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ABSTRACT 

OBJECTIVE 

A comparative study to evaluate the efficacy of dexmedetomidine as a hypotensive agent in comparison to esmolol in Spine 

surgeries. 

 
METHODS 

60 patients ASA I or II scheduled for routine spine surgeries were equally randomly assigned to receive either dexmedetomidine 

or esmolol. In DEX group, patients received loading dose of 1 μg/kg dexmedetomidine diluted in 10 mL 0.9% saline infused over 10 

min. before induction of anaesthesia, followed by continuous infusion of 0.5 μg/kg/h. In E group, patients received esmolol as a 

loading dose 1 mg/kg as 10 mL total vol. in saline infused over 1 min. followed by continuous infusion of 0.5 mg/kg/h. In both groups, 

aim was to maintain MAP within 55-65 mmHg. All patients were premedicated with IV glycopyrrolate 5 μg/Kg, IV midazolam 0.05 

mg/kg and fentanyl 2 μg/kg. Patients received standard anaesthetic technique with propofol 2 mg/kg. Anaesthesia was maintained 

with O2, N2O, sevoflurane at 2 MAC and atracurium 0.1 mg/kg. Surgical field was assessed using Average Category Scale and average 

blood loss was calculated. Hemodynamic variables (MAP and HR); intraoperative fentanyl consumption; Emergence time and total 

recovery from anaesthesia (Aldrete score ≥9) were recorded. Sedation score was determined at 15, 30, 60 min. after tracheal 

extubation and time to first analgesic request was recorded. 

 
RESULTS 

Both DEX group and E group reached the desired MAP (55-65 mmHg) with no intergroup differences in MAP or HR. The average 

category scale for quality of the surgical field in the range of MAP (55-65 mmHg) were <=2 with no significant differences between 

group scores during hypotensive period. The induction propofol dose was significantly lower in DEX group than E group (1.63±0.19 

mg/kg) versus (2.00±0.05 mg/kg) respectively (P<0.000). Baseline values of MAP and HR were comparable in both groups. Mean 

intraoperative fentanyl consumption in DEX group was significantly less than E group (21.67±22.75 µg vs 77.17±27.85 µg). 

Emergence time and time to achieve ≥9 modified. Aldrete scores were significantly shorter in E group than DEX group .4.37±0.92 

min. and 9.47±1.61 min. versus 8.5±1.9 min. and 4.95±1.24 min. (P<0.001). Incidence of intraoperative hypotension and bradycardia 

were seen in Esmolol group in 3.33 % cases. 

 
CONCLUSION 

Both dexmedetomidine and esmolol with sevoflurane are safe agents for controlled hypotension and are effective in providing 

ideal surgical field during spine surgeries. Compared with esmolol, dexmedetomidine offers the advantage of inherent analgesic, 

sedative and reduces dose of inducing agent. 
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INTRODUCTION 

Induced or controlled hypotension is a method by which the 

arterial blood pressure is decreased in a predictable and 

deliberate manner.¹ The intent of deliberate hypotension is to 

reduce bleeding and thus facilitate surgery and to decrease the 

amount of blood transfused. Controlled hypotension is a 

technique used to limit intraoperative blood loss to provide  
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the best possible field for surgery.²,³ A dry field results in more 

precise dissection and less risk of damage to vital structures. 

Trauma and tissue infection are minimised because fewer 

sutures are required and less electrocoagulated, devitalised 

tissue remains in the wound. Initially, induced hypotension 

was thought to decrease the surgical time due to improved 

visibility; however, this thought has later been proven to be 

untrue.  

Various agents e.g., magnesium sulphate,⁴ vasodilators 

(sodium nitroprusside),³ nitroglycerin,⁵ high doses of potent 

inhaled anaesthetics,⁶ and beta-adrenergic antagonist⁷ have 

been used to achieve controlled hypotension. Some 

disadvantages have been reported of these techniques 

including delayed recovery from inhaled anaesthetics, 

resistance to vasodilators, tachyphylaxis, and cyanide toxicity 

for nitroprusside.  
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Esmolol is an ultra short-acting selective B1 adrenergic 

antagonist that reduces heart rate and blood pressure. It has 

rapid onset of action of bolus IV injection and infusion. Upon 

termination of infusion, gradual recovery of arterial blood 

pressure to the pre-infusion level occurs without development 

of rebound hypertension.8,9 

Dexmedetomidine (DEX) is a potent highly selective 

α2 adrenergic receptor agonist. It has sedative, analgesic and 

anaesthetic sparing effect, and sympatholytic properties.¹⁰ 

The central and peripheral sympatholytic action of (DEX) is 

mediated by α2 adrenergic receptor and is manifested by dose-

dependent decrease in arterial blood pressure, heart rate, 

cardiac output and norepinephrine release.11,12 

With increasing numbers and complexity of spine 

surgery in adults, there is mounting awareness on effects of 

blood loss on patients’ outcomes.13 The primary aim of our 

study was to monitor the lowering of blood pressure with 

esmolol and dexmedetomidine; and secondarily to compare 

emergence and recovery time from anaesthesia and the 

adverse outcomes with dexmedetomidine and esmolol. 

 

METHODS 

The study was carried out in the Department of 

Anaesthesiology, M.G.M. Medical College and M.Y. Hospital, 

Indore, M.P. It was a prospective cross-sectional comparative 

study done over a definite period of time over sixty patients 

posted for spine surgeries in routine theatre list. The study 

included sixty patients of age group 20 yrs. to 50 yrs. of ASA 

grade 1 and ASA grade 2. Exclusion criteria¹⁴ included known 

cases of COPD, asthma, coagulopathy, hypertensive or diabetic 

patients, hypovolemic or hypotensive patients, patients with 

pre-existing severe bradycardia, or ejection fraction <30%, 

patients having arrhythmias on ECG or cardiac block, obese 

patients (BMI>30) and with deranged renal function. After 

getting the ethical clearance, patients in this study were 

randomly assigned to receive either dexmedetomidine (DEX 

group n=30) or esmolol (E group n=30). In the operating room, 

two intravenous cannulae were inserted, one for infusion of 

dexmedetomidine or esmolol and the other for administration 

of fluids and other drugs. A 22G radial artery catheter was 

inserted for continuous measurement of arterial blood 

pressure.  

All patients premedicated with IV glycopyrrolate 5 

μg/Kg, IV midazolam 0.05 mg/kg and fentanyl 2 μg/Kg. In DEX 

group, patients received loading dose of 1 μg/kg 

dexmedetomidine diluted in 10 mL 0.9% saline infused over 

10 min. before induction of anaesthesia, followed by 

continuous infusion of 0.5 μg/kg/h. In E group, patients 

received esmolol as a loading dose 1 mg/kg as 10 mL total vol 

in saline to be infused over 1 min. followed by continuous 

infusion of 0.5 mg/kg/h. In both groups, aim was to maintain 

MAP within 55-65 mmHg. Patients received standard 

anaesthetic technique, induction with propofol 2 mg/kg 

supplemented if necessary by 0.2 mg/kg aliquots until loss of 

verbal response. The required induction doses of propofol 

were recorded. Endotracheal intubation is facilitated with 

atracurium 0.5 mg/kg with suitable sized cuffed tube. 

Anaesthesia was maintained with O2, N2O, sevoflurane at 2 

vol% and atracurium 0.1 mg/kg. All patients were 

mechanically ventilated with 60% N2O/40% O2 mixture and 

sevoflurane at 2 vol %. 

In both groups, signs of inadequate anaesthesia as 

increase in the arterial pressure greater than the targeted MAP 

were treated with nitroglycerin 1 μg/kg/min infused if these 

target limits could not be achieved. The somatic responses as 

movement or sweating were treated with additional dose of 

fentanyl 1 μg/kg. Respiratory rate (RR) and tidal volume (TV) 

were adjusted according to body weight to maintain 

normocapnia. Patients received Ringer lactate at 3 mL/kg. 

Bradycardia associated with these drugs was treated with 

Atropine 0.01 mg/kg dose. The surgeons were blinded to the 

hypotensive agent used and were explained the Average 

category scale. When MAP reached desired range (55-65 

mmHg) and maintained for at least 10 minutes, the surgeon 

assessed the quality of the surgical field using a predefined 

average category scale adopted from that of Frommeet al.¹⁵ 

The ideal category scale values for surgical condition is 2. The 

total blood loss was measured from the suction apparatus. 

Infusion of the study drugs and sevoflurane was stopped five 

minutes before the anticipated end of surgery, and N2O 

stopped at the end of the surgery and the residual 

neuromuscular blockade antagonised with neostigmine (0.05 

mg/kg) and glycopyrrolate (10 μg /kg). 

Monitoring included invasive blood pressure 

measurement, heart rate, and surgical field score (Average 

Category scale). Intraoperative fentanyl consumption and 

requirements for additional hypotensive agent (nitroglycerin) 

were recorded. Emergence time¹⁶ (interval between the 

discontinuation of anaesthetics to response of eye opening to 

verbal command) was recorded. After extubation and full 

recovery, patients were transferred to the post-anaesthesia 

care unit (PACU) and observed where time to first analgesic 

rescue was recorded. Postoperative recovery evaluated using 

Aldrete score¹⁷ (0-10). Sedation score¹⁸ was measured at 15, 

30 and 60 minutes after tracheal extubation. 

 

STATISTICS 

Continuous variables were described as mean +- standard 

deviation (S.D.) and differences between both groups were 

analysed using student T test for two sample proportions for 

normally distributed data. Categorised variables were 

described as frequency and analysed by the Pearson chi-

square test. P value less than 0.05 was considered significant. 

All statistical analyses were performed using MINITAB       

version 17. 

 

RESULTS 

Patients of the study groups were comparable with respect to 

demographic data and operative data [Table 1]. The induction 

propofol dose was significantly lower in DEX group than E 

group (1.63±0.19 mg/kg) versus (2.00±0.05 mg/kg) 

respectively (P<0.001). Baseline values of MAP and HR were 

comparable in both groups. In DEX and E groups, there was a 

significant reduction of MAP in both groups compared to 

baseline value intraoperatively. Both groups reached the 

desired MAP (55‑65 mmHg) with no intergroup significant 

differences after induction or during hypotensive period. In 

esmolol group, there was need to use nitroglycerin as an 

additional hypotensive agent intraoperatively in one out of 30 

cases. At 5 and 10 minutes after stoppage of hypotensive 

agents, at end of surgery and after recovery, MAP was 

significantly lower in DEX group than E group [Figure 1].  
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Heart rate decreased significantly relative to baseline 

after administration of loading dose in both groups. There 

were no intergroup significant differences in HR after 

induction or during the hypotensive period. HR showed 

significant increase in E group 5, 10 min. after stoppage of 

hypotensive agent, at end of surgery and after recovery 

compared to DEX group [Figure 2]. Mean intraoperative 

fentanyl consumption in DEX group was significantly less than 

E group (21.67±22.75 µg vs 77.17±27.85 µg 6 [Fig 2]).  

The average category scale (ACS) for quality of surgical 

field was comparable in both groups in the range of MAP 

(55‑65 mmHg). Scores for bloodless surgical field were low in 

both groups; there was no significant difference in between 

group scores. The median range of scores was 2 (1-2) in both 

groups. The scores were ≤2 through the hypotensive period 

[Table 2]. There was no significant difference in the amount of 

blood loss intraoperatively in both groups. No patients 

presented with excessive blood loss. Emergence time and time 

needed to achieve ≥9 of modified Aldrete score were 

significantly shorter in E group than DEX group (4.37±0.92) 

min. and 9.47±1.61 min. versus (8.5±1.9 min) and 4.95±1.24 

min. respectively) (P<0.01) [Table 5]. 

The mean postoperative sedation scores were 

significantly lower in E group than in DEX group at 15 min. 

2.17±0.38 min. vs. 3.37±0.49 min. (p<0.01) and 30 min. 

2.30±0.46 vs. 2.07±0.25 (p<0.016). No significant difference 

was observed in sedation score at 60 min. in both groups. In 

both groups, no patient complains of any sign of awareness 

[Table 3]. Time recorded to first analgesic request was 

significantly shorter in E group than DEX group (25.83±8.71 

min.) vs (76.03±32.68 min.) respectively (P<0.001). [Table 5]. 

No postoperative nausea or vomiting observed in both groups. 

 

(N=30) 

 

Parameter 
Group I 

(Dex) 

Group II 

(Esmolol) 

t 

value 

P 

value 

Age 

(years) 
36.83±7.65 36.60±8.29 0.113 

P = 

0.910 

Weight 

(kg) 
58.33±6.77 60.60±6.78 

-

1.296 

P = 

0.200 

Table 1: Mean Age and Weight in both the Groups 
 

* Significant 

 

(N=30) 

 

ACS 
Group I 

(Dex) 

Group II 

(Esmolol) 

t 

value 

P 

value 

At 15 min 1.93 ± 0.25 1.97±0.41 0.38 0.708 

At 30 min 1.87 ± 0.34 1.96±0.25 1.40 0.167 

At 45 min 1.80 ± 0.40 1.96±0.36 1.76 0.08 

At 60 min 1.73 ± 0.45 1.93±0.36 1.89 0.06 

Table 2: Average Category Scale (ACS) at Different Time 

Intervals in both the Groups 
 

* Significant 

 

 
 

Fig. 1 
 

 
 

Fig. 2 

(N=30) 
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Sedation 
Score 

Group I 
(Dex) 

Group II 
(Esmolol) 

t 
value 

P 
value 

Sedation 
score at 15 

min 

3.37 ± 
0.49 

2.17 ± 0.38 10.61 0.000* 

Sedation 
score at 30 

min 

2.30 ± 
0.46 

2.07 ± 0.25 2.40 0.019* 

Sedation 
score at 60 

min 

2.13 ± 
0.34 

2.06 ± 0.00 0.85 0.398 

Table 3: Sedation Score at Different Time Intervals 
 

* Significant 

 

 (N=30) 

 

Parameter 
Group I 

(Dex) 

Group II 

(Esmolol) 

t 

value 

P 

value 

Emergence 

time (min) 
8.50±1.91 4.37±0.923 10.674 0.000* 

Time to 

Modified 

Aldret 

score (>9) 

(min) 

9.47±1.61 4.95±1.24 12.16 0.000* 

Table 4: Comparison of Time to Modified Aldrete Score 

(>9) & Emergence Time between the Two Groups 
 

* Significant 

 

 (N=30) 

 

Parameters 
Group I 

(Dex) 
Group II 

(Esmolol) 
t 

value 
P 

value 
Propofol 

requirement 
(mg) 

1.63±0.19 2.00±0.05 10.19 0.000* 

Additional 
analgesic 

requirement 
(mcg) 

21.67±22.75 77.17±27.87 8.44 0.000* 

Time for first 
analgesic 

requirement 
(min) 

76.03±32.68 25.83±8.72 8.12 0.000* 

Table 5: Comparison of Propofol Requirement, Additional 
Analgesic Requirement and Time for First Analgesic 

Requirement in both the Groups 
 

* Significant 

 

DISCUSSION 

Induced hypotension has been widely used and advocated to 

control the bleeding and thus improve the quality of surgical 

field. In our study, we used dexmedetomidine or esmolol along 

with sevoflurane as hypotensive agents to maintain MAP 

between 55-65 mmHg to provide the optimal surgical field. 

Both the drugs were effective in achieving MAP of 55-65 

mmHg and lowering the heart rate ensured good surgical 

condition and providing dry surgical field during spine 

surgeries. 

Patients who were treated with dexmedetomidine 10 

min. before induction of anaesthesia had significant decrease 

in MAP and HR after administration of loading dose. This 

dexmedetomidine induced haemodynamic profile can be 

attributed to the known sympatholytic effect of α2 agonists. 

The α2 receptors are involved in regulating the autonomic and 

cardiovascular systems. Alpha 2 receptors are located on 

blood vessels, where they mediate vasoconstriction, and on 

sympathetic terminal, where they inhibit norepinephrine 

release. The efficacy of dexmedetomidine in providing better 

surgical field and less blood loss during controlled 

hypotension was previously reported during middle ear 

surgeries by Ossama H et. Al.¹⁹ Richa et.al.¹² demonstrated it 

in maxillofacial surgeries. Similar results were seen by Tarek 

Shams et.al.²⁰ and Bayrams et.al.²¹ in FESS. 

Esmolol administration in the present study was 

associated with significant decrease in MAP and heart rate 

compared to baseline values. Esmolol lowers arterial blood 

pressure through a decrease in cardiac output secondary to 

negative chronotropic and inotropic effects of β adrenergic 

antagonism.²² It provided a stable course of controlled 

hypotension and produced beneficial effects in surgical field 

and in blood conservation. Similar findings were seen by 

Boezaart et.al.²³ and Tareek Shams et. Al.²⁰ in FESS. 

In our study baseline values of MAP and HR were 

comparable in both groups. In DEX and E groups, there was 

significant reduction of MAP in both the groups compared to 

baseline values intraoperatively. Both groups reached the 

desired MAP (55-65 mmHg) with no intergroup significant 

differences after induction or during hypotensive period. At 5 

and 10 minutes after stoppage of hypotensive agents, at end of 

surgery and after recovery, MAP was significantly lower in 

DEX group than E group. Heart rate decreased significantly 

relative to baseline after administration of loading dose in 

both groups. There were no intergroup significant differences 

in HR after induction or during the hypotensive period. 

HR showed significant increase in E group 5, 10 min. 

after stoppage of hypotensive agent, at end of surgery and 

after recovery compared to DEX group than E group. Heart 

rate decreased significantly relative to baseline after 

administration of loading dose in both groups. 

In our study, the mean induction dose of propofol in DEX 

group was 1.63±0.19 mg/kg and in esmolol group was 

2.00±0.05 mg/kg. The difference in both the groups is 

statistically significant having P value of <0.000. Induction 

dose of propofol is reduced with dexmedetomidine as 

compared to esmolol. Our study results are supported by 

study done by Peden et al.²⁴ (2001) where the effect of 

intravenous dexmedetomidine premedication on the dose 

requirement of propofol to induce the loss of consciousness in 

patients receiving alfentanil was done and they found that 

dexmedetomidine causes reduction in the overall 

concentration and dose of propofol required to produce loss of 

consciousness. Similar profile was noted by Guven et al.²⁵ and 

Goksu et al.²⁶ 

In our study in esmolol group, there was a case of failure 

where nitroglycerin infusion was started as esmolol was not 

able to achieve target MAP. In DEX group there was no need to 

use nitroglycerin as an additional hypotensive agent. 

The average category scale (ACS) for quality of surgical 

field was comparable in both groups in our study where the 

ACS during the hypotensive period was ≤2.  

There was no significant difference in the amount of 

blood loss intraoperatively in both groups.  

No patients presented with excessive blood loss and 

there was no need to transfuse blood in any patient. In our 

study, mean intraoperative fentanyl consumption in DEX 
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group was 21.67±22.75 µg which was significantly less than 

77.17±27.85 µg observed in E group. Our results are 

supported by the study done by Gurbet et.al.²⁷ that showed 

that intraoperative use of dexmedetomidine reduces the 

postoperative morphine requirement. Dexmedetomidine by 

its action through α 2A receptors in the Locus Coeruleus (Site 

of origin for the descending medullo-spinal noradrenergic 

pathway, known to be an important modulator of nociceptive 

neurotransmission terminates the propagation of pain signals 

leading to analgesia.²⁸ Several studies have found that 

perioperative use of dexmedetomidine was associated with a 

significant decrease in the consumption of inhalational agent, 

fentanyl, and analgesic in dose dependent manner.29,30 

The time recorded to first analgesic request was 

significantly shorter in E group than DEX group (25.83±8.71 

min.) vs (76.03±32.68 min.) respectively (P<0.001). 

Dexmedetomidine prolonged postoperative analgesia in 

(DEX) group. This is in accordance with Gurbet et al.²⁷ The 

analgesic effects of dexmedetomidine had been appreciated in 

various setting and various population.31,32,33,34 

Dexmedetomidine was associated with significant longer 

emergence time and time to total recovery from anaesthesia 

compared to esmolol.³⁵ Emergence time and time needed to 

achieve ≥9 of modified Aldrete score were significantly shorter 

in E group than DEX group, ((4.37±0.92) min. and 9.47±1.61 

min. versus (8.5±1.9 min) and 4.95±1.24 min. respectively) 

(P<0.01). 

The mean postoperative sedation scores were 

significantly lower in E group than in DEX group at 15 min. 

2.17±0.38 min. vs. 3.37±0.49 min. (p<0.01) and 30 min. 

2.30±0.46 vs. 2.07±0.25 (p<0.016) No significant difference 

was observed in sedation score at 60 min. postoperatively in 

both groups. Richa et al.¹² reported that extubation time was 

significantly slower in patients receiving dexmedetomidine 

compared with those receiving remifentanil for controlled 

hypotension. In both groups, no patient complains of any sign 

of awareness. Incidence of bradycardia (HR<45/min) and 

hypotension (MAP <50 mmHg) was noticed in one case out of 

thirty in esmolol group. Both bradycardia and hypotension 

were noticed after giving a loading dose of esmolol before 

induction. 

 

CONCLUSION 

I. Dexmedetomidine and esmolol were equally efficacious in 

reducing MAP and HR in spine surgeries. (providing 

bloodless field) 

II. Compared with esmolol, dexmedetomidine offered the 

advantage of being inherent analgesic, sedative and also 

reducing the dose of inducing agent propofol. 
 

Hence, this study found dexmedetomidine to be the 

preferred agent for induction of controlled hypotension in 

spine surgeries. 
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