the three groups at all times from t0 (before induction time) to 

Fig. 3. Changes in bispectral index (BIS) for the three groups. 
FK group, fentanyl-ketorolac group. RK group, remifentanil-ketorolac group; DK group, 
dexmedetomidine-ketorolac group. t0, before induction time; t1, after induction time; 
t2, after incision time; t3, operation 15 minutes; t4, operation 30 minutes; t5, opera-
tion 60 minutes: t6, operation 75 minutes; t7, operation 80 minutes; t8, operation 85 
minutes; t9, operation 90 minutes; t10-Rec-0, arrival at recovery room; t11-Rec-05, 
5 minutes after arrival at recovery room; t12-Rec-10, 10 minutes after arrival at re-
covery room; t13-Rec-15, 15 minutes after arrival at recovery room; t14-Rec-20, 20 
minutes after arrival at recovery room; t15-Rec-25, 25 minutes after arrival at recov-
ery room; t16-Rec-30, 30 minutes after arrival at recovery room.
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t16-Rec-30 (30 minutes after arrival at recovery room; Fig. 3).
 After starting the injection of study drugs in the three groups, 
SBP, DBP and HR were significantly lower in Group DK com-
pared with other Groups from t6 (operation for 75 minutes) to 
t12-Rec-10 (10 minutes after arrival at recovery room; Fig. 4).
 

DISCUSSION

After its approval by the Food and Drug Administration (FDA) 
in 1999, dexmedetomidine has become well-established as a 
sedative-hypnotic agent. Dexmedetomidine is chemically re-
lated to clonidine but its affinity for α2-receptors is eight times 
higher (1,620:1) when it is compared with clonidine (200:1). It is 
now being used off-label outside of the ICU, in various settings 
such as maintaining airway, providing hemodynamic stability 
and adjunctive analgesia in the operating room, sedation in di-
agnostic and procedure units without the need for tracheal in-
tubation, and prevention of withdrawal following the prolonged 
administration of opioids and benzodiazepines (9). It was also 
used for sedation in monitored anesthesia care (MAC) (10). Un-
like other sedatives, dexmedetomidine-induced sedation allows 
the patients to open the eyes for response to verbal stimulation 
and communication, showing normal cognitive abilities. And 
after surgery or other procedures, it can be used without restric-
tions during physical examinations to identify the patient’s gen-
eral condition and neurological status (11).
 Dexmedetomidine has sedative and analgesia-sparing effects 
via central actions in the locus coeruleus (LC) and in the dorsal 
horn of the spinal cord. The primary action of all α2-adrenergic 
agonists is an inhibition of norepinephrine release causing an 
attenuation of excitation in the central nervous system, espe-
cially in the LC (12). To our knowledge, the α2-adrenergic ago-
nists have significant analgesic effects. Even though the opioids 
have more analgesic effects than dexmedetomidine, it is report-
ed that dexmedetomidine can reduce opioid requirements by 
30% to 50% and is a safer drug for sedation (13). Several studies 
have documented that it provides stable hemodynamics and 
has no effect on respiratory function (3,9).
 The sedation produced by α2-adrenoreceptor agonists, un-
like the one by traditional sedatives, such as benzodiazepines, 
propofol, barbiturates and etomidate does not depend primar-
ily on activation of the gamma-aminobutyric acid (GABA) sys-
tem. Furthermore, the primary site of α2-agonist action does 
not seem to be the cerebral cortex as would be the case with 
GABA-mimetic drugs. The α2-adrenoreceptor agonists seem to 
target a different type of sedation compared with GABA-mimet-
ic drugs (14).
 A BIS monitor is a neurophysiological monitoring device which 
continually analyses a patient’s electroencephalograms (EEG) 
during general anesthesia to assess the level of consciousness. 
The BIS monitor provides a single dimensionless number, the 

BIS value, ranging from 0 to 99 (15). We routinely use an intra-
operative BIS monitor, and its target score is 40 to 60 during 
general anesthesia. In this study, we chose desflurane, which 
has very low partition coefficient, because it has little influence 
on the BIS score during and after surgery. As discussed earlier, 
the LC is the predominant noradrenergic nucleus in the brain 
which has a number of efferent connections, particularly to the 
frontal lobes. Thus, the LC plays a role as an important modula-
tor of wakefulness. Farber et al. (16) reported that dexmedeto-
midine (20 µg/kg) and halothane (1%-2%) produced quantita-
tively similar EEG changes in chronically-instrumented cats. 
According to this study, halothane resulted in unconsciousness 
and a lack of response to tail clamping, whereas dexmedetomi-
dine produced profound sedation with preservation of the tail-
clamp response. Other study demonstrated that the infusion of 
dexmedetomidine at 0.6 µg/kg/hr produces EEG changes that 
correspond to a BIS of 60 (moderate to deep sedation) (2). These 
findings suggest that the BIS score based on EEG parameters 
may be influenced by the presence of α2-agonists. As a result, 
the BIS score for dexmedetomidine and other opioids appear 
to show similar results in sedative doses.
 Dexmedetomidine has also been used in adult patients hav-
ing a high risk for coronary heart disease and it provides peri-
operative hemodynamic stability. There were reductions in to-
tal cost/patient, total length of stay in the hospital and days in 
the ICU with shorter duration of mechanical ventilation. The 
use of dexmedetomidine may also contribute to a lower inci-
dence of shivering and morbidity (17).
 Fentanyl and remifentanil are commonly used opioids not 
only for intraoperative analgesia but for postoperative pain con-
trol. In our institution, after surgery and arriving at the recovery 
room, all patients receive titrated doses of IV fentanyl with a load-
ing dose of 25-100 µg, a continuous dose of 10-60 µg/hr, an in-
termittent dose of 10-50 µg and a lockout interval dose 6-8 min-
utes (range: 3-10 minutes) with PCA for postoperative pain con-
trol. After administration of an intravenous dose of 100 μg, its on-
set time of action is 1-2 minutes and its duration is 30-60 minutes.
 Remifentanil is a selective, ultra-short-acting µ-opioid recep-
tor agonist with an analgesic potency similar to that of fentanyl 
and a blood-brain equilibration time similar to that of alfent-
anil. Remifentanil is unique among the opioids as it undergoes 
metabolism via non-specific plasma and tissue esterases to in-
active metabolites. Its pharmacokinetic properties are charac-
terized by a small Vss of 0.3-0.4 L/kg, rapid clearance of 40-60 
mL/min/kg and low variability compared with other i.v. anes-
thetic drugs. T1/2α and t1/2β are 1-2 and 8-20 minutes, respective-
ly. Context-sensitive half-time is independent of the duration of 
infusion and is estimated to be about 4 minutes (18).
 Remifentanil infusion can provide critically ill patients with 
analgesia and sedation (19). Low doses of remifentanil (up to 
0.05 μg/kg/min) help critically-ill patients achieve calmness 
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and sedation. But increasing remifentanil doses can cause re-
spiratory depression and require controlled mechanical venti-
lation. Depending on clinical needs, sedation can be titrated to 
different targets, such as obtaining calmness, loss of conscious-
ness (LOC), decreasing sympathetic tone or even inhibiting re-
spiratory rate (20).
 As the doses used in group FK and group RK were sedative 
ones, it may be insufficient to reduce severe pain. The analgesic 
potency of group DK was not significantly different from other 
opioid group. Furthermore, the patients in group DK had the 
ability to communicate with normal cognition and had reduced 
postoperative nausea & vomiting, as well as hemodynamic sta-
bility.
 In conclusion, dexmedetomidine, at sedative doses, had the 
better postoperative hemodynamic stability than fentanyl or 
remifentanil and demonstrated a similar effect of pain control 
as fentanyl and remifentanil with patient awareness during se-
dation in the PACU.
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