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Abstract

Background: The aim of this study was to compare the volume of blood loss and hemodynamic changes in patients undergo-
ing lumbar discopathy, after continuous infusions of dexmedetomidine versus remifentanil during anesthesia with controlled low
blood pressure.
Methods: In this randomized double-blind clinical trial, 60 patients aged 20 to 65 years were randomly assigned to control and in-
tervention groups. The intervention group received a continuous infusion of dexmedetomidine at 0.3 - 0.7µg/kg/hour plus propofol
at 50 - 100 µg/kg/minute. The control group was given a continuous infusion of remifentanil at 0.1 to 1 µg/kg/minute plus the same
dose of propofol as above. The primary outcome was the amount of patient’s bleeding during surgery, and secondary outcomes
were changes in the patient’s systolic blood pressure, diastolic blood pressure, mean arterial pressure, and urinary output.
Results: Univariate and multivariate analyses of the main outcome in the control and intervention groups showed that there was
no significant difference between the two drugs with regards to the volume of blood loss, mean arterial pressure, and systolic and
diastolic blood pressure. Postoperative side effects were significantly lower in the intervention group (P = 0.002).
Conclusions: Administration of dexmedetomidine plus propofol in comparison with remifentanil plus propofol did not show
any significant difference regarding blood loss and hemodynamic changes; however, it reduced some side effects after surgery and
decreased analgesic requirement in the postoperative period. Taken together, the findings of this study do not support strong rec-
ommendations for dexmedetomidine infusion for all patients and the decision should be taken with caution on basis of the anes-
thesiologist’s expert opinion and the patient’s condition during surgery.
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1. Background

Controlled hypotension during surgery is an increas-
ingly important method, in which arterial blood pres-
sure is reduced predictably (1). During this process, sys-
tolic blood pressure (SBP) is reduced to 80 to 90 mmHg
and mean arterial pressure (MAP) is reduced to 50 to 65
mmHg, meaning a 30% reduction in baseline MAP. The
aim of this approach was to reduce blood loss and con-
sequent blood transfusion requirements and also to im-
prove the surgical field (2). This technique can provide
a dry field for the surgeon and obviously lead to a bet-
ter result in surgery, thus, in the recent years, there has

been an increasing interest in its application. There are
two main strategies for implementing controlled hypoten-
sion during anesthesia, increasing the depth of anesthe-
sia and administering hypotensive drugs (1). A wide range
of vasodilators, beta-blockers, and volatile anesthetics or
combinations of two or more medications are used in
various operation fields to induce hypotensive anesthe-
sia (3). Drugs that can successfully be used alone include
inhalation anesthetics, sodium nitroprusside, nitroglyc-
erin, trimethaphan camsylate, alprostadil (prostaglandin
E1), adenosine and remifentanil, and those that are best
used adjunctively, include angiotensin-converting enzyme
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(ACE) inhibitors and clonidine (2).

Propofol, by dilating veins and hence facilitating the
outflow of blood from the surgical field, can induce
anesthesia and sedation. Dexmedetomidine is a selec-
tive α2-adrenergic receptor agonist, which can decrease
mean arterial pressure (MAP) and heart rate by reducing
norepinephrine release, and it is known to be an anal-
gesic drug with sympatholytic, anesthetic-sparing, and
hemodynamic-stabilizing properties. Dexmedetomidine
may be an effective prophylactic agent that induces se-
dation and analgesia in patients with delayed extuba-
tion after craniotomy (4). Remifentanil is very fast act-
ing with a rapid metabolism, which ensures rapid and
predictable postoperative awakening and also maintains
hemodynamic stability like other potent opioids. It can in-
duce and maintain hypotension in an easy and safe way,
even in pediatric patients; it can be a sufficient substitute
for esmolol or nitroprusside in controlled hypotension,
when it is combined with propofol or sevoflurane (3). Ques-
tions have been raised about the best choice for imple-
menting controlled hypotensive anesthesia, and evidence
shows that the ideal hypotensive agent must be easy to ad-
minister, have a short onset time, a rapid elimination with-
out toxic metabolites, negligible effects on vital organs,
and a predictable and dose-dependent effect (2). There are
many different ways of combining anesthetic agents to ob-
tain the best result, for example, induction with propo-
fol and remifentanil and maintenance with remifentanil
and inhalation agent with or without propofol infusion;
or induction with propofol and fentanyl, maintenance
with dexmedetomidine and inhalation agent with or with-
out propofol; or induction with propofol and remifen-
tanil, maintenance with remifentanil, dexmedetomidine
and inhalation agent (1). In the recent years, there has
been an increasing interest in using controlled hypoten-
sive anesthesia in different surgery fields, and the results
of studies vary. Debate continues about the best strate-
gies for the management of blood loss during surgeries.
Turgut Net al. concluded that propofol-remifentanil and
propofol-dexmedetomidine were both suitable for elec-
tive supratentorial craniotomy and provided similar in-
traoperative hemodynamic responses and postoperative
adverse events (5). These authors added that propofol-
remifentanil allowed earlier cognitive recovery and conse-
quently earlier demand for postoperative analgesics. In an-
other study, dexmedetomidine was shown to be a safe and
effective adjuvant for hypotensive anesthesia to decrease
bleeding (6). Dexmedetomidine was also found to reduce
bleeding, bleeding scores, and intraoperative fentanyl con-
sumption during general anesthesia in septoplasty opera-
tions (7). Lee et al. observed that in the immediate postop-
erative period, remifentanil induced a faster recovery com-

pared to dexmedetomidine (8).
Moreover, there have been no controlled and blinded

studies comparing differences between remifentanil and
dexmedetomidine, regarding hemodynamic changes of
patients undergoing controlled hypotensive anesthesia in
lumbar discopathy surgery, and there is still insufficient
data for establishing the safety and efficacy of this ap-
proach.

2. Objectives

The objectives of this research were to compare vol-
ume of blood loss and hemodynamic changes between
dexmedetomidine and remifentanil in controlled hy-
potensive anesthesia in lumbar discopathy surgery.

3. Methods

3.1. Trial design and Population

A double-blind randomized controlled trial was con-
ducted on 60 male and female candidates for lumbar dis-
copathy surgery, who were referred to Golestan hospital,
Ahvaz, Iran, from Septamber to December 2017. This re-
search was supported by the Pain Research Center, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran,
under proposal No.IR.AJUMS.REC.1396.311. All patients pro-
vided a written informed consent.

This study assessed the eligibility of 60 patients re-
ferred to the hospital, upon admission to the neurosurgery
ward on the basis of the following criteria.

Inclusion criteria: age of 20 to 65 years old with Amer-
ican society of anesthesiologists (ASA) class I and II, sched-
uled for lumbar discopathy surgery at one or two levels.

Exclusion criteria: coagulative disorders, taking anti-
coagulant drugs, re-operative surgery, history of lumbar
trauma, diabetes and uncontrolled hypertension.

3.2. Interventions

Patients were randomly assigned to the intervention
group (dexmedetomidine infusion) or the control group
(remifentanil infusion). In the intervention group, pa-
tients received a continuous infusion of dexmedetomidine
(PFIZER, USA), 0.3 to 0.7 µg/kg/h, plus a continuous infu-
sion of propofol (B.BRAUN, Germany), 50 to 100µg/kg/min.
In the control group, there was a continuous infusion of
remifentanil (HAMELN, Germany), 0.1 to 1 µg/kg/h, plus a
continuous infusion of propofol (B.BRAUN, Germany), 50
to 100 µg/kg/min.

Prior to surgery, patients were generally monitored
by an anesthesiologist and equal medical regimens were
used for induction of general anesthesia in both groups.
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Anesthesia was induced with 2 mg midazolam (Chemi-
darou, Iran), 2 to 3 µg/kg fentanyl (HAMELN, Germany), 4
to 5 mg/kg sodium thiopental (SANDOZ, Austria), and 0.5
mg/kg cisatracurium (HAMELN, Germany). The anesthesia
procedure was the same for the two study groups.

Blood pressure readings, via an invasive arterial line
(systolic blood pressure (SBP), diastolic blood pressure
(DBP), and mean arterial pressure (MAP)), heart rate (HR),
arterial oxygen saturation (SpO2), and ECG were moni-
tored continuously before and after starting the study
drug and during surgery.

During surgery, 8 to 10 mL/kg/h of crystalloid in-
travenous fluid was prescribed for both groups, and 4
mL/kg/h after surgery. After ensuring hemodynamic stabil-
ity, the patient was placed in the prone position and the in-
tervention proceeded.

3.3. Randomization and Blinding

Participants were randomly allocated to two groups by
using a computer-based randomization program (n = 30
in each group), which is depicted in Figure 1. This was a
double-blind study, in which participants and outcome as-
sessors were blinded yet not the investigators, due to the
nature of the interventions.

3.4. Outcomes

The primary outcome of this study was blood loss vol-
ume (in milliliters). Total blood loss was estimated during
the entire procedure, and after serial blood gas analysis,
patients received blood transfusion if hemoglobin concen-
tration was less than 8 g/dL.

As secondary outcomes, the researchers measured
changes in the systolic blood pressure, diastolic blood
pressure, and mean arterial pressure at 0, 10, 30, and 60
minutes after infusion and also after extubation; in both
the intervention and control group. Other secondary out-
comes were changes in heart rate (at 0, 10, 30, and 60 min-
utes after infusion and also after extubation), urinary out-
put (post-surgery, in milliliters), interval between extuba-
tion to full orientation (in minutes), and the need for an
analgesic agent in the post-operative period.

Patients were followed until the end of the recovery
time.

3.5. Sample Size

The sample size was determined according to a similar
previous study (8). The sample size, considering attrition,
was calculated as 30 in each group (power: 80% andα: 5%).

3.6. Ethical Considerations

Informed written consent was obtained from all par-
ticipants, and the ethical committee of Ahvaz Jundishapur
University of Medical Sciences approved this study in 2017
(Ref. No.IR.AJUMS.REC.1396.311). The study protocol con-
formed to the ethical guidelines of the 2008 declaration of
Helsinki and it has been registered at the Iranian registry
of clinical trials (IRCT ID: IRCT2017083136009N1).

Statistical methods: All statistical analyses were per-
formed using SPSS version 22. All main outcomes are
presented as mean (± SD) and frequency (%) for contin-
uous and categorical variables, respectively. The statisti-
cal significance level was set at a two-tailed type I error of
0.05, and deviation from abnormal distribution was deter-
mined by the Kolmogorov-Smirnov test.

Univariate analysis was done by the Student t-test and
Mann-Whitney, chi-square, and repeated measures tests.
Mixed model, linear regression, and logistic regression
were used to evaluate the data in multivariate analysis.

4. Results

No statistically significant differences were found be-
tween the two groups in the patient’s demographic and
clinical characteristics (Table 1). There was no significant
difference between the two groups at induction and main-
tenance of anesthesia regarding hemodynamic parame-
ters, yet heart rate, MAP, SBP, and DBP gradually decreased
from the first to 60th minute and then increased after ex-
tubation, and there were significantly in each group (P <
0.001) (Table 2).

Table 1. Baseline Characteristics of Participantsa

Patients Char-
acteristics

Intervention Group
(Dexmedetomidine

Infusion) (n = 30)

Control Group
(Remifentanil

Infusion) (n = 30)

P
Value

Age, y 36.57 ± 8.04 37.97 ± 9.58 0.542

Gender
(male/female)

18/12 16/14

Weight, kg 73.93 ± 7.23 74.10 ± 6.95 0.927

ASA I/II 21/9 22/8 0.58

Duration of
surgery, min

46.3 ± 4.72 50.19 ± 4.91 0.83

Abbreviations: ASA, American society of anesthesiologist’s status; SD, standard
deviation.
aValues are expressed as mean ± SD or No. (%), where applicable value calcu-
lated using independent sample t-test or Chi-square test.

There was no significant interaction between time
points and groups regarding heart rate. Multivariate anal-
ysis of heart rate showed that by adjusting ASA class, age,
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Figure 1. Flow diagram of the study

weight, and baseline heart rate, there was no significant
difference between the two groups (P = 0.59).

The mean and standard deviation of blood loss, uri-
nary output, interval between discontinuation of mainte-
nance to full orientation, frequency of need for analgesic
drugs, and percentage of side effects are presented in Ta-
ble 3. Blood loss and urinary output did not show any
difference between the two groups, yet there were signif-
icant differences between the two groups in the interval
between discontinuation of maintenance and full orien-
tation (P < 0.001), analgesic requirement (P = 0.002) and
postoperative side effects (P = 0.002).

Table 4 shows the type and frequency of each side ef-
fect observed in both the intervention group and the con-
trol group. Shivering was more common in the control
group than the intervention group, which was significant
(P = 0.004); and nausea and vomiting was more common
in the control group than the intervention group yet the
difference was non-significant (P = 0.209). Bradycardia and

need for administration of atropine was more frequent in
the intervention group; this was not significant (P = 0.299).

In all cases of bradycardia, atropine (0.5 mg. IV. bolus)
was used only once and there was no need for a repeat.

5. Discussion

The present study was a double-blind randomized clin-
ical trial that was designed to determine the differences be-
tween dexmedetomidine and remifentanil infusion with
regards to blood loss volume and hemodynamic changes
in lumbar discopathy surgery. It was hypothesized that all
candidates for this surgery would benefit from dexmedeto-
midine infusion in a controlled hypotensive anesthesia.

The main question in this research was whether
dexmedetomidine reduces blood loss during controlled
hypotensive anesthesia.The results of this study indicated
that blood loss did not differ between the two study
groups (P = 0.795). Durmus et al. evaluated the effect of
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Table 2. Comparison of Hemodynamic Variables During Surgery, at Different Time Points, Between the Two Groupsa

Variable Beginning 10th min 30th min 60th min Extubation P Value

Heart rate, beat/min

Intervention group 79.47 ± 11.34 74.33 ± 9.56 68.33 ± 10.02 63.43 ± 10.82 92.93 ± 12.77 < 0.001

Control group 82.33 ± 12.15 77.5 ± 12.09 69.60 ± 9.94 65.23 ± 8.17 94.73 ± 13.78 < 0.001

P Value 0.35 0.26 0.62 0.47 0.60

Systolic blood pressure, mmHg

Intervention group 114.6 ± 12.32 110.3 ± 12.06 103.5 ± 12.04 99.2 ± 12.44 132.63 ± 15.44 < 0.001

Control group 119.1 ± 13.78 112.47 ± 12.81 103.53 ± 10.1 99.78 ± 11.01 135.37 ± 13.55 < 0.001

P Value 0.19 0.50 0.99 0.83 0.47

Diastolic blood pressure, mmHg

Intervention group 74.60 ± 9.86 73.83 ± 10.16 70.60 ± 10.08 68.70 ± 10.71 85.03 ± 10.13 < 0.001

Control group 76.87 ± 9.97 74.93 ± 9.62 68.77 ± 8.03 68.93 ± 7.64 86.83 ± 8.38 < 0.001

P Value 0.38 0.67 0.44 0.92 0.46

Mean arterial blood pressure, mmHg

Intervention group 87.93 ± 9.36 85.99 ± 9.61 81.57 ± 9.72 78.87 ± 10.64 100.9 ± 10.52 < 0.001

Control group 90.94 ± 10.54 87.44 ± 10.04 80.36 ± 8.13 79.24 ± 8.02 103.01 ± 8.85 < 0.001

P Value 0.25 0.57 0.60 0.88 0.40

aValues are expressed as mean ± SD.

Table 3. The Comparison of Blood Loss, Urinary Output, Time Between Discon-
tinue of Anesthesia to Full Orientation, and Analgesic Requirement Between the Two
Groupsa

Outcomes Dexmedetomidine
Group (n = 30)

Control Group
(n = 30)

P
Value

Blood loss, mL 268.33 ± 132.67 255.67 ± 84.96 0.795

Urinary output,
mL

255.17 ± 200.03 247.67 ± 170.65 0.706

Discontinue of
anesthesia to
full orientation,
min

32.67 ± 5.06 24.83 ± 4.63 <
0.001

Post-Operative
Analgesic
requirements

0.002

Yes 11 (36.7) 23 (76.7)

No 19 (63.3) 7 (23.3)

aValues are expressed as mean ± SD.

dexmedetomidine on bleeding during tympanoplasty or
septorhinoplasty and they showed a reduction in blood
loss in the group receiving this drug in comparison to
placebo (P < 0.05) (9). Mizrak et al. evaluated the ef-
fect of dexmedetomidine on intraoperative blood loss
inpediatric adenotonsillectomy, and the results demon-
strated that surprisingly, the total amount of blood loss
with dexmedetomidine was significantly higher than the
placebo group (P < 0.05) (10). In a study by Ibraheim et

Table 4. The Comparison of Particular Side Effects Between the Intervention and
Control Groupa

Side Effects Dexmedetomidine
Group (n = 30)

Control Group
(n = 30)

P
Value

Shivering 0.004

Yes 7 (23.3) 18 (60)

No 23 (76.7) 12 (40)

Nausea and
Vomiting

0.209

Yes 4 (13.3) 9 (30)

No 26 (86.7) 21 (70)

Bradycardia
(Atropine
administered)

0.299

Yes 7 (23.3) 3 (10)

No 23 (76.7) 27 (90)

aValues are expressed as No. (%).

al. on the effects of dexmedetomidine compared to es-
molol on blood loss and hemodynamic changes in scolio-
sis surgery, they observed a significant reduction in blood
loss in patients, who received dexmedetomidine (465 mL
versus 667 mL, P < 0.05) (11). The results of previous stud-
ies on blood loss are controversial and this may be due to
the different types of surgeries.

In this study, there was no significant difference in MAP
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between these two drugs. However, the findings of the
current study did not support the findings of an earlier
work by Durum et al. In a study by Koroglu et al. the seda-
tive, hemodynamic, and respiratory effects of dexmedeto-
midine and propofol were compared in children undergo-
ing magnetic resonance imaging procedures. Mean Arte-
rial Pressure was significantly lower in the propofol group
(12).

The results of this study was in contrast with the find-
ings of some previous works in this field. In the present
study, there was no significant correlation between times
and groups regarding DBP, SBP, and Heart Rate. In a com-
parative study of hemodynamic effects of four different
intravenous doses of dexmedetomidine (0.25, 0.5, 1.0 and
2.0 µg/kg), heart rate of patients decreased by 17% at 150
minutes. The comparison showed no benefit for higher
doses and all doses were well-tolerated. In another study
by Aho et al. (13), dexmedetomidine (0.3 or 0.6 µg/kg) was
compared with fentanyl 2.0 µg/kg or saline as a single in-
travenous bolus. The results showed that post-intubation
increase in heart rate was significantly less in the group
that received the higher dose of dexmedetomidine than all
other groups (14). There are several possible explanations
for this result. In a recent study that was conducted to com-
pare the effect of dexmedetomidine and remifentanil on
intraoperative field conditions and recovery during endo-
scopic sinus surgery, Lee et al. did not detect any significant
differences between the two groups with respect to surgi-
cal field conditions, blood loss, hemodynamic parameters,
and time to extubation (8). The results of this study are in
line with the current.

It has been reported that dexmedetomidine has anes-
thetic and analgesic effects in addition to its sedative ef-
fects (5). The current study showed that analgesic re-
quirement in the postoperative period was significantly
reduced with dexmedetomidine-propofol infusion com-
pared to remifentanil-propofol infusion (P = 0.002)

As for anesthesia emergence characteristics, a study by
Namigar et al. showed an advantage for remifentanil with
respect to PACU discharge time, where dexmedetomidine
patients required a longer time compared to remifentanil
patients to achieve their first normal neurological score
(33 versus 31 minutes) (5). The current observation was
directed at the interval time between discontinuation of
maintenance of anesthetic drugs to full orientation status.
This interval was longer with dexmedetomidine infusion
(32.6 minutes) than remifentanil infusion (24.8 minutes)
(P < 0.001). In Safinaz Karabayirli et al.’s study, it was con-
cluded that in comparison with remifentanil, dexmedeto-
midine during functional endoscopic sinus surgery (FESS)
for controlled hypotension, is of limited value as it has no
additional benefits in terms of control of hypotension and

amount of bleeding in the surgical field and it is associated
with higher recovery time and first-hour postoperative se-
dation scores (15, 16). The results of these studies are in line
with that of the current study.

5.1. Limitations

The researchers were not able to assign all surgical pro-
cedures to a single surgeon, because Golestan Hospital is
an educational hospital with many surgeons working on
different days.

It was better to compare the anesthetic depth between
the two groups. The Bi-Spectral Index device is used for this
purpose. Due to some technical difficulties, it was not pos-
sible to use this hospital device.

5.2. Conclusions

The findings of this study have a number of impor-
tant implications for future practice. Administration of
dexmedetomidine plus propofol compared to remifen-
tanil plus propofol did not show any significant difference
regarding hemodynamic changes and blood loss; however,
it reduced some side effects after surgery and decreased
analgesic requirement in the postoperative period. Taken
together, the findings of this study do not support strong
recommendations for dexmedetomidine infusion for all
patients, and the decision should be taken with caution on
the basis of the anesthesiologist’s expert opinion and pa-
tient’s condition during surgery.
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