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Abstract

Background: A variety of spinal surgery procedures are performed on patients with different cardiac, vascular, and respiratory
comorbidities. Postoperative pain management is a major determinant of hemodynamic and respiratory status in these patients
and promotes clinical results, prevents complications, saves health services, and improves the quality of life of patients.
Objectives: We compared the effects of dexmedetomidine and remifentanil on pain control after spinal surgery.
Methods: Sixty patients aged 18 - 65 years undergoing spinal surgery were randomized into the two groups of dexmedetomidine and
remifentanil. The dexmedetomidine group (group D, n = 30) received dexmedetomidine infusion (0.6 mcg/kg/h), and the remifen-
tanil group (group R, n = 30) received remifentanil infusion (0.1 mcg/kg/min) from induction of anesthesia until extubation. Propo-
fol (1.5 mg/kg) and fentanyl (2mcg/kg) were used to initiate anesthesia, and propofol (100 - 150 mcg/kg/min) was infused to maintain
anesthesia. Postoperative pain, hemodynamic parameters, and recovery characteristics were evaluated after surgery.
Results: The mean pain intensity in the dexmedetomidine group was significantly lower than in the remifentanil group (2.98 ±
1.29 vs. 3.80 ± 1.1; P < 0.001). Hemodynamic changes in the dexmedetomidine group (MAP: 92.60 ± 5.56, HR: 73.07 ± 7) were less,
and their condition was significantly more stable than in the remifentanil group (MAP: 93.85 ± 4.78, HR: 79.15 ± 7.03; P < 0.05).
The mean arterial oxygen saturation (O2 sat) in the dexmedetomidine group was significantly higher and more stable than in the
remifentanil group (98.87 ± 0.51 vs. 97.92 ± 0.46; P < 0.05). The incidence of nausea and vomiting was significantly lower in the
dexmedetomidine group compared to the remifentanil group (P < 0.05). The administration of analgesics in the post-anesthetic
care unit (PACU) was significantly higher in the remifentanil group than the dexmedetomidine group (P = 0.016).
Conclusions: Anesthetic maintenance with either dexmedetomidine or remifentanil infusion until extubation provided more
smooth and hemodynamically stable conditions, without complications. However, dexmedetomidine provides better analgesia,
causes a more stable hemodynamic state, and reduces postoperative nausea-vomiting, shivering, and the need for analgesics.
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1. Background

Today, a variety of spinal surgery procedures are per-
formed, which has posed a variety of challenges for anes-
thesiologists. Most of these patients have different comor-
bidities such as severe heart failure and vascular and res-
piratory diseases. Managing the hemodynamic status of
these patients is one of the major challenges for anesthe-
siologists. Surgery causes additional stress to the patient,
especially on the cardiovascular system, due to blood loss,
prolonged anesthesia, and perioperative pain (1).

Postoperative analgesia with various methods pro-
motes clinical results, prevents complications, saves

health services, and improves patients’ quality of life.
Proper control of postoperative pain improves postoper-
ative rehabilitation, which can lead to improved short-
and long-term recovery and quality of postoperative life
(2-5). Short-acting opioids such as fentanyl can meet this
goal (6). One of the most common drugs used for pain
control is narcotics, such as the use of remifentanil, which
is a safe drug in the induction and maintenance of anes-
thesia. Remifentanil binds to opioid µ receptors in many
areas of the central nervous system (CNS), increasing pain
thresholds, altering pain perception, and inhibiting the
ascending pain pathway (7). Remifentanil is fast-acting
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and has a fast metabolism, and even after a long period of
infusion, the patient will definitely wake up immediately
after stopping the infusion (8, 9). However, complications
such as nausea, vomiting, itching, opioid tolerance, and
urinary retention have caused doubts about the use of
narcotics.

In addition to narcotics, various drugs such as ke-
tamine, chlorpromazine, promethazine, and clonidine
have been studied for improving anesthesia, recovery, and
controlling pain thereafter (10, 11). The use of α2-receptor
agonists such as dexmedetomidine, alone or in combina-
tion with other drugs, improves hemodynamic stability
by having several favorable effects, including analgesic ef-
fects, inhibition of sympathetic outputs, anti-anxiety prop-
erties, reduction of norepinephrine levels and stress re-
sponse, and improving the quality of recovery (12, 13). It
also has positive effects on myocardial oxygen supply and
cardiac oxygen demand, and thus, myocardial protection
(1, 14). The maintenance of anesthesia with remifentanil or
dexmedetomidine until extubation provides stable hemo-
dynamics without complications (15). In elderly patients,
dexmedetomidine reduces respiratory depression, mean
arterial pressure (MAP), and heart rate (HR), but has a
less analgesic effect than remifentanil (16). The addition
of dexmedetomidine to other analgesics provides better
postoperative analgesia and improves patient satisfaction
(17).

2. Objectives

To compare dexmedetomidine and remifentanil in the
pain management of patients during and after spinal
surgery, we decided to conduct this study to find a safe
drug with low complications to control postoperative pain
and reduce opioids use.

3. Methods

Patients: In this clinical trial, after obtaining permis-
sion from the Ethics Committee of Ahvaz Jundishapur
University of Medical Sciences (IR.AJUMS.REC.1398.593) and
completing the informed consent forms, 60 patients who
were candidates for spinal column surgery (lumbar dis-
cectomy) from February 2019 to June 2020 were enrolled.
The patients aged 18 to 65 years and ha ASA class I or II
(inclusion criteria). The included patients were allocated
to either the Dexmedetomidine group or the Remifentanil
group by the use of the random digits table method for re-
ceiving dexmedetomidine or remifentanil as an infusion

during surgery. Patients requiring emergency surgery, pre-
vious spinal surgery, drug addiction, history of neurologi-
cal, neuromuscular, or psychiatric diseases, history of pul-
monary or cardiovascular diseases, an patients with un-
predictable events during the operation (such as massive
bleeding) were excluded from the study.

Interventions: The monitoring and anesthesia proto-
col of all the patients was similar. In detail, when the pa-
tient entered the operating room, noninvasive blood pres-
sure monitoring (systolic and diastolic), heart rate, elec-
trocardiography, arterial oxygen saturation (pulse oxime-
try), and capnography were performed. All the patients
received 5 mL/kg body weight crystalloid fluid (from lac-
tated Ringer’s solution), and 2 µg/kg fentanyl and 0.02
mg/kg midazolam were prescribed to the patients intra-
venously as premedication. Intravenous propofol at a dose
of 1.5 mg/kg and 0.5 mg/kg atracurium was used to in-
duce anesthesia. Patients in the dexmedetomidine group
received 1 µg/kg dexmedetomidine (Exir pharmaceutical
company, Borujerd, Iran) for 10 minutes at the beginning
of anesthesia. Anesthetic drugs included infusion of 100
- 150 µg/kg/min propofol and infusion of 0.01 µg/kg/min
dexmedetomidine. Patients in the remifentanil group re-
ceived 1 µg/kg remifentanil (Abureihan pharmaceutical
company, Tehran, Iran) as a bolus at the start of anesthe-
sia. Anesthetic maintenance drugs included infusion of
150-100 µg/kg/min propofol and remifentanil infusion of
0.1 µg/kg/min.

Dexmedetomidine or remifentanil was prepared in 50-
mL syringes mixed with normal saline coded A or B so that
the patients and researchers were blinded to the drug used
for each patient (double-blinded).

Study measurements: At the end of the surgery in the
stages of extubation, immediately after entering the post-
anesthesia care unit (PACU), 30, 60, and 120 minutes after
entering the PACU, and 24 hours after the surgery, the pain
level of the patients was assessed using the visual analog
scale (VAS) and registered. In case of pain score of more
than 6, 25 mg intravenous meperidine was administered.
Also, changes in systolic and diastolic blood pressure, heart
rate (HR), arterial oxygen saturation, nausea and vomiting
(based on simplified postoperative nausea and vomiting
impact scale 2 or more), and shivering (based on bedside
shivering assessment scale [BSAS] grade 1 or more) were as-
sessed at the same time as pain.

Statistical analysis: According to the significance level
of 0.05 and the measurement accuracy of 0.05, a sample
size of 58 patients was calculated based on the following
Formula:
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n =
Z1 − α

22
P (1− P )

d2

However, to increase the measurement accuracy, 60 pa-
tients were selected as samples. The collected data was an-
alyzed using SPSS version 22 (SPSS Inc., Chicago, IL, USA)
and presented the results as mean ± standard deviation.
Post hoc analysis was performed using the Mann-Whitney
U, chi-square, and Kruskal tests. A P-value of less than 0.05
was considered significant.

4. Results

There was no significant difference between the two
groups with respect to demographic data, including age,
male-to-female ratio, and ASA class, as shown in Table 1
(Remifentanil group: 45.2 ± 6.72 years, Dexmedetomidine
group: 46.7 ± 6.83 years).

The mean pain intensity after extubation, immediately
after entering the PACU, at 30, 60, and 120 minutes after
entering the PACU, and 24 hours after surgery in the two
groups were compared and recorded. The mean intensity
of pain in the dexmedetomidine group was significantly
lower than the remifentanil group (Remifentanil: 3.80 ±
1.1, Dexmedetomidine: 2.98 ± 1.29, P < 0.001; Table 1). The
results showed the greater effect of dexmedetomidine in
controlling postoperative pain.

Preoperative assessment revealed no significant differ-
ence between the two groups with respect to HR, MAP, and
SPO2 (HR: 74.2 ± 5.6, MAP: 97.6 ± 4.5, SPO2: 98.4 ± 0.5 in
the remifentanil group and HR: 74.4 ± 6.3, MAP: 96.8 ±
6.6, SPO2: 98.3 ± 0.5 in the dexmedetomidine group; Table
2). Mean HR, MAP, and SPO2 were significantly lower in the
dexmedetomidine group than in the remifentanil group
both during and after surgery in the extubation time, im-
mediately after entering the PACU, 30, 60,120 minutes after
entering the PACU, and 24 hours after surgery (HR: 79.15 ±
7.03, MAP: 93.85 ± 4.78, SPO2: 97.92 ± 0.46 in the remifen-
tanil group vs. HR: 73.07 ± 7, MAP: 92.60 ± 5.56, SPO2:98.87
± 0.51 in the dexmedetomidine group, P < 0.05; Table 2).
The frequency of nausea and vomiting in the two groups
was compared (Table 3). In the dexmedetomidine group,
immediately after entering the PACU and 30 and 120 min-
utes after entering the PACU, the frequency of nausea and
vomiting was significantly lower than in the remifentanil
group (P < 0.05). At the other times (immediately after ex-
tubation, 60 minutes after entering the PACU, and 24 hours
after surgery), no significant difference was found between
the two groups in this regard (P > 0.05).

The frequency of shivering was compared between the
two groups (Table 3). According to the results, immediately

after entering the PACU and 30 minutes after entering the
PACU in the dexmedetomidine group, the mean was signif-
icantly lower than in the remifentanil group, (P < 0.05).
While at other times recorded (immediately after extuba-
tion, 60 and 120 minutes after entering the PACU, and 24
hours after surgery), no significant difference was found
between the two groups in this regard (P > 0.05).

5. Discussion

The present study was a double-blind clinical trial that
compared the effect of dexmedetomidine and remifen-
tanil infusion on pain and hemodynamic changes in pa-
tients after spinal surgery. In the present study, there was
a significant difference in the variables of pain intensity,
HR, systolic and diastolic blood pressure, arterial oxygen
saturation, nausea, vomiting, and shivering between the
dexmedetomidine and remifentanil groups. The statisti-
cal data showed a significant difference in the hemody-
namic conditions, respiratory depression, pain score, and
the need for the postoperative analgesia between the two
groups. The results showed that dexmedetomidine in-
fusion causes more analgesia, reduces the need for opi-
oids, and creates more stable hemodynamic conditions
in patients. This drug has strong anesthetic and anal-
gesic effects that reduces the need for opioids and their
side effects, lowers stress response, and improves the qual-
ity of recovery. Dexmedetomidine is a central sympa-
tholytic and, in a dose-dependent manner, stabilizes hemo-
dynamic conditions and reduces HR and blood pressure
(18, 19). In a study, infusion of dexmedetomidine at a rate of
0.4 mcg/kg/h stabilized HR and blood pressure compared
to placebo. Reduce HR and blood pressure has also been
exhibited in another study, where dexmedetomidine and
fentanyl were compared in surgery of obesity (20, 21). The
findings of both of the above studies were consistent with
the results of our study.

In 2018, a study compared the effects of dexmedetomi-
dine and remifentanil on hemodynamic changes and pain
intensity in 30 candidates for hysterectomy. Vital signs and
pain intensity of patients in both groups were evaluated
and recorded at 5, 10, 20, and 30 minutes after surgery. The
results showed that the rate of hemodynamic changes and
pain intensity at 5, 10, and 30 minutes after the surgery
were lower than those in the remifentanil group. They con-
cluded that dexmedetomidine was effective in reducing
patients’ postoperative pain (P < 0.05) (22), which was in
line with our findings.
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Table 1. Comparison of Demographic Characteristics and Pain Data Between the Two Groups

Patient’s Data
Group P-Value

Remifentanil Dexmedetomidine

Age 45.2 ± 6.72 46.7 ± 6.83 0.14

Sex 0.39

Male 17 16

Female 13 14

Pain

After extubation 6.1 ± 1.16 4.87 ± 1.1 < 0.001

At entering the PACU 2.47 ± 1.11 2 ± 1.23 < 0.05

30 minutes after PACU 2.38 ± 1.02 1.43 ± 1.11 < 0.05

60 minutes after PACU 3.6 ± 1.14 2.5 ± 1.06 < 0.001

120 minutes after PACU 3.73 ± 1.03 3.23 ± 1.12 < 0.05

24 hours after PACU 4.53 ± 1.16 4.27 ± 1.14 < 0.05

Abbreviation: PACU: Post anesthesia care unit

In South Korea (2016), a study compared the intra-
venous injections of dexmedetomidine, fentanyl, and
remifentanil on postoperative hemodynamics, sedative
quality, and postoperative pain control. Pain scores did
not differ significantly between groups. Blood pressure
and HR in the dexmedetomidine group were significantly
lower than the other groups in the PACU (P < 0.05). The
dexmedetomidine group had better postoperative hemo-
dynamic stability than the remifentanil or fentanyl group
(P < 0.05) (23). The results of the above study were con-
sistent with our findings. In a study in 2015, the effects of
dexmedetomidine versus remifentanil on pain control af-
ter spinal cord surgery were examined in a clinical trial.
The results showed that pain intensity in the remifentanil
group was significantly higher than in the dexmedetomi-
dine group immediately after surgery (P < 0.05). Patients
in the remifentanil group showed higher PONV up to 24
hours after surgery. They concluded that dexmedetomi-
dine is extremely effective in reducing pain and control-
ling postoperative pain up to 48 hours after surgery. There-
fore, dexmedetomidine may be used instead of remifen-
tanil alongside propofol, which confirms the results of the
present study (24).

In a clinical trial study on the effects of dexmedeto-
midine and remifentanil injection on pain after rhino-
plasty in 2015, the results obtained were similar to those
of the present study. According to the results, the dose of
analgesics in the PACU and the rate of nausea and vom-
iting in the dexmedetomidine group were significantly
lower than in the remifentanil group (P < 0.05). The re-

sults of that study showed that maintenance of anesthe-
sia with remifentanil injection or dexmedetomidine injec-
tion until extubation provided stable hemodynamics with-
out complications after rhinoplasty. While remifentanil
was better than dexmedetomidine due to its avoidance of
anxiety and agitation in patients after surgery, dexmedeto-
midine was more effective than remifentanil in lowering
vomiting and pain (15).

The effect of remifentanil and dexmedetomidine on
hemodynamic changes in patients under general anesthe-
sia was examined in a study in 2015. The results showed
that the hemodynamic changes in both groups were sim-
ilar, but in the remifentanil group, patients were more
likely to have hypoxia. However, in our study, hemody-
namic changes were significantly different between the
two groups and were more stable in patients receiving
dexmedetomidine (25). The results of comparing arterial
blood oxygen levels in patients in the above two studies
were consistent.

In a study of the effect of dexmedetomidine on spinal
surgery in 2013, the results showed that dexmedetomidine
was effective in controlling hemodynamic response and re-
ducing blood loss in spinal surgery (26). The results of the
above studies were consistent with our findings. In 2016, a
clinical trial study compared the effects of the remifentanil
and dexmedetomidine on supervised anesthesia care in
57 elderly patients during vertebroplasty and kyphoplasty.
Postoperative anxiety and agitation were assessed in both
groups. The results showed no significant difference be-
tween the remifentanil and dexmedetomidine groups. In
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Table 2. Comparison of Preoperative Heart Rate, Mean Arterial Pressure, and O2 Saturation Between the Two Groups

Variable & Time
Group

P-Value
Remifentanil Dexmedetomidine

Preoperation

HR 74.2 ± 5.6 74.4 ± 6.3 0.63

MAP 97.6 ± 4.5 96.8 ± 6.6 0.45

O2 Sat. 98.4 ± 0.5 98.3 ± 0.5 0.37

After extubation

HR 100.1 ± 4.2 85.16 ± 5.4 < 0.001

MAP 112 ± 3.5 105.69 ± 6.3 < 0.05

O2 Sat. 97.76 ± 0.4 98.47 ± 0.5 0.43

At entering PACU

HR 79.06 ± 5.1 72.23 ± 4.9 < 0.05

MAP 95.33 ± 5.2 90.58 ± 4.7 < 0.05

O2 Sat. 98.43 ± 0.5 99.00 ± 0.5 0.52

30 min after PACU

HR 74.83±9.1 70.63±7.4 < 0.05

MAP 93.52 ± 4.8 90.30 ± 6.3 < 0.05

O2 Sat. 98.76 ± 0.7 99.53 ± 0.5 0.45

60 min after PACU

HR 74.90 ± 6.4 70.26 ± 8.3 < 0.05

MAP 94.48 ± 4.7 88.20 ± 3.3 < 0.001

O2 Sat. 97.33 ± 0.5 98.70 ± 0.6 0.23

120 min after PACU

HR 73.20 ± 11.3 69.66 ± 8.7 < 0.05

MAP 94.95 ± 4.1 91.37 ± 5.6 < 0.05

O2 Sat. 97.66 ± 0.3 98.73 ± 0.5 0.37

24 h after surgery

HR 72.83 ± 6.1 70.50 ± 7.3 0.66

MAP 92.78 ± 6.4 89.49 ± 7.2 < 0.05

O2 Sat. 97.63 ± 0.4 98.80 ± 0.5 0.29

Abbreviation: PACU: Post-anesthesia care unit; HR: Heart rate; MAP: Mean arterial pressure; O2 Sat.: O2 saturation

the dexmedetomidine group, patients showed higher MAP,
HR, and SPO2 levels than patients in the remifentanil group
(16). According to the results, remifentanil reduces the
need for drugs after surgery compared to dexmedetomi-
dine. They concluded from their study that during postop-
erative anesthesia care, dexmedetomidine reduced respi-
ratory depression, MAP, and HR, but it had less analgesic ef-
fects than remifentanil in the elderly undergoing vertebro-
plasty or kyphoplasty. The results of the above study were
in line with our results. The reason for this difference can
be attributed to differences in sample size, types of surgery,

or measurement times.

The findings of this study led to the evaluation of the
benefits of both dexmedetomidine and remifentanil in
controlling pain in patients after spinal surgery. Accord-
ing to the results of this study, dexmedetomidine is help-
ful in controlling postoperative pain. The results showed
a greater effect of dexmedetomidine infusion in prepar-
ing analgesia, reducing the need for opioids, and achieving
more stable hemodynamic conditions after spinal surgery.
Dexmedetomidine also reduces nausea, vomiting, and
shivering in patients.
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Table 3. Comparison of Frequency of Nausea and Vomiting and Shivering Between
the Two Groups

Variable & Time
Group

P-Value
Remifentanil Dexmedetomidine

After extubation

PONV 0 0 0.93

Shivering 0 0 0.132

At entering PACU

PONV 2 0 < 0.05

Shivering 3 0 < 0.05

30 min after PACU

PONV 5 1 < 0.001

Shivering 8 0 < 0.001

60 min after PACU

PONV 1 1 0.071

Shivering 1 1 0.163

120 min after PACU

PONV 1 0 < 0.05

Shivering 0 0 0.118

24 h after surgery

PONV 0 0 0.117

Shivering 0 0 0.136

Abbreviation:PACU: post-anesthesia care unit
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